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Prognostic Factors and Surgery
for Breast Cancer Patients
With Locoregional Recurrence:
An Analysis of 5,202
Consecutive Patients
Jiahui Huang, Yiwei Tong, Xiaosong Chen* and Kunwei Shen*

Department of General Surgery, Comprehensive Breast Health Center, Ruijin Hospital, Shanghai Jiaotong University School
of Medicine, Shanghai, China

Purpose: With the application of “less extensive surgery” in breast cancer treatment, the
pattern of locoregional recurrence (LRR) has significantly changed. This study aims to
evaluate the risk and prognostic factors of LRR in a recent large breast cancer cohort.

Methods: Consecutive early breast cancer patients who received surgery from January
2009 to March 2018 in Shanghai Ruijin Hospital were retrospectively analyzed. LRR was
defined as recurrence at the ipsilateral breast (IBTR), chest wall, or regional lymph nodes
and without concurrent distant metastasis (DM). Patients’ characteristics and survival
were compared among these groups.

Results: Among 5,202 patients included, 87 (1.7%) and 265 (5.1%) experienced LRR
and DM as first event after a median 47.0 (3.0–122.5) months’ follow-up. LRR was
significantly associated with large tumor size and positive lymph node status (p < 0.05).
Forty (46.0%) patients received further salvage surgery after LRR and had a significantly
better 3-year post-recurrence overall survival than those who did not (94.7% vs. 60.7%,
p = 0.012). Multivariate analysis showed that salvage surgery for LRR was independently
associated with better survival (HR = 0.12, 95% CI 0.02–0.93, p = 0.043) along with
estrogen receptor (ER) positivity (HR = 0.33, 95% CI 0.12–0.91, p = 0.033).

Conclusion: LRR rate was relatively low in recent era of breast cancer treatment. Tumor
size and lymph node status were associated with risk of LRR, and salvage surgery for
selected LRR patients achieved an excellent outcome.

Keywords: breast cancer, risk factors, surgery, survival, locoregional recurrence
INTRODUCTION

Breast cancer is the most commonly diagnosed cancer and the leading cause of cancer mortality in
females worldwide (1). With a better understanding of tumor biologic behavior, innovations in
screening techniques, and the development of comprehensive multidisciplinary treatment
strategies, more breast cancers can be diagnosed at early stages. Less extensive surgery, for
instance, breast-conserving surgery (BCS) followed by radiotherapy and sentinel lymph node
October 2021 | Volume 11 | Article 76311916
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biopsy (SLNB) in selected patients demonstrated equivalence
with mastectomy and axillary lymph node dissection (ALND) in
terms of survival but with less comorbidities (2, 3).

Locoregional recurrence (LRR) is a clinically relevant,
predominant pattern of treatment failure in breast cancer. LRR
patterns vary across initial surgical approach and mainly involve
recurrence in chest wall post-mastectomy, residual breast after
BCS, or regional lymph nodes (LNs). According to previous
evidence, factors associated with increased risk of LRR include
young age at diagnosis, greater tumor size, involvement of
regional LN, high histological grade, triple negative (TN) or
human epidermal growth factor receptor 2 (HER2)-positive
subtype, lack of endocrine therapy, and omitting indicated
adjuvant radiotherapy (4–6). Different from the palliative
management of distant metastasis (DM), salvage surgery plays
an important role in the comprehensive management of LRR.
Patients who received salvage surgery for LRR reported relatively
satisfactory 5-year overall survival (OS) ranging from 40.8% to
90.9% (7, 8), suggesting that selective LRR patients would benefit
from salvage surgery and quite a number of LRR patients could
be cured. However, retrospective series showed that between 15%
and 37% patients with LRR had concurrent DM at the time of
presentation (9–18). Disease outcomes and treatment strategies
of these populations can be very different from those with LRR
alone. The management of LRR should be based on systemic
evaluation and be discussed in a multidisciplinary setting.

However, studies of LRR were mostly conducted in the late
1990s to early 2000s and in western populations. Following the
change of initial surgical procedures from “maximal tolerable
treatment” to “minimal effective treatment,” the pattern of LRR
has also significantly changed. With an increasing rate of BCS
and SLNB, now we meet more patients with ipsilateral breast
tumor recurrence (IBTR) and regional LN recurrence in clinical
practice. To this end, the objective of this study was to analyze
the risk and prognostic factors of LRR in the current “less
extensive surgery” era.
PATIENTS AND METHODS

Patients
We retrospectively included consecutive female patients diagnosed
with primary invasive breast cancer and received radical surgical
treatment from January 2009 to March 2018 in Comprehensive
Breast Health Center, Shanghai Ruijin Hospital. Patients with
complete clinicopathological information, with at least 3 months
of follow-up, were included in this study. Patient with de novo stage
IV disease, with bilateral breast cancer, receiving neoadjuvant
therapy for breast cancer, or with previous malignancy history
were excluded from this study (Supplementary Figure 1). Patient
baseline clinical characteristics were extracted from Shanghai
Jiaotong University Breast Cancer Database (SJTU-BCDB).

Pathological Assessment
Histopathological assessment and immunohistochemical (IHC)
evaluation were conducted in the Department of Pathology, Ruijin
Hospital, by at least two independent experienced pathologists.
Frontiers in Oncology | www.frontiersin.org 27
Estrogen receptor (ER) positivity and progesterone receptor (PR)
positivity were defined as 1% or more positive invasive tumor cells
with nuclear staining (19). HER2 status was first determined by
IHC staining and scored as 0, 1+, 2+, and 3+ according to the
American Society of Clinical Oncology/College of American
Pathologists (ASCO/CAP) guideline (20). Samples with HER2
IHC 2+ were further examined by fluorescence in situ
hybridization (FISH). HER2 positivity was defined as HER2
IHC 3+ or FISH positive. Five breast cancer molecular subtypes
were classified according to the 2013 St. Gallen breast cancer
consensus (21): Luminal A (ER+/HER2–, Ki67 < 14%, and PR ≥
20%), Luminal B HER2− (ER+/HER2−, Ki67 ≥ 14%, or ER+/
HER2−, PR < 20%, or ER−/PR+/HER2−), Luminal B HER2+ (ER
or PR+/HER2+), TN (ER−/PR−/HER2–), and HER2 enriched
(ER−/PR−/HER2+).
Follow-Up and Disease Outcomes
Follow-up was accomplished annually by specialized breast
cancer nurses in our center through outpatient medical history
and/or phone calls. Recurrences in ipsilateral breast, chest wall,
or regional LN (ipsilateral axillary, infra- and/or supraclavicular,
or internal mammary LN) were considered LRR. DM included
metastases to distant LN, bone, brain, liver, lung (including
pleura and lymphangitic carcinomatosis), or others (including
peritoneal, other organs not elsewhere classified, and skin not in
the breast and chest wall). Patients with concurrent LRR and DM
were categorized as DM as first recurrence event.

Recurrence-free interval (RFI) was defined as time from the
date of breast cancer surgery to the date of first recurrence event.
OS was defined as time from the date of breast cancer surgery to
the date of death from any cause. Post-recurrence OS (PR-OS)
was defined as the time from the date offirst recurrence diagnosis
to the time of death from any cause.

Statistical Analysis
Patients were categorized into three groups according to their
recurrence status, i.e., recurrence-free, LRR, and DM groups.
Descriptive characteristics of categorical variables were tested
using chi-squared test or Fisher’s exact test. Binary or
multinomial logistic regression analysis was conducted to
compare baseline clinicopathological features and adjuvant
therapy among groups. Survival curves were plotted using the
Kaplan–Meier method and compared between groups by log-
rank test. Multivariate Cox proportional-hazards regression
analyses were performed to calculate hazard ratios (HRs) and
95% confidence interval (CI) for recurrence and survival. All
analyses were performed using IBM SPSS 22.0 (IBM Inc.,
Armonk, USA). All reported p-values were two-sided, and p <
0.05 was considered statistically significant.
RESULTS

Patient Baseline Characteristics
A total of 5,202 women were included in this study. The median age
was 55 (range: 22–93) years. Patients’ baseline clinicopathological
October 2021 | Volume 11 | Article 763119
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characteristics at initial diagnosis and treatment for primary breast
cancer were summarized in Table 1. Four thousand four hundred
fifty-four (85.6%) patients had invasive ductal carcinoma, and 1,723
(33.1%) had node-positive disease. ER positivity were identified in
3,769 (72.5%) patients, and 1,181 (22.7%) had HER2-positive
disease. With regard to local and systemic treatment, BCS was
performed in 1,597 (30.7%) patients, while others received
mastectomy as initial surgery for breast cancer. Two thousand
five hundred sixty-three (49.3%) patients received SLNB, 2,598
(49.9%) patients received ALND, and the remaining 41 (0.8%)
patients did not receive surgery for the axilla. Adjuvant radiotherapy
was performed in 2,539 patients, including 86.4% of patients who
underwent BCS and in 32.1% of patients who received mastectomy.

Patient Characteristics Associated
With First Recurrence Event
After a median follow-up of 47.0 (range: 3.0–122.5) months, 352
(6.8%) patients experienced breast cancer recurrence, including
87 (1.7%) LRR and 265 (5.1%) DM as first recurrence event. The
5-year estimated LRR rate was 2.2% in the whole population:
3.3% in patients receiving BCS and 1.7% in patients receiving
mastectomy. Tumor size, pathological type, histological grade,
LN status, ER status, PR status, Ki67 level, molecular subtype,
surgery of the breast, surgery of the axilla, adjuvant
chemotherapy, adjuvant radiotherapy, and adjuvant endocrine
therapy were differently distributed among patients with no
recurrence, LRR, and DM in the univariate model (all p < 0.05;
Table 1), while no difference was observed in age, menopausal
status, HER2 status, or adjuvant targeted therapy among three
groups (p > 0.05).

Multivariate analysis demonstrated that tumor size (p < 0.001;
Table 2), histological grade (p < 0.001), lymph node status (p <
0.001), molecular subtype (p = 0.005), surgery of the breast (p <
0.001), surgery of the axilla (p < 0.001), and adjuvant
chemotherapy (p = 0.013) were independently associated with
first recurrence events. Comparison between patients with LRR
and recurrence-free showed that tumor size >2.0 cm (OR = 2.13,
95% CI 1.31–3.48, p = 0.002), positive LNs (OR = 3.24, 95% CI
1.75–6.02, p < 0.001), primary BCS (OR = 3.04, 95% CI 1.73–
5.33, p < 0.001), not receiving adjuvant chemotherapy (OR =
2.48, 95% CI 1.37–4.50, p = 0.003), and not receiving adjuvant
radiotherapy (OR = 1.91, 95% CI 1.07–3.42, p = 0.030) were
independent risk factors for LRR. Regarding patients with DM as
first recurrence event, LRR patients had higher rates of BCS
(OR = 3.86, 95% CI 1.96–7.58, p < 0.001), SLNB (OR = 2.80, 95%
CI 1.37–5.75, p = 0.005), not receiving adjuvant chemotherapy
(OR = 2.81, 95% CI 1.37–5.75, p = 0.013), and not receiving
adjuvant radiotherapy (OR = 2.52, 95% CI 1.21–5.20, p = 0.042).

Factors Influencing Salvage Surgery for
Locoregional Recurrence Patients
Forty out of 87 (46.0%) LRR patients received further salvage
surgery. Table 3 summarizes the clinicopathological features
associated with the reception of salvage surgery in LRR
patients. Age at recurrence, primary tumor size, primary
Frontiers in Oncology | www.frontiersin.org 38
lymph node status, primary surgery of the breast and axilla,
and LRR type significantly influenced the choice of surgery for
LRR (p < 0.05; Table 3). Patients with IBTR received more
salvage surgery as compared with LRR patients with chest wall
recurrence or reginal LN recurrence (p < 0.001). Twenty-one out
of 26 (80.8%) patients with IBTR received salvage surgery, all of
whom received mastectomy with or without ALND. Only five
patients with isolated IBTR did not receive surgery for LRR,
including two patients refusing further treatment, two treated
with endocrine therapy but not surgery due to advanced age, and
one participating in a clinical trial of a new drug. Twelve out of
27 (44.4%) patients with chest wall recurrence received extended
tumor excision, while seven out of 34 (20.6%) patients with
regional LN recurrence received LN dissection surgery. Among
27 patients who did not receive surgery for regional LN
recurrence, nine, 17, and one patients were with ALN
recurrence, supraclavicular/infraclavicular LN recurrence, and
internal mammary LN recurrence.

Multivariate analysis showed that primary tumor size (p =
0.039), primary surgery of the axilla (p = 0.006), and LRR type
(p < 0.001) were factors that independently influenced the choice
of surgery for LRR (Table 4). Patients with smaller primary
tumor size, primary SLNB, and IBTR had significantly higher
probability to receive surgical treatment for LRR. Patients with
regional LN recurrence were less likely to receive surgery for LRR
than were patients with IBTR only (OR = 0.07, 95% CI 0.02–0.30,
p < 0.001), while the probability of surgery for LRR was
comparable between patients with chest wall recurrence and
IBTR (OR = 0.36, 95% CI 0.09–1.47, p = 0.155).

Survival Outcome With Different
Recurrence Events
The estimated 5-year OS was 80.7%, 50.3%, and 98.8%
for patients with LRR, patients with DM, and recurrence-free
patients, respectively (p < 0.001, Figure 1). Among the 87
patients with LRR, 26, 27, and 34 patients had IBTR, chest wall
recurrence, and LN recurrence, respectively. During a median
post-recurrence follow-up time of 21.3 (range: 1.0–77.5) months,
30 deaths were recorded. PR-OS curve is shown in Figure 2A.
Patients with LRR as first event had a significantly better PR-OS
than those with DM (3-year PR-OS 75.0% vs. 37.1%; p <
0.001, Figure 2A).

Univariate analysis showed that primary tumor size (p =
0.033; Supplementary Table 1), primary ER status (p = 0.033),
primary surgery of the axilla (p = 0.034), LRR type (regional LN
vs. IBTR only, p = 0.045), and surgery of LRR (p = 0.012) were
factors associated with PR-OS. The estimated 3-year PR-OS was
90.9%, 77.3%, and 60.3% in patients with recurrence type of
IBTR, chest wall, and regional LN, respectively (p = 0.132,
Figure 2B). The estimated 3-year PR-OS was 94.7% in patients
receiving surgery after LRR, which was significantly higher than
that not receiving surgery (60.7%, p = 0.012, Figure 2C). In
multivariate analysis, ER positivity (HR = 0.33, 95% CI 0.12–
0.91, p = 0.033) and salvage surgery of LRR (HR = 0.11, 95% CI
0.02–0.93, p = 0.043) were independently associated with better
PR-OS for LRR patients (Table 5).
October 2021 | Volume 11 | Article 763119

https://www.frontiersin.org/journals/oncology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/oncology#articles


Huang et al. Breast Cancer Locoregional Recurrence
TABLE 1 | Clinicopathological characteristics at initial diagnosis and treatment for primary breast cancer by different first recurrence events.

Total Recurrence-free LRR DM pa

n n (%) n (%) n (%)

Age 0.066
<50 years 1,835 1,701 (92.7) 41 (2.2) 93 (5.1)
≥50 years 3,367 3,149 (93.5) 46 (1.4) 172 (5.1)

Menopausal status 0.526
Pre-menopausal 2,101 1,961 (93.3) 39 (1.9) 101 (4.8)
Post-menopausal 3,101 2,889 (93.2) 48 (1.5) 164 (5.3)

Tumor size <0.001
≤2 cm 3,067 2,936 (95.7) 40 (1.3) 91 (3.0)
>2 cm 2,020 1,804 (89.3) 47 (2.3) 169 (8.4)
NA* 115 110 (95.7) 0 (0.0) 5 (4.3)

Pathological type 0.015
IDC 4,454 4,135 (92.8) 76 (1.7) 243 (5.5)
ILC 149 138 (92.6) 2 (1.3) 9 (6.0)
Other invasive cancer 599 577 (96.3) 9 (1.5) 13 (2.2)

Histological grade <0.001
I–II 2,528 2,402 (95.0) 29 (1.1) 97 (3.8)
III 1,896 1,711 (90.2) 43 (2.3) 142 (7.5)
NA* 778 737 (94.7) 15 (1.9) 26 (3.3)

Lymph node status <0.001
Negative 3,440 3,307 (96.1) 41 (1.2) 92 (2.7)
Positive 1,723 1,512 (87.8) 43 (2.5) 168 (9.8)
NA* 39 31 (79.5) 3 (7.7) 5 (12.8)

ER <0.001
Positive 3,769 3,553 (94.2) 51 (1.4) 165 (4.4)
Negative 1,424 1,288 (90.4) 36 (2.5) 100 (7.0)
NA* 9 9 (100.0) 0 (0.0) 0 (0.0)

PR <0.001
Positive 3,099 2,951 (95.2) 34 (1.1) 114 (3.7)
Negative 2,091 1,887 (90.3) 53 (2.5) 151 (7.2)
NA* 9 9 (100.0) 0 (0.0) 0 (0.0)

HER2 0.403
Negative 3,797 3,553 (93.5) 56 (1.5) 188 (5.0)
Positive 1,181 1,097 (92.9) 24 (2.0) 60 (5.1)
NA* 215 191 (88.9) 7 (3.3) 17 (7.9)

Ki67 <0.001
≤20% 2,734 2,587 (94.6) 37 (1.4) 110 (4.0)
>20% 2,428 2,224 (91.6) 50 (2.1) 154 (6.3)
NA* 40 39 (97.5) 0 (0.0) 1 (2.5)

Molecular subtype <0.001
Luminal A 922 897 (97.3) 6 (0.7) 19 (2.0)
Luminal B HER2− 2,082 1,940 (93.2) 35 (1.7) 107 (5.1)
Luminal B HER2+ 567 542 (95.6) 5 (0.9) 20 (3.5)
HER2 enriched 614 555 (90.4) 19 (3.1) 40 (6.5)
TN 725 652 (90.0) 15 (2.1) 58 (8.0)
NA* 292 264 (90.4) 7 (2.4) 21 (7.2)

Surgery of the breast <0.001
BCS 1,597 1,513 (94.7) 36 (2.3) 48 (3.0)
Mastectomy 3,605 3,337 (92.6) 51 (1.4) 217 (6.0)

Surgery of the axilla <0.001
SLNB 2,563 2,491 (97.2) 33 (1.3) 39 (1.5)
ALND 2,598 2,326 (89.5) 51 (2.0) 221 (8.5)
No surgery 41 33 (80.5) 3 (7.3) 5 (12.2)

Adjuvant chemotherapy <0.001
No 1,636 1,561 (95.4) 33 (2.0) 42 (2.6)
Yes 3,550 3,279 (92.4) 54 (1.5) 217 (6.1)
NA* 16 10 (62.5) 0 (0.0) 6 (37.5)

Adjuvant radiotherapy 0.001
No 2,647 2,500 (94.4) 58 (2.2) 89 (3.4)
Yes 2,539 2,340 (92.2) 57 (2.2) 142 (5.6)
NA* 16 10 (62.5) 0 (0.0) 6 (37.5)

Adjuvant targeted therapy 0.277
No 4,319 4,021 (93.1) 73 (1.7) 225 (5.2)

(Continued)
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DISCUSSION

In this cohort of 5,202 consecutive breast cancer patients, we
showed that LRR after radical surgery in the modern era is
Frontiers in Oncology | www.frontiersin.org 510
relatively low. Clinicopathological factors, including large tumor
size, positive lymph node status, and molecular subtype, were
significantly associated with increased risk of LRR. Primary
surgical treatment for breast or adjuvant chemotherapy or
TABLE 1 | Continued

Total Recurrence-free LRR DM pa

n n (%) n (%) n (%)

Yes 867 819 (94.5) 14 (1.6) 34 (3.9)
NA* 16 10 (62.5) 0 (0.0) 6 (37.5)

Adjuvant endocrine therapy <0.001
No 1,570 1,418 (90.3) 44 (2.8) 108 (6.9)
Yes 3,616 3,422 (94.6) 43 (1.2) 151 (4.2)
NA* 16 10 (62.5) 0 (0.0) 6 (37.5)
October 2
021 | Volume 11 | Article
LRR, locoregional recurrence; DM, distant metastasis; IDC, invasive ductal carcinoma; ILC, invasive lobular carcinoma; NA, not available; ER, estrogen receptor; PR, progesterone
receptor; HER2, human epidermal growth factor receptor 2; TN, triple negative; BCS, breast-conserving surgery; SLNB, sentinel lymph node biopsy; ALND, axillary lymph node dissection.
aCompared between groups by chi-square test.
*Variable NA was not included in the analysis.
TABLE 2 | Multivariate logistic regression of predictors for disease recurrence type*.

Recurrence-free Distant metastasis p

OR (95% CI) p OR (95% CI) p

Tumor size <0.001
>2 cm 1.0 1.0
≤2 cm 2.13 (1.31–3.48) 0.002 1.12 (0.64–1.97) 0.686

Pathological type 0.182
IDC 1.0 1.0
ILC 1.61 (0.28–9.40) 0.593 2.40 (0.32–18.02) 0.394
Other invasive cancer 2.12 (0.63–7.05) 0.222 1.15 (0.27–4.93) 0.846

Histological grade <0.001
I-II 1.0 1.0
III 0.66 (0.38–1.15) 0.145 0.98 (0.53–1.84) 0.961
NA 0.41 (0.13–1.25) 0.116 0.53 (0.14–2.07) 0.361

Lymph node status 0.048
Negative 3.24 (1.75–6.02) <0.001 1.82 (0.89–3.73) 0.103
Positive 1.0 1.0

Molecular subtype 0.005
Luminal A 1.0 1.0
Luminal B HER2− 0.41 (0.16–1.01) 0.052 0.78 (0.27–2.25) 0.642
Luminal B HER2+ 0.89 (0.23–3.40) 0.862 0.96 (0.21–4.32) 0.959
HER2 enriched 0.34 (0.10–1.20) 0.094 0.55 (0.12–2.48) 0.440
TN 0.52 (0.14–1.88) 0.316 1.30 (0.29–5.87) 0.730

Surgery of the breast <0.001
BCS 1.0 1.0
Mastectomy 3.04 (1.73–5.33) <0.001 3.86 (1.96–7.58) <0.001

Surgery of the axilla <0.001
SLNB 1.0 1.0
ALND 0.84 (0.46–1.51) 0.552 2.80 (1.37–5.75) 0.005

Adjuvant chemotherapy 0.013
No 1.0 1.0
Yes 2.48 (1.37–4.50) 0.003 2.81 (1.37–5.75) 0.013

Adjuvant radiotherapy 0.090
No 1.0 1.0
Yes 1.91 (1.07–3.42) 0.030 2.52 (1.21–5.20) 0.042

Adjuvant endocrine therapy
No 1.0 1.0
Yes 2.14 (0.94–4.83) 0.069 1.64 (0.62–4.35) 0.320
OR, odds ratio; CI, confidence interval; LRR, locoregional recurrence; DM, distant metastasis; IDC, invasive ductal carcinoma; ILC, invasive lobular carcinoma; NA, not available; HER2,
human epidermal growth factor receptor 2; TN, triple negative; BCS, breast-conserving surgery; SLNB, sentinel lymph node biopsy; ALND, axillary lymph node dissection.
*Reference category was LRR group.
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TABLE 3 | Univariate analysis for clinicopathological features related to salvage surgery decision for LRR patients.

No surgery Surgery pa

n (%) n (%)

Age at primary diagnosis 0.074
<50 years 18 (43.9) 23 (56.1)
≥50 years 29 (63.0) 17 (37.0)

Age at recurrence 0.028
<70 years 37 (49.3) 38 (50.7)
≥70 years 10 (83.3) 2 (16.7)

Menopausal status at primary diagnosis 0.078
Pre-menopausal 17 (43.6) 22 (56.4)
Post-menopausal 30 (62.5) 18 (37.5)

Tumor size* 0.004
≤2 cm 15 (37.5) 25 (62.5)
>2 cm 32 (68.1) 15 (31.9)

Pathological type* 0.970
IDC 41 (53.9) 35 (46.1)
Other invasive cancer 6 (54.5) 5 (45.5)

Histological grade* 0.078
I–II 14 (48.3) 15 (51.7)
III 28 (65.1) 15 (34.9)
NA 5 (33.3) 10 (66.7)

Lymph node status* <0.001
Negative 14 (34.1) 27 (65.9)
Positive 33 (76.7) 10 (23.3)
NA† 0 (0.0) 3 (100.0)

ER* 0.498
Positive 21 (58.3) 15 (41.7)
Negative 26 (51.0) 25 (49.0)

PR* 0.871
Positive 29 (54.7) 24 (45.3)
Negative 18 (52.9) 16 (47.1)

HER2* 0.461
Negative 33 (58.9) 23 (41.1)
Positive 12 (50.0) 12 (50.0)
NA† 2 (28.6) 5 (71.4)

Ki67* 0.387
≤20% 18 (48.6) 19 (51.4)
>20% 29 (58.0) 21 (42.0)

Molecular subtype* 0.447
Luminal A 2 (33.3) 4 (66.7)
Luminal B HER2− 20 (57.1) 15 (42.9)
Luminal B HER2+ 2 (40.0) 3 (60.0)
HER2 enriched 10 (52.6) 9 (47.4)
TN 11 (73.3) 4 (26.7)
NA† 2 (28.6) 5 (71.4)

Primary surgery of the breast 0.001
BCS 12 (33.3) 24 (66.7)
Mastectomy 35 (68,6) 16 (31.4)

Primary surgery of the axilla 0.001
SLNB 11 (33.3) 22 (66.7)
ALND 36 (70.6) 15 (29.4)
No surgery 0 (0.0) 3 (100.0)

LRR type <0.001
IBTR 5 (19.2) 21 (80.8)
Chest wall 15 (55.6) 12 (44.4)
LNR 27 (79.4) 7 (20.6)

RFI 0.246
≤24 months 21 (61.8) 13 (38.2)
>24 months 26 (49.1) 27 (50.9)
Frontiers in Oncology | www.frontiersin.org
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LRR, locoregional recurrence; IDC, invasive ductal carcinoma; ILC, invasive lobular carcinoma; NA, not available; ER, estrogen receptor; PR, progesterone receptor; HER2, human
epidermal growth factor receptor 2; TN, triple negative; BCS, breast-conserving surgery; SLNB, sentinel lymph node biopsy; ALND, axillary lymph node dissection; IBTR, ipsilateral breast
tumor recurrence; LNR, lymph node recurrence; DM, distant metastasis; RFI, recurrence-free interval.
aCompared between groups by chi-square test.
*Tumor characteristics were from primary breast cancer.
†Variable NA was not included in the analysis.
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radiotherapy also influenced the risk of LRR. Moreover, LRR
patients had higher rates of receiving BCS or SLNB and not
receiving adjuvant chemotherapy or radiotherapy compared
with DM patients. Furthermore, we found that LRR types were
related with salvage surgery choice after LRR. For patients
receiving surgery after LRR, they could achieve an excellent
outcome after recurrence.

According to the Early Breast Cancer Trialists’ Collaborative
Group (EBCTCG) overview, which included trials up to year 2000
evaluating the effects of radiotherapy, the 5-year LRR rate was 7% in
patients after BCS and radiotherapy and 6% in patients after
mastectomy (22). A reduction of LRR has been seen in the recent
years with the improvement in imaging, earlier diagnosis, surgical
planning, and adjuvant therapy for breast cancer patients (5). In our
study, the 5-year LRR rate was 2.8% in the whole population: 3.8%
Frontiers in Oncology | www.frontiersin.org 712
in patients receiving BCS and 2.5% in patients receiving
mastectomy, which were quite low compared with the established
evidence. The low LRR rate highlights the effect of multiple changes
in breast cancer management over the past two decades.

Several clinicopathological factors as well as treatment
patterns were associated with LRR after surgery in early breast
cancer patients. Not surprisingly, in our study, we found that
large tumor size, positive LN status, and primary BCS were
identified as independent risk factors for LRR, which was
consistent with previous studies (23, 24). Meanwhile, adjuvant
chemotherapy and radiotherapy can effectively reduce the risk of
LRR. Neoadjuvant chemotherapy was one of risk factors for local
recurrence as reported by the EBCTCG meta-analysis (25), but
neoadjuvant population was not included in our study.
There was controversy in grouping patients when analyzing
TABLE 4 | Multivariate analysis for clinicopathological features related to salvage surgery decision for LRR patients.

Multivariate analysis

OR (95% CI) p

Age at recurrence (<70 vs. ≥ 70 years) 5.37 (0.58–50.14) 0.140
Tumor size* (<2 vs. ≥2 cm) 3.29 (1.06–10.17) 0.039
Lymph node status* (negative vs. positive) 2.03 (0.52–8.00) 0.312
Primary surgery of the breast (BCS vs. mastectomy) 0.48 (0.06–3.75) 0.484
Primary surgery of the axilla (SLNB vs. ALND) 5.01 (1.60–15.68) 0.006
LRR type
Chest wall only vs. IBTR only 0.36 (0.09–1.47) 0.155
Regional LNR only vs. IBTR only 0.07 (0.02–0.30) <0.001
October 2021 | Volume 11 | Article
LRR, locoregional recurrence; OR, odds ratio; CI, confidence interval; BCS, breast-conserving surgery; SLNB, sentinel lymph node biopsy; ALND, axillary lymph node dissection; IBTR,
ipsilateral breast tumor recurrence; LNR, lymph node recurrence.
*Tumor characteristics were from primary breast cancer. Variable NA was not included in multivariate analysis.
FIGURE 1 | Overall survival by first recurrence event in the whole population. LRR, locoregional recurrence; DM, distant metastasis; No., number.
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the two populations together, since there is discordance of
molecular biomarkers before and after neoadjuvant therapy,
and the staging of patients will change after neoadjuvant
therapy. Also, in neoadjuvant study, we usually use event-free
Frontiers in Oncology | www.frontiersin.org 813
survival to evaluate patients’ outcome, which includes more
information than recurrence-free interval that we evaluated in
adjuvant studies. By reason of the foregoing, we excluded
patients who received neoadjuvant therapy in this study, to
make the evaluation standardized in the whole study population.

We also found that LRR was a less common recurrence event,
as either first recurrence event or subsequent recurrence event
comparing with DM. Few studies directly compared the
difference between patients with different first recurrence
events. Our study demonstrated that LRR patients had higher
rate of receiving primary BCS, primary SLNB, and lower rate of
receiving adjuvant chemotherapy or radiotherapy, indicating
that more effective systemic and local treatment should be
evaluated to further reduce the rate of LRR.

In the modern era of breast cancer treatment, management of
LRR breast cancer patients remained a big challenge due to lower
LRR events, fewer high quality clinical evidence, and relatively hard
to follow-up patients. For patients who developed IBTR after BCS,
the current standard of care is further salvage surgery, including
salvage mastectomy or repeat BCS (26), which can achieve 59% to
90.9% 5-year OS after salvage surgery (11, 27–30). There is also
another special consideration for patients with IBTR that whether it
is “true recurrence” or “new primary,” since new primaries should
theoretically have a prognosis independent of the primary breast
cancer. The rate of new primary breast cancer in patients with IBTR
was 18%–58.9% in published studies (31–34), also strengthening the
reason for surgery of IBTR. For patients with isolated chest wall
recurrence, full-thickness chest wall resection can be performed
with excellent survival and low morbidity. In a recent systematic
meta-analysis of 48 studies accounting for 1,305 patients who
received full-thickness resection for chest wall recurrence, the
mortality was consistently low (<1%), and 5-year OS was 40.8%
(8). Axillary recurrence rates are rare, ranging of 1% to 3% after
adequate management of primary disease (35, 36). Salvage ALND
was the first choice for selected patients and can be performed in
45.5% to 69.5% patients (37, 38). Surgery of LRR might be
encouraged in patients who can achieve R0 resection. In our
study, salvage surgery was performed in 46.0% of LRR patients:
80.8% for IBTR, 44.4% for chest wall recurrence, and 20.6% for
regional LN recurrence. Patients with smaller primary tumor,
receiving primary SLNB, and LRR type were related with the
choice of surgery after LRR. Although the post-LRR follow-up
period is short, and there was selective bias in patients receiving
salvage surgery, we do observe that patients receiving surgery for
LRR achieved a better PR-OS, which emphasized the importance of
surgery as part of multidisciplinary management of LRR patients.

Some limitations of this study exist. The data were collected
retrospectively, which may have led to selection bias. The follow-
up time is relatively short, and only a small number of LRR
events were recorded, given that LRR was less common in
clinical practice. The actual site of recurrence may influence
the possibility of surgery for LRR lesions and were not analyzed
in this study. Details of the recurrence including site and
pathologic features of the recurrent lesion are not completely
collected, and we cannot distinguish whether there is true
recurrence or new primary breast cancer in patients with
A

B

C

FIGURE 2 | Post-recurrence overall survival (PR-OS) by recurrence type.
(A) PR-OS in recurrent patients by first recurrence event. (B) PR-OS in LRR
patients by LRR type. (C) PR-OS in LRR patients receiving or not salvage
surgery for LRR. LRR, locoregional recurrence; DM, distant metastasis; No.,
number; IBTR, ipsilateral breast tumor recurrence; LN, lymph node.
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IBTR. Treatments of LRR out of surgery such as systemic therapy
or radiotherapy and their impact on survival were not recorded
or analyzed in this study. More comprehensive treatment data as
well as longer follow-up are warranted to find the best
management for LRR patients.
CONCLUSION

LRR rate was relatively low in the modern era of breast cancer
treatment cohort. Large tumor size, positive lymph node status,
and treatment strategies were associated with LRR. Moreover,
LRR patients had a higher rate of receiving primary BCS or
SLNB, and not receiving adjuvant chemotherapy or radiotherapy
compared with DM patients. LRR patients treated with salvage
surgery experienced excellent survival, indicating salvage surgery
should play an important role in multidisciplinary treatment of
LRR patients.
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Background: Nanoparticle albumin-bound paclitaxel (nab-paclitaxel) as neoadjuvant
chemotherapy (NAC) for breast cancer remains controversial. We conducted a
retrospective study to compare the efficacy and safety of nab-paclitaxel with those of
docetaxel as neoadjuvant regimens for HER2-negative breast cancer.

Methods: In this retrospective analysis, a total of 159 HER2-negative breast cancer
patients who had undergone operation after NAC were consecutively analyzed from May
2016 to April 2018. Patients were classified into the nab-paclitaxel group (n = 79, nab-
paclitaxel 260 mg/m2, epirubicin 75 mg/m2, and cyclophosphamide 500 mg/m2) and
the docetaxel group (n = 80, docetaxel 75 mg/m2, epirubicin 75 mg/m2, and
cyclophosphamide 500 mg/m2) according to the drug they received for neoadjuvant
treatment. The efficacy and adverse events were evaluated in the two groups.

Results: The pathological complete response (pCR)(ypT0/isN0) rate was significantly
higher in the nab-paclitaxel group than in the docetaxel group (36.71% vs 20.00%;
P = 0.031). The multivariate analysis revealed that therapeutic drugs, lymph node status,
and tumor subtype were the most significant factor influencing treatment outcome. At a
median follow-up of 47 months, disease-free survival (DFS) was not significantly different
in those assigned to nab-paclitaxel compared with docetaxel (82.28% vs 76.25%;
P = 0.331). The incidence of peripheral sensory neuropathy in the nab-paclitaxel group
was higher than that in the docetaxel group (60.76% vs 36.25%; P = 0.008), while the
incidence of arthralgia was observed more frequently in the docetaxel group (57.50% vs
39.97%; P = 0.047).
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Conclusions: Compared with docetaxel, nab-paclitaxel achieved a higher pCR rate,
especially those patients with triple-negative breast cancer or lymph node negative breast
cancer. However, there was no significant difference in DFS between the two groups. This
study provides a valuable reference for the management of patients with HER2-negative
breast cancer.
Keywords: Her-2-negative breast cancer, pathological complete response, neoadjuvant chemotherapy, albumin-
bound paclitaxel, docetaxel
INTRODUCTION

Neoadjuvant chemotherapy (NAC) has become a treatment
option for patients with operable breast cancer (1). NAC
performs as a platform to allow time for genetic testing, allow
rapid assessment of drug efficacy, and provide important
prognostic information (2). After receiving NAC, patients who
attained superior pathological complete response (pCR) have
been found to be associated with an extremely favorable survival
benefit and proposed as a surrogate endpoint for predicting
survival outcomes (3).

Taxane-based regimens are widely used in the NAC of human
epidermal growth factor receptor 2 (HER2)-negative breast
cancer (4). The conventional taxanes include docetaxel and
paclitaxel. The NSABP B27 study found that the addition of
docetaxel notably increased the pCR rate from 13.7% to 26.1%
(5). Docetaxel is extremely hydrophobic and therefore requires a
solvent to allow for parenteral administration. Docetaxel is
formulated in polysorbate 80 and an ethanol diluent. These
solvents are pharmacokinetically active and can cause a
number of adverse reactions, such as hypersensitivity reactions
and peripheral neuropathy (6). Nanoparticle albumin-bound
paclitaxel (nab-paclitaxel) is a unique non-solvent-containing
protein formulation. It can obviate the need for prophylactic
anti-histamine and steroid treatment because of its much lower
risk of hypersensitivity compared with conventional paclitaxel,
although it is prone to causing peripheral neuropathy (7).
Recently, nab-paclitaxel has been developed and administered
to patients with breast cancer (8). Because nab-paclitaxel
facilitates the accumulation of a higher paclitaxel dose into
cancer cells, it has been expected to exert more feasible effects.
Clinical trials of patients with metastatic breast cancer found that
nab-paclitaxel achieves longer survival than docetaxel (9).
However, evidence is insufficient to judge whether nab-
paclitaxel is superior to docetaxel in a neoadjuvant setting. For
example, when nab-paclitaxel is administered on days 1, 8, and
15, every 4 weeks, or docetaxel is administered on day 1, every 3
weeks, there is no difference between treatment groups (10).
However, another study reported that higher PCR rates were
achieved by the nab-paclitaxel group compared with the
icle albumin-bound paclitaxel; pCR,
ease-free survival; NAC, neoadjuvant
progesterone receptor; HER2, human
al response; PD, progressive disease; SD,
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docetaxel regimen, particularly for the TNBC subpopulation
and patients with a high Ki67 level (11). Real-world evidence
of nab-paclitaxel as a NAC option for patients with HER2-
negative breast cancer is limited (12). The response and adverse
event assessments vary in different studies. Thus, to assess the
clinical utility of nab-paclitaxel in NAC, we conducted this
retrospective study to compare the efficacy and toxicity of nab-
paclitaxel-based with those of docetaxel-based regimens used in
patients with HER2-negative breast cancer.
PATIENTS AND METHODS

Patients
This is a retrospective study of HER2-negative breast cancer
patients who received NAC and underwent surgery at the
Affiliated Hospital of Qingdao University. The principle
inclusion criterion was (1) age from 18 to 70 years; (2)
pathologically confirmed invasive breast cancer; (3) HER2-
negative; (4) clinical stage II–III disease; (5) received radical
operation for breast cancer; (6) and received taxane–epirubicin–
cyclophosphamide (TEC) chemotherapy before surgery. The
exclusion criteria for the patients were as follows: (1) received
any type of treatment prior to NAC treatment, including
chemotherapy, targeted therapy, radiotherapy, or endocrine
therapy; (2) with previous or synchronous invasive or in situ
breast cancer, male breast cancer, bilateral breast cancer, or
inflammatory breast cancer; and (3) with acute and chronic
inflammatory disease, autoimmune disease, mental disease,
severe liver, kidney insufficiency, or serious complications.

We included all consecutive patients meeting the inclusion/
exclusion criteria from May 2016 to April 2018. A total of 184
patients were initially identified. Women who did not undergo
radical operation after NAC (n = 3), had treatment records
unavailable (n = 6), had previous breast cancer history (n = 1),
had incomplete six cycles of chemotherapy (n = 12), or were lost
to follow-up (n = 3) were excluded. Finally, 159 breast cancer
patients enrolled in the study. The process of screening and
grouping is shown in Figure 1. Patients were classified into the
nab-paclitaxel group (n = 79) and the docetaxel group (n = 80)
according to the drug they received for treatment. Patients in the
nab-paclitaxel group received six cycles of every 3 weeks (q3w)
nab-paclitaxel 260 mg/m2, epirubicin 75 mg/m2, and
cyclophosphamide 500 mg/m2. In the docetaxel group, the
patients received six cycles of q3w docetaxel 75 mg/m2,
epirubicin 75 mg/m2, and cyclophosphamide 500 mg/m2. NAC
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was delivered according to patients’ specific disease features
following the guidelines of the National Comprehensive
Cancer Network. The physicians modified the regimen doses
and schedules according to the tumor response and side effects.
The docetaxel group received intravenous injection of
dexamethasone before chemotherapy. A prophylactic injection
of granulocyte colony stimulating factor was administered, and
all patients underwent surgery 2–4 weeks after NAC.

Pathological diagnosis was obtained via core needle biopsy
before initiating NAC. Immunohistochemistry (IHC) was used
to assess estrogen receptor (ER), progesterone receptor (PR),
HER2 status, and Ki-67 level. ER- and PR-positive were defined
as ≥1% positively stained tumor cells. HER2 status was evaluated
by IHC and fluorescence in situ hybridization (FISH). HER2-
negative was defined as IHC scoring 1+ or 2+ with FISH non-
amplified based on the American Society of Clinical Oncology
Guidelines. The cells with Ki-67 were counted and expressed
as the percentage of cells with positive nuclear staining among
the total tumor cells. The molecular subtypes of breast cancer
were classified according to the St. Gallen Consensus. All of the
patients were Eastern Cooperative Oncology Group performance
status 0–1. This study was approved by the Medical Ethics
Committee of the Affiliated Hospital of Qingdao University
(QYFY WZLL 26545). Considering the retrospective nature of
this work, the requirement for informed consent was waived for
individual participants as per the committee standards. To
protect the patient’s privacy, we have de-identified all patient
details in this paper.

Response and Toxicity Assessments
Response assessments of NAC by ultrasonography or magnetic
resonance imaging were performed within 1 week before NAC
and before surgery. The pathology reports were reviewed by two
pathologists to determine the pathological response category.
Frontiers in Oncology | www.frontiersin.org 319
The clinical tumor response to NAC was measured using
RECIST 1.1. pCR was defined as no pathologic evidence of a
residual invasive carcinoma in the breast or axillary lymph nodes
(ypT0/isN0 status). Residual ductal carcinoma in situ was
included under pCR. Partial response (PR) was defined as a
decline of at least 30% in tumor maximum diameter, and
progressive disease (PD) was defined as an increase of at least
20% from the baseline in the sum of all tumor diameter
measurements. The disease was categorized as a stable disease
(SD) when CR, PR, or PD was not noted. Patients were
considered responders if they achieved CR or PR.

The treatment-related adverse events were calculated.
Toxicities were graded using the National Cancer Institute
Common Toxicity Criteria version 5.0. According to the
literature, those effects that were reported to be associated with
nab-paclitaxel or docetaxel were examined: leukopenia,
thrombocytopenia, peripheral sensory neuropathy, nausea, oral
mucositis, cardiotoxicity, rash, and arthralgia. All patients were
followed up every 3 months by telephone or outpatient interview
for at least 3 years. The disease-free survival (DFS) was calculated
as the period from the date of surgery to the first observation
of the tumor recurrence (local relapse and/or metastatic
recurrence) or the last follow-up. The reporting of this study
conforms to STROBE guidelines (13).

Statistical Analysis
Patient and tumor characteristics and pCR rates were compared
between groups by Pearson’s c2 test or Fisher’s exact test. The
sample size calculation was performed using the Stata software
system (version 14.0, Stata Corp., College Station, TX, USA).
Hazard ratios (HRs) and 95% confidence intervals (CIs) were
obtained using the stratified Cox proportional hazards model.
The Kaplan–Meier method was used to estimate the
distributions of survival outcomes. Comparisons in survival
rates between the treatment groups were assessed by the
logistic regression analysis. The Cox model was used to control
intergroup confounding prognostic variables. Statistical Package
for Social Sciences (SPSS) (version 19.0, SPSS Inc., Chicago, IL,
USA) was used for the statistical analysis, and P ≤ 0.05 was
considered statistically significant.
RESULTS

Clinicopathological Characteristics
From May 2016 to April 2018, 79 patients who underwent nab-
paclitaxel-based treatment and the other 80 patients who were
administered the docetaxel-based regimens enrolled into the
study and were available for analysis. All patients were
diagnosed with invasive breast carcinoma using core needle
and met the study criteria. The basic clinicopathological
characteristics of all the subjects with breast cancer are shown
in Table 1. The median age was 45 (25–67) years and 47 (27–69)
years in the nab-paclitaxel group and docetaxel group,
respectively. Baseline characteristics were comparable between
the two groups, including age (P = 0.940), tumor size (P = 0.474),
FIGURE 1 | The procedure of screening and grouping patients.
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grade (P = 1.000), lymph node status (P = 0.084), tumor subtype
(P = 0.822), Ki-67 level (P = 0.599), and clinical stage (P = 0.580).

Efficacy
The overall response rates of the nab-paclitaxel and docetaxel
groups were 89.87% (71/79) and 85.00% (68/80); the difference
was not statistically significant (P = 0.492). After NAC, the pCR
rate of the nab-paclitaxel regimens was 36.71% (29/79), which
was higher than the rate of 20.00% (16/80) for the docetaxel
regimens; the difference was statistically significant (P = 0.031)
(Table 2). After subgroup analysis, patients with triple-negative
breast cancer (TNBC) the in nab-paclitaxel group achieved a
higher pCR rate than in the docetaxel group (62.50% vs 22.30%;
P = 0.015). Furthermore, nearly half of the patients with T1–2 in
the nab-paclitaxel group achieved pCR, which was significantly
greater than in the docetaxel group (43.59% vs 19.05%;
P = 0.023). The pCR rate of patients with lymph node negative
in the nab-paclitaxel group was 56.00%, which was significantly
higher than that in the docetaxel group (P = 0.012) (Figure 2).
All of the 159 patients received radical surgery after NAC, 12
patients (15.19%) in the nab-paclitaxel group and 7 patients
(8.75%) in the docetaxel group received breast-conserving
surgery, and the other patients received mastectomy.
Frontiers in Oncology | www.frontiersin.org 420
The results of multivariate logistic regression analysis for the
pCR are shown in Table 3. In the combination analysis, nab-
paclitaxel-based regimens displayed a significantly better pCR
compared with the docetaxel-based regimens (OR, 2.777; 95%
CI, 1.292–5.969; P = 0.009). Among the other four parameters,
lymph node status (negative vs positive) and tumor subtype
(TNBC vs HR+/HER2-) were the significant factor influencing
treatment outcome favoring HER2-negative tumors.
Disease-Free Survival
The DFS analysis between the nab-paclitaxel group and
docetaxel group was examined by using the Kaplan–Meier
method with the log-rank test. After a median follow-up of 47
months, 33 of 159 patients (20.75%) experienced DFS events (14
in the nab-paclitaxel group and 19 in the docetaxel group). DFS
was not significantly different in those assigned to the nab-
paclitaxel group compared with the docetaxel group (82.28%
vs 76.25%; P = 0.331). At the same time, we found that the DFS of
nab-paclitaxel was 83.30% higher than that of 72.70% of
docetaxel in TNBC patients, but the difference was not
statistically significant (P = 0.484). In addition, we found that
the DFS of nab-paclitaxel (81.80%) and docetaxel (77.6%) was
similar in HR+/HER2- patients (P = 0.473). The Kaplan–Meier
curves for DFS are depicted in Figure 3.
TABLE 2 | Pathological response.

Pathological
response

Nab-paclitaxel
(n = 79)

Docetaxel
(n = 80)

c2 P

4.676 0.031
pCR 29 16
Non-pCR 50 64

0.473 0.492
CR+PR 71 68
SD+PD 8 12
FIGURE 2 | Subgroup analysis of pathological complete response rate.
TABLE 1 | Baseline characteristics of patients.

Subgroup Nab-paclitaxel
(n = 79)

Docetaxel
(n = 80)

c2 P

Age (years)
<50 41 43 0.006 0.940
≥50 38 37

Tumor size 0.512 0.474
T1–2 36 42
T3–4 43 38

Grade 0.000 1.000
I–II 39 40
III 40 40

Lymph node
status

2.976 0.084

Negative 25 37
Positive 54 43

Hormone receptor 0.051 0.822
Negative 24 22
Positive 55 58

Ki-67 0.276 0.599
≤20% 16 20
>20% 63 60

Clinical stage 0.307 0.580
II 38 43
III 41 37
TABLE 3 | Multivariate analysis of pCR.

Variable Effect OR (95% CI) P

Treatment Nab-paclitaxel vs docetaxel 2.777 (1.292–5.969) 0.009
Tumor size T1–2 vs T3–4 1.399 (0.658–2.973) 0.382
Grade I–II vs III 1.068 (0.506–2.254) 0.864
Lymph node status Positive vs negative 0.459 (0.215–0.979) 0.044
Tumor subtype HR+/HER2- vs HR-/HER2- 0.375 (0.174–0.808) 0.012
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Safety
Of the159enrolledpatients in the twogroups, all completed six cycles
of NAC. During NAC, 94.94% patients in the nab-paclitaxel group
had at least one drug-related adverse event comparedwith 95.00% of
those treated with docetaxel. Most of the drug-related adverse events
weremild and are listed inTable 4.Neutropenia is themost common
adverse reaction during chemotherapy; the incidence was 86.08% in
the nab-paclitaxel group and 90.00% in the docetaxel group, and
there was no statistical significance between the two groups
(P = 0.420). Peripheral sensory neuropathy (at any grade) occurred
more often in patients allocated to the nab-paclitaxel group (60.76%
vs 36.25%; P = 0.008), whereas the incidence of arthralgia (at any
grade) in the nab-paclitaxel group was lower than in the docetaxel
group (37.97% vs 57.50%; P = 0.047). The other adverse reactions,
suchas thrombocytopenia,nausea,oralmucositis, cardiotoxicity, and
rash, were similar between the two groups, and there was no
significant difference (P > 0.05).
DISCUSSION

Breast cancer has become thefirstmalignant tumor in theworldwith
a high incidence rate (14). NAC, as a platform allowing rapid
Frontiers in Oncology | www.frontiersin.org 521
reduction in tumor size and acquiring of drug sensitivity and
prognosis information, has been increasingly employed in breast
cancer (15). The gold standard for evaluating the efficacy of NAC is
pathological response based on surgical specimens. Patients with
pCR to NAC have been found to be associated with an extremely
favorable survival benefit and proposed as a surrogate endpoint for
predicting survival outcomes (16). Previous studies have revealed an
enhanced delivery of nab-paclitaxel to tumors and less toxicity
compared with docetaxel (17). As for NAC in early breast cancer,
the difference in efficacy between nab-paclitaxel and docetaxel
remains controversial. Therefore, we carried out this real-world
study to retrospectively evaluate the efficacy and toxicity of the
nab-paclitaxel-based and docetaxel-based regimens as NAC for
HER2-negative breast cancer.

For nab-paclitaxel, it has been hypothesized that albumin-
mediated delivery may result in enhanced transport of nab-
paclitaxel to tumors (17) and improved tolerability profile of nab-
paclitaxel compared with that of docetaxel at equimolar doses, with
shorter infusion schedules and no premedication (18). In a trial of
patientswithmetastatic breast cancer, nab-paclitaxel has been shown
to achieve higher response rates and a longer time to progression
compared to paclitaxel (9). The safety profiles of nab-paclitaxel were
acceptable in most trials (19), but the data of head-to-head
A B

C

FIGURE 3 | Kaplan–Meier plots show disease-free survival for the entire (A), TNBC (B), and HR+/HER2- (C) populations.
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comparison between nab-paclitaxel and docetaxel are still lacking.
The present study highlights the real-world clinical benefits and
adverse event profile of nab-paclitaxel administered as a NAC to
patients with HER2-negative breast cancer. In this current study,
among the159breast cancerpatients, thepCRinpatients treatedwith
nab-paclitaxel was 36.71%, and pCR in those treated with docetaxel
was 20.00%. The GeparSepto trial reported pCR rates in their nab-
paclitaxel group of 42.7% for ypT0/isN0, which was much higher
than our results (20). One possible reason is that our patients had a
greater tumor burden, whichmay have reduced the pCR rates. In the
GeparSepto trial, the primary tumor sizewas about 30mmandabout
45% patients were clinically assessed axillary node stage-positive; in
comparison, the tumor size in our study was >40 mm and the
proportion of patients categorized as clinically assessed axillary node
stage-positivewasmuchhigher (68.35%). Furthermore, patientswith
more aggressive tumors seemed to benefit from nab-paclitaxel (21).
Of note, in the GeparSepto trial, the pCR rate almost doubled in the
TNBC cohort treated with nab-paclitaxel compared to that for
paclitaxel. The present results showed that TNBC patients achieved
significantlybetter pCRrateswithnab-paclitaxel thanwithdocetaxel.
ThepCRrate for patientswithTNBC in thenab-paclitaxel groupwas
62.50%, which is higher than what the ETNA trial reported. In the
present study, simultaneous application of taxane–epirubicin–
Frontiers in Oncology | www.frontiersin.org 622
cyclophosphamide may kill tumor cells more quickly and
effectively reduce tumor load, while in the ETNA trial, it was the
sequential application of those drugs. Another explanation could be
that fewer patients enrolled and fewer prognostic events occurred in
our analysis, which may affect the results of this study.

pCR is a strong predictor for favorable long-term prognosis in
breast cancer. Nevertheless, it remains unclear how large a difference
in pCR between nab-paclitaxel and docetaxel can translate into a
difference in long-term clinical outcomes. The GeparSepto trial
demonstrated that the absolute difference between the two
treatment groups needed 20% to result in an improved iDFS (10).
After a median follow-up of 47 months, 33 of 159 patients
experienced DFS events (14 in the nab-paclitaxel group and 19 in
the docetaxel group). Our results also showed that no statistically
significant difference was observed for DFS between the nab-
paclitaxel group and docetaxel group, though a trend of improved
DFS was noted for nab-paclitaxel (82.28% vs 76.25%; P = 0.331).
TNBC patients achieved a better pCR rate; we further analyzed the
prognosis of those patients. Results of TNBC patients in DFS still
showed a trend to favor nab-paclitaxel (83.30% vs 72.70%), but no
statistical significance was found. This is consistent with the finding
from the GeparSepto trial (10). Although in general, individual
patients with a pCR also have an improved DFS, on a study level a
pCR increase does not always translate into a significantly better
long-term outcome. With the development of precision medicine,
individual patient data withmoremolecular informationmight help
dig deeper into the benefit population of nab-paclitaxel in the future.

Previousstudieshavedemonstratedthatnab-paclitaxelhasalmost
identical toxicities as conventional taxanes except peripheral sensory
neuropathy (22). In contrast to docetaxel, nab-paclitaxel does not
utilize non-ionic surfactants to solubilize paclitaxel, which are known
to contribute to toxicity and entrap paclitaxel within solvent-based
micelles (23). Perhaps because nab-paclitaxel delivery is not
complicated by solvents, a higher dose can be administered relative
to docetaxel. TEC was a chemotherapy regimen with serious side
effects, and leukopenia was the most common adverse reaction. In
addition, allergy andvomitingwere also commonadverse effects.The
toxicity profile in the present studywas similar to that reportedby the
GeparSepto (20) and ETNA trials (21). Peripheral sensory
neuropathy was more common in the nab-paclitaxel group, while
neutropenia was common in the docetaxel group. In the GeparSepto
trial, after dose amendment of nab-paclitaxel from150 to 125mg/m2

continuousweekly for12weeks, the frequencyofgrade3–4peripheral
sensory neuropathy in the nab-paclitaxel group decreased from 15%
to 8% (24). In addition, nausea, arthralgia, and rashwere comparable
between the two groups, which was consistent with the results of
previous findings (12). Long-term follow-up would be necessary to
identify symptom relief patterns and their impact on quality of life.

This study had some potential limitations. First, this is a
retrospective study without randomization and it was conducted in
a single institution. As a result, there may be the potential selective
bias and statistical error. Second, it is a small cohort study,whichmay
affect the effectiveness of the results. In the future, a larger sample to
verify the results is necessary. Finally, the follow-up of this study is
relatively short, somore studies with long-time follow-up are needed
to get a more accurate result.
TABLE 4 | Treatment-related adverse events.

Toxicity Nab-paclitaxel
(n = 79)

Docetaxel
(n = 80)

c2 P

Neutropenia 1.734 0.420
0 11 8
1–2 42 38
3–4 26 34

Thrombocytopenia 2.484 0.289
0 33 43
1–2 39 30
3–4 7 7

Nausea 2.941 0.230
0 15 8
1–2 37 38
3–4 27 34

Oral mucositis 0.802 0.669
0 44 46
1–2 27 29
3–4 8 5

Cardiotoxicity 1.097 0.578
0 62 65
1–2 16 15
3–4 1 0

Peripheral sensory
neuropathy

9.700 0.008

0 31 51
1–2 38 24
3–4 10 5

Rash 1.574 0.455
0 65 71
1–2 12 7
3–4 2 2

Arthralgia 6.123 0.047
0 49 34
1–2 26 39
3–4 4 7
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In summary, our real-world study demonstrated that nab-
paclitaxel was an effective cytotoxic drug in NAC for HER2-
negative breast cancer, especially for patients with TNBC or
lymph node negative diseases. However, there was no significant
difference in DFS between the two groups. This study provides a
valuable reference for the management of patients with HER2-
negative breast cancer.
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Introduction: Locoregional recurrent breast cancer indicates poor prognosis. No solid
prediction model is available to predict prognosis and guide clinical management. Prior
local treatment or systemic treatment remains controversial.

Methods: Locoregional recurrent breast cancer patients operated in Fudan University
Shanghai Cancer Center were enrolled as a training cohort. An external validation cohort
included breast cancer patients after locoregional recurrence from Ruijin Hospital,
Shanghai Jiaotong University. A nomogram predicting overall survival after locoregional
recurrence was established using multivariable Cox regression analysis while internal and
external validation were performed to evaluate its calibration and discrimination.

Results: Overall, 346 and 96 breast cancer patients were included in the training cohort
and the validation cohort separately. A nomogram was developed, including age,
neoadjuvant chemotherapy, breast surgery, pathology type, tumor size, lymph node
status, hormonal receptor and Her-2 status, disease-free interval, and sites of
locoregional recurrence. It had modest calibration and discrimination in the training
cohort, internal validation and external validation (concordance index: 0.751, 0.734 and
0.722, respectively). The nomogram classified 266 and 80 patients into low and high-risk
subgroups with distinctive prognosis. Local treatment after locoregional recurrence was
associated with improved overall survival in low-risk group (P = 0.011), while systemic
therapies correlated with better outcomes only in high-risk group (P < 0.001).

Conclusion: A nomogram based on clinicopathological factors can predict prognosis
and identify low and high-risk patients. Local treatment is a prior choice for low-risk
patients whereas systemic treatment needs to be considered for high-risk patients,
warranting further validation and exploration.

Keywords: locoregional recurrence, breast cancer, nomogram, local treatment, systemic treatment
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INTRODUCTION

Breast cancer, the most common malignant tumor in women, was
estimated to have 18.1 million newly diagnosed cases and to cause
9.6 million deaths in 2018 (1). Despite the development and
regulation of standard comprehensive treatment, incidence rates
of locoregional recurrent breast cancer after initial operation and
systemic treatments remain 7%-15% (2–5). Locoregional
recurrence (LRR) from early breast cancer after mastectomy or
breast-conserving treatment (BCT) plus radiotherapy indicated
poor prognosis, whereas locoregional recurrent breast cancers
were more likely to precede local progression and/or distant
metastasis (6, 7). Many previous studies have investigated
predictive factors for the LRR from early breast cancer (8–11).
According to a previous review on the multidisciplinary
management of LRR from breast cancer, it summarized
prognostic factors of LRR from breast cancer into three parts,
including patient factors (age and family history), disease features
[disease-free interval (DFI), biological features, initial disease stage,
and sites of LRR], and previous treatment (initial surgery, systemic
treatment, radiotherapy and resectable surgery after LRR) (12).

Once LRR occurs in patients with breast cancer, whether to
perform chemotherapy and the priority between local treatment
and systemic therapies remain unclear and controversial (13, 14).
There are few prospective clinical cohorts of local treatment or
systemic treatments after LRR to guide clinicians in making
preferable decisions. Unavoidable case-by-case bias in the
treatment choice and efficacy estimation due to the
heterogeneity of recurrent disease and previous treatment is a
major obstacle for starting prospective trials on post-LRR
management. To date, clinicians have usually developed
treatment strategies by multidisciplinary approaches for
recurrent diseases (12, 13, 15). However, it is nearly impossible
for physicians to treat each recurrent case through a
multidisciplinary approach team. Considering these
conundrums, a comprehensive clinical tool such as predictive
models for post-LRR management is critically needed.

Predictive models for post-LRR patients contributed to
therapeutic implications and socioeconomic considerations.
Specifically, patients whose prognosis is poor may be
considered for aggressive treatments, while those with an
expected long-term survival might be saved from
overtreatment and its related financial burden (16, 17).
However, to the best of our knowledge, no previous study has
included comprehensively significant prognostic factors to
develop and externally validate predictive models for post-LRR
breast cancer patients. Therefore, this study aims to derive and
validate a predictive model using significant clinicopathological
factors to guide clinical decision-making.
MATERIALS AND METHODS

Study Design and Participants
A retrospective two-cohort study was performed to investigate
the prognosis of patients with breast cancer and the significance
Frontiers in Oncology | www.frontiersin.org 226
of local treatment and systemic treatment after LRR were
evaluated. Patients with locoregional recurrent breast cancer
treated between December 2007 and August 2020 in Fudan
University Shanghai Cancer Center (FUSCC), Shanghai, China,
were retrospectively included as a training cohort. An internal
validation cohort was created by 500 bootstrap resamples of the
training cohort. In addition, 96 patients with recurrent breast
cancer were enrolled from the Comprehensive Breast Health
Center, Ruijin Hospital, Shanghai Jiaotong University School of
Medicine (RJCBHC), between January 2009 and December 2018
as an external validation cohort. The inclusion criteria were as
follows: 1) patients with primary or recurrent breast cancer who
were admitted to FUSCC; 2) the presence of pathologically
confirmed breast cancer; 3) locoregional recurrence of breast
cancer; and 4) completed breast operation (mastectomy or BCT).
The exclusion criteria were described in the Supplementary
Figure S1 and included: 1) phylodes tumors; 2) without
completed clinical or pathological data; 3) with distant
metastasis before LRR or with the first LRR; 4) male breast
cancer; 5) highly suspected second primary lesions.

Baseline Characteristics, Follow-Up
and Outcome
Patients’ characteristics in the training cohort and external
validation cohort, including age at diagnosis of breast cancer
(≤ 35, 35-70 or ≥ 70 years old), body mass index, menopausal
status, neoadjuvant chemotherapy (NACT) received or not,
initial breast operation (mastectomy or BCT), initial axillary
operation (axillary lymph node dissection or sentinel lymph
node biopsy), histology grade (I, II, III), pathology [ductal
carcinoma in situ, invasive ductal carcinoma (IDC), invasive
lobular carcinoma and other types], tumor size (≤ 2.0 cm or >
2.0 cm), numbers of metastatic lymph nodes (LNs) after initial
operation (0, 1-3, 4-10, or >10), estrogen receptor (ER) status,
progesterone receptor (PR) status, hormonal receptor (HR)
status and human epidermal growth factor receptor-2 (Her-2)
status, DFI (≤ 2 years or > 2 years), and sites of LRR (chest wall,
breast, nodal recurrence, and multiple sites), are displayed in
Table 1. Treatment therapies after initial operation and after
LRR were showed in the Supplementary Table S1.

ER and PR positivity were defined according to our previous
studies (18). HR positivity was defined as the positivity of either
ER or PR. The DFI was calculated from the time interval from
the initial operation to the occurrence of the first LRR. LRR
referred to breast cancer recurrence in the ipsilateral chest wall or
breast or regional lymph nodes (axillary lymph node, clavicular
lymph node and internal mammary lymph node) after excluding
highly suspected second primary lesions. Besides, highly
suspected second primary lesions were defined as that the
recurrent tumors were found in the different quadrant or far
from the primary tumor scar in isolated ipsilateral local recurrent
patients (breast and chest wall), and patients with inconsistent
immunohistochemistry status in reginal nodal recurrent patients
(12). Multiple sites indicated that recurrent sites occurred in
more than one region mentioned above. Distant metastasis (DM)
referred to tumor recurrence outside the locoregional areas
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mentioned above. Patients were censored when DM or death
occurred or were lost to follow-up. Distant disease-free survival
(DDFS) and overall survival (OS) after LRR were calculated from
the time of the first LRR.

Statistical Analysis
Comparison of clinicopathological characteristics was evaluated
using the c2 test or Fisher’s exact test for categorical variables
between the training cohort and validation cohort. DDFS and OS
were evaluated using the Kaplan-Meier method, and the
differences were compared using the unstratified log-rank test.
Univariate and multivariate Cox regression were used to screen
the risk factors. LASSO Cox regression analysis was
implemented to further confirm the candidate prognostic
factors and complete the construction of the predictive model.

A nomogram predicting OS was formulated based on the
results of multivariate analysis and expert consensus. Model
performance was assessed in the training cohort, internal
validation cohort and external validation cohort through
discrimination and calibration. Discrimination ability was
assessed by receiver operating characteristic (ROC) analysis, and
predictive accuracy was measured using the concordance index
(C-index). The C-index ranges from 0.5 to 1.0 (random to perfect
prediction) (19). Calibration analysis was performed through the
comparison between predicted probabilities and actual
probabilities. For predictive factors included in the nomogram,
each value represented a score on the point axis. A total score is
calculated by adding the scores for each item and locating this sum
on the total point scale axis. The three vertical lines can be used to
predict the probability of OS within 1 year, 2 years and 3 years
(Figure 1). We used X-tile, a type of bioinformatics tool, to
determine the appropriate cutoff points of predictive scores to
stratify patients into low-risk and high-risk subgroups (20). All
hypothesis tests were two-sided, and P < 0.05 was considered
statistically significant. Statistical analyses were performed using
SPSS statistical software (v22.0) and R statistical software (v3.5.2).
The R packages used in this study are as follows: ‘survival’,
survminer’, ‘rms’, ‘riskRegression’, ‘maxstat’, ‘pROC’, ‘plotROC’,
‘ggplot2’, and ‘nomogramFormula’.
RESULTS

Baseline Characteristics
A total of 346 patients in the training cohort and 96 patients in
the external validation cohort who underwent mastectomy or
BCT were included in the final analysis. The median follow-up
after the initial operation was 57.1 months (range 5.3-152.3
months) in the FUSCC cohort and 49.8 months (range 12.77-
113.57 months) in the RJCBHC cohort. Clinicopathological
characteristics were similar between the training cohort and
external validation cohort except for pathology and PR status
(Table 1). Most of the patients had IDC in the external validation
cohort, while the proportion of IDC in the training cohort was
obviously lower (90.6% vs 74.6%, P < 0.001). In addition,
therapeutic choices seemed to be significantly different between
these two cohorts (Supplementary Table S1). The median
TABLE 1 | Baseline characteristics of breast cancer patients with LRR.

Variable Training cohort
(%) N = 346

External validation
cohort (%) N = 96

P value

Age at the diagnosis of breast cancer, year 0.671
≤35 35 (10.1%) 11 (11.5%)
35-70 277 (80.1%) 73 (76.0%)
≥70 34 (9.8%) 12 (12.5%)

BMI 0.838
≤25 263 (76.0%) 72 (75.0%)
>25 83 (24.0%) 24 (25.0%)

Menopausal status 0.400
Premenopausal 142 (41.0%) 44 (45.8%)
Postmenopausal 204 (59.0%) 52 (54.2%)

Received NACT
before surgery

0.310

No 272 (78.6%) 80 (83.3%)
Yes 74 (21.4%) 16 (16.7%)

Initial breast
operation

0.093

BCT 89 (25.7%) 33 (34.4%)
Mastectomy 257 (74.3%) 63 (65.6%)

Initial axillary
operation

0.115

Only SLNB 100 (28.9%) 38 (39.6%)
ALND ± SLNB 238 (68.8%) 55 (57.3%)
No axillary

operation
8 (2.3%) 3 (3.1%)

Histology grade 0.643
I 1 (0.3%) 1 (1.0%)
II 100 (28.9%) 29 (30.2%)
III 168 (48.6%) 49 (51.0%)
Unknown 77 (22.3%) 17 (17.7%)

Pathology <0.001***
IDC 258 (74.6%) 87 (90.6%)
ILC 5 (1.4%) 4 (4.2%)
Others 83 (24.0%) 5 (5.2%)

Tumor size, cm 0.567
≤2.0 170 (49.1%) 44 (45.8%)
>2.0 176 (50.9%) 52 (54.2%)

Positive LN 0.317
0 164 (47.4%) 46 (47.9%)
1-3 82 (23.7%) 24 (25.0%)
4-9 59 (17.1%) 10 (10.4%)
≥10 41 (11.8%) 16 (16.7%)

ER status 0.920
Negative 171 (49.4%) 48 (50.0%)
Positive 175 (50.6%) 48 (50.0%)

PR status 0.011*
Negative 195 (56.4%) 68 (70.8%)
Positive 151 (43.6%) 28 (29.2%)

HR status 0.726
Negative 166 (48.0%) 48 (50.0%)
Positive 180 (52.0%) 48 (50.0%)

HER-2 status 0.979
Negative 241 (69.7%) 67 (69.8%)
Positive 105 (30.3%) 29 (30.2%)

DFI to LRR 0.999
≤2 year 191 (55.2%) 53 (55.2%)
>2 year 155 (44.8%) 43 (44.8%)

Sites of LRR 0.441
Chest wall 129 (37.3%) 25 (26.0%)
Breast 64 (18.5%) 33 (34.4%)
Nodal recurrence 123 (35.5%) 31 (32.3%)
Multiple sites 30 (8.7%) 7 (7.3%)
*indicates P < 0.05; ***indicates P < 0.001.
ALND, Axillary lymph node dissection; BCT, Breast-conserving treatment;
BMI, Body mass index; DCIS, Ductal carcinoma in situ; DFI, Disease-free Interval;
ER, Estrogen receptor; Her-2, Human epidermal growth factor receptor-2;
HR, Hormonal receptor; IDC, Invasive ductal carcinoma; ILC, Invasive lobular carcinoma;
LN, Lymph node; LRR, Locoregional recurrence; NACT, Neoadjuvant chemotherapy treatment;
PR, Progesterone receptor; SLNB, Sentinel lymph node biopsy.
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follow-up period after LRR was 29.1 months (range 0.1-134.4
months), while it was 25.1 months (range 3.4-85.8 months) in
the external validation cohort. There were obviously higher death
and DM rates in the training cohort (death rate: 33.5% vs 14.6%;
DM rate 30.1% vs 6.3%).

Identified Prognostic Factors for
Post-LRR Outcomes
The results of the univariate analysis and potential high-risk
factors are listed in Supplementary Table S2. Multivariate
analyses demonstrated that age group, NACT, pathology type,
larger tumor size, metastatic lymph nodes, HR status, and Her-2
status were significantly associated with poor prognosis for post-
LRR patients (Table 2).

Performance of the Predictive Nomogram
According to the high-risk factors identified in previous studies
(12, 21), a nomogram predicting the probability of OS based on
multivariate Cox regression analysis and expert opinions was
constructed (Figure 1). A total score was calculated using age
at the diagnosis of breast cancer, received NACT or not,
pathology types, tumor size, number of positive lymph nodes,
HR status, HER-2 status, type of initial breast operation, DFI,
and location of LRR. Discrimination assessment showed good
Frontiers in Oncology | www.frontiersin.org 428
performance of the model (C-index: 0.751 and AUC: 0.775
[0.705-0.845]) and stable agreement (C-index: 0.734 and AUC:
0.774 [0.710-0.838]) in the original training and internal
validation cohorts, respectively. However, this nomogram
seemed to underestimate the OS probability (C-index: 0.722
and AUC: 0.679 [0.536-0.823]) in the external validation
cohort (Supplementary Figure S2).

Clinical Implications of the
Predictive Nomogram
Stratified by the nomogram model, we divided post-LRR patients
into a low-risk group and a high-risk group (the cutoff point was
441.4). Stratification into low-risk and high-risk subgroups allowed
significant distinction between the Kaplan-Meier curves for survival
outcomes in both the training cohort and the external validation
cohort (Figure 2). Clinicopathological characteristics were
significantly different between the low-risk group and the high-
risk group in the training cohort (Supplementary Table S3). Most
high-risk patients presented with negative HR and Her-2 status
(80.0% and 83.8%, respectively), while more than half (61.7%) were
luminal breast cancer patients in the low-risk group.

To evaluate the priority of different treatment therapies after
LRR, we examined the association of different therapies and
prognosis in low-risk and high-risk patients. Figure 3 indicates
FIGURE 1 | Proposed nomogram using the training cohort to predict the probability of overall survival (OS) after locoregional recurrence (LRR). NACT, Neoadjuvant
chemotherapy treatment; LN, Lymph node; HR, Hormonal receptor; HER-2, human epidermal growth factor receptor-2; LRR, Locoregional recurrence; DFI, Time
interval from initial surgery to the LRR.
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the significance of local treatment in the low-risk group and
systemic treatment in the high-risk group (HR: 0.513 [0.303-
0.856] and 0.182 [0.085-0.387]). Specifically, resectable surgery
seemed to be associated with longer survival for low-risk patients
(HR: 0.548, P = 0.029) (Supplementary Table S4). Interestingly,
chemotherapy and hormonal therapy in the high-risk group
improved OS (HR: 0.386 and 0.200, P = 0.011 and 0.001,
respectively). In contrast, chemotherapy seemed to not be
associated with improved OS in the low-risk group, while
resectable surgery did not correlate with better prognosis for
high-risk patients. No significant benefits in OS were observed
for radiotherapy in either the low-risk or high-risk group.
However, radiotherapy following LRR was correlated with
Frontiers in Oncology | www.frontiersin.org 529
increased DDFS in the low-risk group but not in the high-risk
group (P = 0.024 and 0.623, respectively) (Supplementary
Figure S3).

To conclude that a schematic diagram of clinical management
of post-LRR breast cancer patients based on the nomogram is
illustrated (Figure 4A). Once locoregional recurrent breast
cancer patients come to clinic, the nomogram could stratify
these patients into low-risk or high-risk groups and provide prior
treatment strategies for them. Furthermore, it is displayed that
there are several examples of low-risk or high-risk patients in
real-world practice (Figure 4B). For these two high-risk cases,
multiple recurrent sites, negativity of Her-2, and short DFI were
observed. However, it is inconsistent with our previous
TABLE 2 | Multivariate cox regression analysis of prognostic factors in the training cohort.

Variable Distant-disease free survival (DDFS) Overall survival (OS)

Hazard Ratio 95% Confidence Interval P value Hazard Ratio 95% Confidence Interval P value

Age of diagnosis of breast cancer, yrs
35-70 1.000 (reference) — — 1.000 (reference) — —

≤35 1.358 0.834-2.210 0.218 1.234 0.685-2.223 0.484
≥70 1.830 1.066-3.144 0.029* 2.219 1.205-4.087 0.011*

Receive NACT
No 1.000 (reference) — — 1.000 (reference) — —

Yes 1.793 1.216-2.643 0.003** 1.519 0.950-2.430 0.081
Initial breast operation
BCT 1.000 (reference) — — 1.000 (reference) — —

Mastectomy 1.096 0.572-2.100 0.783 2.102 0.756-5.844 0.154
Pathology
IDC 1.000 (reference) — — 1.000 (reference) — —

ILC 1.014 0.243-4.237 0.984 1.000 0.134-7.443 1.000
Others 0.562 0.372-0.851 0.006** 0.485 0.289-0.813 0.006**

Tumor size
≤2.0 1.000 (reference) — — 1.000 (reference) — —

>2.0 1.479 1.042-2.101 0.029* 1.438 0.945-2.187 0.090
Number of positive LNs
0 1.000 (reference) — — 1.000 (reference) — —

1-3 1.648 1.088-2.494 0.018* 1.924 1.155-3.207 0.012*
4-9 2.058 1.276-3.320 0.003** 2.189 1.232-3.890 0.008**
≥10 2.527 1.543-4.141 <0.001*** 2.601 1.453-4.656 0.001**

HR status
Negative 1.000 (reference) — — 1.000 (reference) — —

Positive 0.540 0.324-0.899 0.018* 0.273 0.142-0.523 <0.001***
Her-2 status
Negative 1.000 (reference) — — 1.000 (reference) — —

Positive 0.495 0.341-0.720 <0.001*** 0.415 0.263-0.653 <0.001**
Adjuvant radiotherapy
No 1.000 (reference) — — 1.000 (reference) — —

Yes 0.686 0.480-0.981 0.039* 0.676 0.444-1.029 0.068
Hormonal therapy
No 1.000 (reference) — — 1.000 (reference) — —

Yes 1.597 0.955-2.672 0.074 1.678 0.889-3.169 0.110
DFI to LRR
≤2, yrs 1.000 (reference) — — 1.000 (reference) — —

>2, yrs 0.770 0.546-1.087 0.138 0.662 0.443-1.012 0.057
Locoregional recurrence sites
Breast 1.000 (reference) — — 1.000 (reference) — —

Chest wall 1.230 0.553-2.737 0.611 0.894 0.280-2.850 0.849
Nodal recurrence 1.188 0.567-2.490 0.648 0.563 0.184-1.720 0.313
Multiple sites 1.689 0.715-3.993 0.232 1.280 0.372-4.403 0.696
F
ebruary 2022 | Volume 11 | Artic
*indicates P < 0.05; **indicates P < 0.01; ***indicates P < 0.001.
NACT, Neoadjuvant chemotherapy treatment; BCT, Breast-conserving treatment; IDC, Invasive ductal carcinoma; ILC, Invasive lobular carcinoma; LN, Lymph node; HR, Hormonal
receptor; Her-2, human epidermal growth factor receptor-2; DFI, Disease-free Interval; LRR, Locoregional recurrence.
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perception, post-LRR luminal breast cancer patient (Case 3) with
only one positive lymph node is regarded as a high-risk patient.
Case 3 was still alive after receiving chemotherapy and hormonal
therapy while case 4 only receiving radiotherapy was died within
4 months after LRR. This indicated the huge significance of
systemic therapies for high-risk patients.
DISCUSSION

Our study demonstrated the relative importance of a breadth of
high-risk prognostic variables for locoregional recurrent breast
cancer patients, such as age at diagnosis of breast cancer, NACT,
pathology type, tumor size, number of metastatic LNs, HR status,
and Her-2 status. Furthermore, we constructed a nomogram to
target and stratify patients into low-risk and high-risk subgroups.
Local treatment was found to be correlated with improved
survival in the low-risk group but not in the high-risk group.
In contrast, systemic treatment is associated significantly
improved OS only for high-risk patients. We expect that this
predictive nomogram will prove helpful in further clinical
practice on post-LRR management.

The nomogram reported and validated here was constructed
to quantify the risks of several clinical profiles mentioned above.
Frontiers in Oncology | www.frontiersin.org 630
Through the nomogram, we found that the occurrence of LRR in
multiple sites, 10 or more metastatic lymph nodes and age
greater than 70 years were prognostic factors for poor OS.
Similar findings were observed in previous studies (21–23).
Interestingly, mastectomy was found to be a high-risk factor
for post-LRR outcomes in the nomogram. The Danish 82b/c
trials and another postmastectomy trial in British Columbia also
found that the development of LRR and receipt of initial
mastectomy were likely to precede metastatic disease (24, 25).
Hence, prognosis of patients with LRR was significantly
correlated with therapeutic choices before the occurrence of
LRR. A consistent finding was noted in a recent clinical trial
that intraoperative radiotherapy before LRR could achieve better
prognosis compared to those receiving whole-breast external
beam radiotherapy before (26). A previous risk stratification
system using three robust risk factors, including positive LN
status vs negative, DFI < 30 months vs ≥ 30 months and regional
LN recurrence vs local recurrence, could guide patients in
making a choice with estimated survival (21). However, in our
nomogram, nodal recurrence seemed to be a protective factor for
post-LRR patients. A possible explanation for this was the
heterogeneity of different nodal recurrences. The survival data
of the training cohort indicated that the OS of internal mammary
LN and axillary LN recurrence was significantly better than that
of chest wall recurrence, while clavicular LN recurrence showed
an obviously adverse prognosis (Supplementary Figure S4).
Furthermore, axillary recurrence was observed as a worse
prognostic factor compared to those isolated breast
recurrences. Jin et al. indicated a consistent finding that the 5-
year OS of isolated breast recurrence was significantly higher
than that of axillary nodal recurrence (100% vs 73.5%,
p=0.021) (27).

Using another similar risk stratification system, Byoung Hyuck
Kim et al. screened and targeted post-LRR patients with long-term
survival through the initial pN stage, DFI interval and whether to
perform resectable excision after LRR (15). Our study constructed a
nomogram using more prognostic factors with internal and external
validation to quantify the impacts of these prognostic factors in
predicting OS. Moreover, it could estimate the probability of OS for
patients and help them achieve a balance between potential benefits
from treatments and socioeconomic factors such as financial cost
and family considerations (28, 29). After further analysis on two
different types of isolated local recurrence separately, similar
findings were observed compared to the results reported above,
which might demonstrate the stability of this predictive model
(Supplementary Table S5).

The latest ESO-ESMO consensus for advanced breast cancer
supported surgical excision if feasible for patients and if the
recurrent sites are resectable (13). No surprisingly, resectable
surgery was found to be associated with better OS in the low-risk
group. However, some local recurrences involve extensive chest
wall recurrence, and some regional recurrences occurring in
surgically inaccessible sites cannot receive resectable surgery in
the clinic. Anders N. Pedersen et al. found that the complete
remission rate in resectable surgery was obviously higher than
that in patients not given surgery (76% vs 43%, P < 0.0001) (30).
A

B

FIGURE 2 | Kaplan-Meier curves of overall survival (OS) of different risk
groups in (A) the training cohort and (B) the external validation cohort.
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In contrast, previous studies suggested that favorable prognosis
correlated with the availability of resectable surgery (12, 31).
Therefore, it is still unclear whether resectable surgery or
resectable LRR originally contributed to a better prognosis.
Radiotherapy was indicated for patients not previously
irradiated, and the standard of reirradiation was still
controversial (13). Through this nomogram, we could target
patients with an expected poor prognosis (low-risk group).
Further univariable analysis proved the significance of local
treatment for low-risk patients. Although radiotherapy could
not significantly improve OS, it was found to have a positive role
in prolonging DDFS in the low-risk group (Supplementary
Figure S3). Low-risk patients seemed to not obtain significant
benefits from chemotherapy and other systemic treatments. Our
findings were not only consistent with previous studies (26, 32)
but also provided new therapeutic approaches for post-
LRR patients.

In contrast, chemotherapy was only found to be correlated
with longer survival for high-risk patients in our study. This
finding was consistent with the risk stratification study
mentioned above (15). Previously, the CALOR trial confirmed
the positive role of chemotherapy in ER-negative patients but not
in ER-positive patients (33). Owing to the limitations of the
Frontiers in Oncology | www.frontiersin.org 731
CALOR trial, it should not be concluded that all ER-positive
patients cannot gain benefits from chemotherapy (33).
Therefore, this study provides a new strategy to determine
whether to use chemotherapy. Furthermore, except for
chemotherapy, other systemic treatments should be considered
based on their previous medical history and patient status (12,
13, 32). Tamoxifen improved the 5-year DFS of ER-positive LRR
patients in the SAKK 23/82 trial (34). To date, no prospective
trial has investigated the role of anti-Her-2 targeted therapy in
Her-2-positive LRR patients. However, most experts still
recommend the use of anti-Her-2 targeted therapy for post-
LRR patients with Her-2 positivity as a standard treatment. Thus,
with the combination of our findings and previous studies as well
as expert consensus, physicians need to perform systemic
therapies once patients meet the high-risk status in the clinic.
This study also offers several real-world cases of both low and
high-risk patients with therapeutic choices and survival after
LRR to further support the clinical strategies mentioned
above (Figure 4B).

To the best of our knowledge, this is the first study to establish
a nomogram using many important prognostic factors from a
relatively large training cohort accompanied by external
validation to estimate the prognosis of post-LRR breast cancer
A

C

B

D

FIGURE 3 | Univariate Cox regression analysis of local treatment and systemic treatment in low and high-risk groups from the training cohort. (A) Local treatment in
low-risk group; (B) systemic treatment in low-risk group; (C) local treatment in high-risk group; (D) systemic treatment in high-risk group.
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patients. This nomogram showed modest performance and
generalization in both internal and external validation.
Moreover, based on the estimation of survival probability,
patients could be divided into two different groups and had
corresponding therapeutic strategies. Patients could clearly
consider and decide their own treatment therapies according to
the expected survival reported by the nomogram and
their willingness.

Despite these important advantages, this study had several
limitations. First, as a retrospective study, it would unavoidably
have selection bias. It was also unable to investigate the
correlation between clinicopathological factors and occurrence
of LRR after initial surgery without the clinical data of all patients
treated in the same period. Second, therapeutic choices and
incidence rates of events were obviously different between the
training and external validation cohorts, causing worse
agreement in the external validation. Third, owing to the
technical limitation, it’s inevitable to exclude all second
primary breast tumor patients apart in our study. Finally, our
nomogram dealt only with clinicopathologic profiles and needed
longer follow-up. This nomogram should be applied with
caution until validated in a randomized clinical trial with
different treatment strategies in the future.
Frontiers in Oncology | www.frontiersin.org 832
CONCLUSION

The post-LRR predictive nomogram was developed and
externally validated for patients with breast cancer and could
guide oncologists in making prognosis-related clinical decisions.
Local treatments following LRR could be initial choices rather
than systemic treatment for low-risk patients, while systemic
treatment might be considered once identified as high-
risk patients.
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Purpose: This self-controlled study aimed to clarify whether indocyanine green (ICG)
could be an alternative tracer in the absence of radioisotope (RI) for combined imaging of
axillary sentinel lymph node (SLN) in breast cancer.

Methods: Primary breast cancer, clinically axillary node-negative patients (n = 182) were
prospectively enrolled from March 2015 to November 2020. ICG, methylene blue (MB),
and RI were used to perform axillary sentinel lymph node biopsy (SLNB). The main
observation index was the positivity of ICG + MB vs. RI + MB in axillary SLNB; the
secondary observation indicators were the axillary SLN detection rate, mean number of
axillary SLNs detected, mean number of metastatic axillary SLNs detected, and safety.

Results: All 182 patients had axillary SLNs; a total of 925 axillary SLNs were detected.
Pathological examination confirmed metastatic axillary SLN in 42 patients (total of 79
metastatic SLNs). Positivity, detection rate of SLNs, detection rate of metastatic SLNs,
and the number of metastatic SLNs detected were comparable with RI+MB and ICG+MB
(p > 0.05). The mean number of axillary SLNs detected was significantly higher with ICG
+MB than with RI+MB (4.99 ± 2.42 vs. 4.02 ± 2.33, p < 0.001). No tracer-related adverse
events occurred.

Conclusions: ICG appears to be a safe and effective axillary SLN tracer, and a feasible
alternative to RI in combined imaging for axillary SLN of breast cancer.

Keywords: breast cancer, indocyanine green, radioisotope, combined imaging, sentinel lymph node biopsy
INTRODUCTION

Sentinel lymph node biopsy (SLNB) for breast cancer is a minimally invasive technique that can
provide accurate axillary staging (1, 2). When SLNB is negative, axillary lymph node dissection
(ALND) (1, 3, 4) can be avoided, and the patient is spared the suffering caused by complications
such as upper limb lymph edema, nerve damage, local pain, numbness, and shoulder stiffness (1).
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A key factor for the accuracy of axillary SLNB is the tracer that is
used (5). Currently, the commonly used tracers are radioisotope
(RI), blue dye, and RI plus blue dye (dual-tracer method). The
American Society of Clinical Oncology (ASCO) recommends the
dual tracer method for axillary SLNB because of its high
detection rate (>90%), low false-negative rate (5%–10%), and
the short learning curve (6). However, high cost, radiation
exposure, relatively complicated surgical preparations, painful
preoperative injections, and the need for nuclear medicine
personnel are some of the disadvantages associated with RI use
(7). In addition, the RI method cannot provide clear and intuitive
visual guidance during the surgery and may therefore impair the
surgeon’s ability to locate the sentinel lymph node. With the
increasing demand for day surgery, the relatively long time taken
for the application of RI tracing cannot be ignored either (8).
Therefore, there is much ongoing research to identify lymphatic
tracers that could replace RI.

In recent years, indocyanine green (ICG), a common near-
infrared fluorescent tracer, has been increasingly used in axillary
SLNB; the advantages are lack of radiation exposure, ease of use, and
a short learning curve. The passage of ICG through the lymphatic
vessels can be visualized in real time, greatly facilitating surgery and
shortening operation time. There is also no “blue tattooing” or blue
dye pollution in the operation area (9, 10). The success rate with
ICG has been found to be higher than that with blue dye and
comparable to that with RI (11). In a previous prospective
controlled study, we obtained comparable results with the
combination of ICG plus methylene blue (MB) and RI plus MB
(12). However, some authors have found that body mass index is
significantly related to the detection of ICG fluorescence in skin
lymphatic vessels, and age and obesity may reduce the probability of
successful axillary SLNB (3, 13–16).

This prospective study aimed to clarify whether ICG could be
an alternative tracer in the absence of RI for axillary SLN
mapping in breast cancer. We compared the efficacies of ICG
+MB with RI+MB for detection of axillary SLN in early breast
cancer patients; to avoid the effects of BMI, age, and anatomical
Frontiers in Oncology | www.frontiersin.org 236
variations of the lymphatic system, we adopted a self-
controlled protocol.
PATIENTS AND METHODS

Patients
Between March 2015 and November 2020, a total of 182 patients
with primary breast cancer scheduled to undergo axillary SLNB
were enrolled in this study. All patients had diagnosis confirmed
by core needle biopsy and were clinically and radiologically
lymph node negative. Patients with clinically or radiologically
suspicious lymph nodes, inflammatory breast cancer, distant
metastases, previous axillary surgery, or hypersensitivity to
iodine or ICG were excluded from the study (Figure 1).

This study was approved by the Medical Ethics Committee of
the Southwest Hospital, Third Military Medical University
(Army Medical University), Chongqing, China (clinical trial
registration no. ChiCTR2000030729). All patients signed
informed consent forms before the operation. This study
strictly followed the Declaration of Helsinki and relevant
clinical trial specifications, laws, and regulations.

Reagents and Equipment
The tracers used in this study were 1% MB solution (Jumpcan
Pharmaceutical Group Co., Ltd., Taixing, China); 99Tcm-
colloids (3.7×107 Bq, Shihong Pharmaceutical, Beijing, China);
and 1.25% ICG solution (Dandong Pharmaceutical Co., Ltd.,
Liaoning, China). The fluorescent vascular imaging system
(MDM-I, Mingde, Langfang, China) and Neo2000 Gamma
Detection System (Neoprobe Corporation, OH, USA) were
used to detect the signal of ICG-positive and RI-positive
lymph nodes.

Procedure
This study was a self-controlled trial. Confounding factors such
as BMI, age, and individual differences in lymphatic anatomy
FIGURE 1 | Flow diagram.
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were reduced by the use of three different tracers, indocyanine
green, radioisotope, and methylene blue, in the same patient. The
tracers were injected into the subareolar area; 1 ml of RI was
injected subdermally 4–12 h before surgery, 1 ml of 1% MB was
injected subdermally in the disinfected periareolar region 10 min
before surgery, and 1 ml of 1.25% ICG was injected intradermally
5 min before surgery, followed by massage for another 5 min
(12). Lymph nodes were detected by gamma detector, naked eyes
and fluorescent detector, respectively (Figure 2). The lights of
the operating area should be turned off when detecting lymphatic
and lymph nodes by a fluorescent detector. Axillary SLNB was
performed by experienced surgeons following standard
operating procedures. Patients with negative axillary SLN on
intraoperative frozen section examination did not undergo
ALND. For patients with definite axillary SLN metastasis or
indeterminate results, the decision on whether to proceed with
ALND was according to the current guidelines and the patient’s
preoperatively expressed preference.

MB-positive lymph nodes were those that appeared blue to
the naked eye or those with blue-stained lymph vessels entering
them. RI-positive lymph nodes were those in which the gamma
detector showed threshold count >10% of the maximum lymph
node count (17). ICG-positive lymph nodes were those that
showed fluorescent bright spots on the fluorescence imager. All
tracer-positive lymph nodes were removed during the resection;
other suspicious lymph nodes (large, hard) were also removed.
The “tracer status” of the removed lymph nodes was recorded
before they were sent for intraoperative frozen section
examination. There were eight possible tracer combinations for
each lymph node: 1) only ICG-positive; 2) only MB-positive;
Frontiers in Oncology | www.frontiersin.org 337
3) only RI-positive; 4) RI+MB positive; 5) ICG+MB positive; 6)
RI+ICG positive; 7) MB+RI+ICG positive; or 8) negative for
all tracers.

For the purpose of this analysis, the total number of axillary
SLNs detected was defined as the tracer-positive lymph
nodes (18).

Pathological Examination and
Postoperative Treatment
Isolated tumor cells (ITCs) refer to tumor lesions in lymph nodes
with a diameter less than 0.2 mm or tumor cells in a single
section with a diameter less than 0.2 mm. Micrometastasis was
defined as the tumor metastasis with the largest diameter more
than 0.2 mm but no more than 2 mm. Metastatic lymph nodes
with a maximum diameter of tumor metastasis more than 2 mm
were considered to be macrometastases. For patients who did not
receive neoadjuvant chemotherapy, metastatic axillary SLNs
were those with macrometastasis and micrometastasis; ITCs
and no metastasis were defined as axillary SLN negative. For
patients who received neoadjuvant chemotherapy, metastatic
axillary SLN were those with axillary SLN macrometastasis,
micrometastasis, and ITCs; no metastasis was defined as
negative. Diagnosis and treatment were according to National
Comprehensive Cancer Network (NCCN) guidelines and the
Chinese Anti-Cancer Association guidelines for breast cancer.

Tracer-related complications occurring within 1 week of
injection of the tracer were recorded; the complications
included regional or systemic allergic reactions, infection at the
injection site, and serious adverse events requiring clinical
treatment or causing disability or death.
A

B

FIGURE 2 | Detection of tracer-positive lymph node. (A) ICG skin development. (A1) ICG percutaneous lymphography and sentinel lymph node localization. (A2)
Lymphatic pathway under the fluorescent detector. (a) ICG injection location. (b) Lymphatic vessels highlighted by ICG. (c) Sentinel lymph node location. (B) The
development of sentinel lymph nodes after subcutaneous incision. (B1) Blue-stained lymph node was detected by the g detector. (B2) The same lymph node was
ICG positive under the fluorescent detector."
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Statistical Analysis
Positivity was defined as the number of patients with metastatic
SLN detected by a tracer or combination divided by the total
number of patients with metastatic SLN. Axillary SLN detection
rate was defined as the number of patients with SLNs detected by
one or more of the tracers divided by the total number of
patients. Patients with negative axillary SLN did not undergo
ALND surgery, and so the true positive rate, true negative rate,
positive predictive value, and negative predictive value could not
be calculated (8). The false-negative rate is difficult to calculate
either. The main observation index was positivity. The secondary
observation indicators were the axillary SLN detection rate, the
mean number of axillary SLNs detected, the mean number of
metastatic axillary SLNs detected, and safety.

The paired chi-square test was used to compare positivity,
total axillary SLN detection rate, and metastatic axillary SLN
detection rate. The paired t test was used to compare the number
of axillary SLNs detected and the number of metastatic axillary
SLNs detected. Average values are presented as mean ± SD.
Because of the multiple comparisons involved, corrected
statistical significance was set at p < 0.002 (a/number of
comparisons, a = 0.05). SPSS 25.0 (IBM Corp., Armonk, NY,
USA) and Microsoft Office Excel 2007 were used for
statistical analysis.
RESULTS

Demographics and Tumor Characteristics
A total of 182 patients (median age, 48 years; age range, 31–74
years) were enrolled in this study. The mean BMI was 23.5 kg/m2

(range, 18.4–42.4 kg/m2). The tumor was located in the upper
outer quadrant in 38.6% of patients. Neoadjuvant chemotherapy
was administered to 30 (16.5%) patients. 42 patients (24.2%) had
metastatic axillary SLNs, ALND was performed for 35 (19.2%)
patients, and 7 patients with metastatic axillary SLNs who
underwent breast conserving surgery did not receive ALND
according to the results of the Z0011 study (19). No patient
underwent a second operation due to inconsistent pathological
examinations. Table 1 summarizes the clinicopathological
characteristics of the patients.

Sentinel Lymph Node Tracer Status
All 182 patients had axillary SLNs. A total of 925 axillary SLNs
were detected (mean, 5.1 per patient). In two patients, the
detected SLNs were only ICG positive; in both cases, pathology
showed lymph node metastases. In 178 patients, there was
obvious percutaneous lymphography and the SLNs were ICG
positive; thus, the detection rate with ICG alone was 97.8% (178/
182). The detection rate with RI+MB was 98.8% (180/182), while
the detection rate with ICG+MB was 100% (182/182; Table 2).

Pathological examination confirmed metastatic SLNs in 42
patients (a total of 79 metastatic axillary SLNs). In 32 patients,
the metastatic nodes were successfully detected by ICG, MB, and
RI. The positivity was 90.5% (38/42) for both ICG and RI, and
83.3% (35/42) for MB.
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ICG+MB vs. RI+MB
Among 42 patients with metastatic axillary SLNs, 37 patients were
detected by both ICG+MB and RI+MB, 3 patients were detected
only by ICG+MB, and 2 patients were detected only by RI+MB. RI
+MB detected 68 metastatic SLNs in 39 patients, and ICG+MB
detected 74 metastatic SLNs in 40 patients; the proportion of
patients with SLN metastases identified by the two methods was
not significantly different (92.9% (39/42) vs. 95.2% (40/42), p =
1.000; Table 3), and the mean number of metastatic SLNs detected
by the two methods was not significantly different (0.37 ± 0.88 vs.
0.41 ± 1.01, p = 0.332). The overall detection rate was not
significantly different with the two methods: 100% (182/182) with
ICG+MB vs. 98.9% (178/182) with RI+MB. The mean number of
axillary SLNs detected was higher with ICG+MB than with RI+MB
(4.99 ± 2.42 vs. 4.02 ± 2.34, p < 0.001).

The metastatic SLN detection rate based on SLNs with ICG+MB
was no less than that of RI+MB (93.7% (74/79) vs. 86.1% (68/79),
p = 0.114). ICG+MB detected a total of 909 axillary SLNs, and RI
+MB detected a total of 732 axillary SLNs. Therefore, the SLN
detection rate based on SLNs with ICG+MBwas higher than that of
RI+MB (98.3% (909/925) vs. 79.1% (732/925), p = 0.000).

In addition, we performed a subgroup analysis. Thirty
neoadjuvant chemotherapy patients and 152 non-neoadjuvant
TABLE 1 | Demographic and clinical characteristics of the 182 patients.

Characteristic n %

Age (years) <50 104 57.1
≥50 78 42.9

Menopausal status Premenopausal 109 59.9
Postmenopausal 73 40.1

BMIa (kg/m2) <24 106 58.2
≥24 76 41.8

Tumor side Left 100 54.9
Right 82 45.1

Tumor location Upper outer quadrant 66 36.3
Lower outer quadrant 30 16.5
Upper inner quadrant 48 26.4
Lower inner quadrant 17 9.3
Nipple–areolar area 21 11.5

Neoadjuvant chemotherapy Yes 30 16.5
No 152 83.5

Histological type In situ 13 7.1
Invasive non-specific cancer 153 84.1
Invasive specific cancer 16 8.8

T stage Tisb 13 7.1
T1 90 49.5
T2 78 42.9
T3 1 0.5

Type Luminal A 54 29.7
Luminal B 47 25.8
Her-2 positive 57 31.3
TNBCc 24 13.2

Breast surgery Mastectomy 130 71.4
Lumpectomy 52 28.6

Axillary surgery SLNBd 147 80.8
　 SLNB+ALNDe 35 19.2
February 2022 | Volume 12 |
 Article 80
aBody mass index.
bTumor in situ.
cTriple-negative breast cancer.
dSentinel lymph node biopsy.
eAxillary lymph node dissection.
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chemotherapy patients were analyzed and compared in terms of
positivity, SLN detection rate, SLN number, and metastatic SLN
number. The results showed that the positivity and SLN detection
rates of ICG+MB and RI+MB were equal (100%) in 30 patients
after neoadjuvant chemotherapy. Similarly, the positivity and
SLN detection rates of ICG+MB and RI+MB were 100% in 30
neoadjuvant chemotherapy patients compared with 152 non-
neoadjuvant chemotherapy patients. The SLN number and
metastatic SLN number in the neoadjuvant chemotherapy
group were smaller than those in the non-neoadjuvant
chemotherapy group (4.37 ± 2.47 vs. 5.22 ± 2.38, p = 0.075;
0.23 ± 0.57 vs. 0.47 ± 1.10, p = 0.247). SLN number with the
RI+MB method in the neoadjuvant chemotherapy group was
smaller than that in the non-neoadjuvant chemotherapy group
(3.07 ± 1.96 vs. 4.21 ± 2.36, p = 0.014). However, SLN number
with the ICG+MB method showed no significant difference
between the neoadjuvant chemotherapy group and the non-
neoadjuvant chemotherapy group (4.30 ± 2.45 vs. 5.13 ± 2.40,
p = 0.086). For neoadjuvant chemotherapy patients, SLN number
with the ICG+MB method was greater than that with the RI+MB
method (4.30 ± 2.45 vs. 3.07 ± 1.96, p = 0.036).

Safety
No patient had tracer-related local or systemic allergic reactions,
injection site infection, or any serious adverse events.
DISCUSSION

In patients with early breast cancer, axillary SLNB is currently
the standard method to assess tumor spread to the axilla. In a
Frontiers in Oncology | www.frontiersin.org 539
survey conducted in China, among 110 hospitals performing
>200 breast cancer surgeries per year, the majority (69/110,
62.73%) used dye (mainly MB) as the tracer for SLNB; the
dual tracer of RI+MB was used only in 16/110 (14.55%)
hospitals, probably because of the limited availability of RI
tracers (20). Several authors have found ICG to be an excellent
tracer in terms of safety, feasibility, and accuracy (21–26). The
feasibility of replacing RI with ICG for axillary SLN tracing in
breast cancer is currently a hot topic of research.

Recognizing that obesity, age, anatomy, and other factors may
affect the success rate of ICG axillary SLN tracing, we adopted a
self-controlled protocol to compare the efficacy of different
tracers. No significant difference was found between ICG+MB
and RI+MB in positivity, axillary SLN detection rate, metastatic
axillary SLN detection rate, and number of metastatic axillary
SLNs detected. In addition, we compared the effect of the two
tracer methods based on the number of lymph nodes. The results
showed that ICG+MB was no less than RI+MB, and even higher
than RI+MB in terms of detection rate (based on lymph node
calculation). These findings are consistent with most previous
reports (12, 21, 22, 27, 28). The ICG+MB method detected a
significantly larger number of axillary SLNs and may be able to
reduce the false-negative rate (29). As far as we know, this is the
largest self-controlled study to date comparing the ICG+MB
method and the RI+MB method.

The advantages of the RI include longer concentration of
radioactivity in the SLN and easier operation, and it allows the
surgeon to find the “hot spot” without cutting through the skin,
which is not possible with the biological dye method. However,
due to radiological contamination of RI and inconvenience of
use, it cannot be widely applied in hospitals in China. Near-
infrared imaging provides g-ray tissue penetration, without
exposing the patient to radiation. Another advantage is that
the cost of ICG is about 21.9% that of RI (8). In our hospital, no
matter how many tracers are used, the operation fee is only
charged once. In terms of patient costs, patients using the ICG
tracer spent less than a third of the cost of RI. The vascular
fluorescence imager can provide real-time guidance and greatly
reduce the difficulty of surgery; ICG tracing is therefore excellent
for training of young breast surgeons (30–32).

In 2020, Goonawardena et al. (23) conducted a systematic
review of the application of ICG and RI for breast cancer axillary
SLN tracing and reported a detection rate and sensitivity of
TABLE 2 | Axillary sentinel lymph node tracer status.

Category Positivityd SLN Detection Rate SLN Number Metastatic SLN Number

ICGa 90.5% (38/42) 97.8% (178/182) 4.63 ± 2.51 0.37 ± 0.98
MBb 83.3% (35/42) 89.6% (163/182) 3.12 ± 2.48 0.29 ± 0.76
RIc 90.5% (38/42) 94.5% (172/182) 3.30 ± 2.10 0.30 ± 0.72
RI+MB 92.9% (39/42) 98.9% (180/182) 4.02 ± 2.34 0.37 ± 0.88
ICG+MB 95.2% (40/42) 100% (182/182) 4.99 ± 2.42 0.41 ± 1.01
RI+ICG 100% (42/42) 100% (182/182) 4.93 ± 2.41 0.41 ± 1.01
ICG+MB+RI 100% (42/42) 100% (182/182) 5.08 ± 2.41 0.43 ± 1.04
February 2022 | V
aIndocyanine green.
bMethylene blue.
cRadioisotope.
dPositivity was defined as the number of patients with metastatic SLNs detected by one or more of the tracers divided by the total number of patients with metastatic SLN.
TABLE 3 | Comparison of efficacies of ICG+MB and RI+MB.

Efficacy Parameter ICGa+MBb RIc+MB p

Positivityd 95.2% (40/42) 92.9% (39/42) 1.000
SLN detection rate 100% (182/182) 98.9% (180/182) 0.480
Metastatic SLN number 0.41 ± 1.01 0.37 ± 0.88 0.332
SLN number 4.99 ± 2.42 4.02 ± 2.34 0.000
aIndocyanine green.
bMethylene blue.
cRadioisotope.
dPositivity was defined as the number of patients with metastatic SLNs detected by one or
more of the tracers divided by the total number of patients with metastatic SLNs.
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81.9%–100% and 65.2%–100%, respectively. They found no
significant difference in the detection rate and sensitivity
between ICG and RI. In the current study, the detection rate
and positivity with ICG were 97.8% and 90.5%, respectively,
which is consistent with the results of Goonawardena et al.
Although the detection rate with ICG is high, there are
disadvantages associated with the use of ICG alone. First,
accidental cutting of lymphatic vessels could result in
fluorescent pollution of the operative area and make it difficult
to identify the truly metastatic axillary lymph nodes and, thereby,
also increase procedure time (33). Second, ICG fluorescence
penetrance is only about 1 cm, and so metastatic SLN in some
deep axillary regions may be missed (5, 34). Using the
combination of MB and ICG can solve these problems.
Previous studies have shown that the detection time for each
axillary SLN is significantly shorter, and the number of axillary
SLNs detected significantly more, with ICG+MB than with ICG
alone (28, 33).

In this study, the ICG+MB method detected 100% of axillary
SLNs. Our result is consistent with a study from Japan, which
reported a detection rate >99% (35). In our study, the positivity
of ICG+MB was 95.2%, which is similar to the 94.4% reported
from our previous study (12). Positivity and the metastatic SLN
detection rate were also close to the results of a recent study in
China (95.2% vs. 96.6%; 93.7% vs. 94.1%) (36). Interestingly, we
found that the number of axillary SLNs detected was higher with
ICG+MB than with RI+MB. This has not been reported by other
authors. According to previous reports, the mean number of
axillary SLNs detected is higher with ICG (1.3–5.4 per patient)
than with MB or RI (11, 23, 29, 37–39). Our study also found that
a higher number of SLNs were detected by ICG (mean, 4.6 by
ICG vs. 3.3 by RI). The explanation may be that the ICG
molecules are smaller and so more easily migrate through the
lymphatic system; further, fluorescence imaging sensitivity is
higher (37, 40). In recent years, surgeons have studied the risk
factors for axillary non-sentinel lymph node (nSLN) metastases
in patients with axillary SLN metastases. It was found that the
number of SLN metastases is an independent risk factor for
axillary nSLN metastases (41). Therefore, it is more important to
remove multiple SLNs rather than single or two SLNs, especially
for surgeons following the Z0011 trial. Direct comparison
between ICG+MB method and RI+MB method showed that
the efficacy of the ICG+MB method is no less than that of the RI
+MB method; this finding is consistent with the results of our
previous research (12).

Some scholars consider that neoadjuvant chemotherapy may
affect the lymphatic vessels of patients. The neoadjuvant
chemotherapy patients enrolled in our study were all patients
who had clinically negative axillary lymph nodes examined
before surgery and had no downstaging of axillary lymph
nodes after neoadjuvant chemotherapy. Moreover, 30 patients
with neoadjuvant chemotherapy not only met the requirements
of neoadjuvant chemotherapy guidelines but also met the
guidelines of sentinel lymph node biopsy (42, 43). Secondly,
we further conducted subgroup analysis and compared the
positive rate, SLN detection rate, number of SLNs detected,
Frontiers in Oncology | www.frontiersin.org 640
and number of SLN metastases. Our results showed that the
introduction of ICG could reduce the impact of neoadjuvant
chemotherapy on the number of SLNs detected. In addition,
many studies on sentinel lymph node tracers did not include
patients with neoadjuvant chemotherapy, which is also one of
the characteristics of our study.

In two patients in the present study, the detected axillary
SLNs were only ICG positive, but pathological examination
confirmed metastases. This suggests that the use of ICG+MB
+RI might reduce the false-negative rate with the RI+MB
method. However, when using ICG as a tracer, great care must
be taken to avoid intraoperative ICG leakage as it may negate the
benefits of fluorescence imaging. Exploration should be carried
out only after opening the axillary fascia; blind exploration in the
fat tissue must be strictly avoided (5).

This study has limitations. First, there was no long-term
follow-up, and so data on postoperative recurrence, metastasis,
and survival were not available. Second, this was a single-center
study with a relatively small sample size; thus, although the data
suggest that ICG is a feasible alternative to RI, the findings need
to be confirmed in large randomized trials.
CONCLUSION

ICG appears to be a reliable, safe, intuitive, and effective tracer
for axillary SLNB in patients with breast cancer. Our previous
study and the present study indicated that ICG+MB could offer
comparable performance compared to RI+MB in SLN mapping.
Therefore, ICG may be the preferred method when RI is not
available or convenient to use. Multicenter clinical trials are
warranted to further verify the current findings.
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Purpose: The etiology and pathology of granulomatous mastitis (GLM) are still unknown.
Expert consensus on the treatment of GLM has not been developed. The objective of this
study is to study the effectiveness of traditional Chinese medicine (TCM) combined with
surgery in treating GLM.

Materials and Methods: A retrospective cohort study was implemented at Longhua
Hospital of Shanghai University of Traditional Chinese Medicine in China between September
2019 and August 2021. Female patients were included according to the propensity-score
matching (PSM) method and balanced according to age and BMI. Patients with GLM
diagnosed by pathology and a course of disease ≥ 6 months were included in this trial.
Patients were divided into the TCM alone group or TCM + surgery group.

Results: In total, 168 female patients were assessed and 102 patients were included in
the study after PSM (51 in the TCM group and 51 in the TCM + surgery group). The
average age of the patients was 32 years (21-47 years). There was no significant baseline
characteristics difference between two groups after PSM. The suppuration rate in the
TCM + surgery group was less than that in the TCM group (64.7% vs. 83.35%, P < 0.05),
and the TCM + surgery group had a higher 9-month cure rate than the TCM group (86.3%
vs. 52.9%, P < 0.05). The full course of disease in the TCM + surgery group was shorter
than that in the TCM group (253.9 ± 117.3 days vs. 332.5 ± 111.6 days, P < 0.05).

Conclusions: TCM combined with surgery can improve the cure rate and shorten the full
course of GLM treatment, indicating surgery should be integrated in the clinical
management of GLM.

Keywords: granulomatous mastitis, surgery, traditional Chinese medicine, clinical outcome, integrated Chinese
and Western surgery
Abbreviations: GLM, granulomatous mastitis; TCM, traditional Chinese medicine.
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INTRODUCTION

Granulomatous mastitis (GLM), also known as idiopathic
granulomatous mastitis and granulomatous mastitis, is an
inflammation in which macrophages and neutrophils infiltrate the
breast lobules to formnecrotic granulomatous lesions,whichwasfirst
described by Kessler et al. (1). The typical clinical manifestations of
thisdisease includebreastpain, breastmass, nippledepression,nipple
overflow, axillary lymph node enlargement, nonlactating breast
abscess, fistula, etc. (2, 3). There was no obvious specificity in the
clinical manifestations of GLM. Thus, GLM is easily confused with
inflammatory breast cancer, and the diagnosis of GLM mainly
requires histopathological examination (4–6).

Because the etiology and pathology of GLM are unclear, there
is no unified treatment plan to treat GLM. At present, the
reported treatment includes surgical treatment and
conservative treatments. Although the healing time of surgical
treatment is short, the wound complications and recurrence rate
are relatively high, which makes surgeons carefully choose this
treatment (7, 8). Conservative treatments mainly include
antibiotic treatment, steroid treatment, and traditional Chinese
medicine (TCM) treatment. The effect of the antibiotic treatment
is poor (9). Steroid therapy can cause complications, and serious
side effects limit its long-term use (10). TCM treatment, used as a
supplementary treatment for evidence-based diseases, has a
significant therapeutic effect on inflammatory diseases (11, 12).
Additionally, the therapeutic effect of TCM on GLM was
recognized (13). A previous study suggested that the 9-month
cure rate of TCM was 63%, which was equivalent to that of the
TCM surgical treatment (68%) (14). Although the curative effect
of TCM was apparent, the treatment time was relatively long. At
present, although GLM is a benign lesion, there is no ideal
treatment. This disease is difficult to cure, has a high recurrence
rate, and causes a tremendous psychological burden to patients
(15). Therefore, the present trial intends to study whether TCM
combined with surgical treatment can improve the outcome of
GLM using the propensity score matching method.
MATERIALS AND METHODS

Patients
A retrospective cohort study was performed at Longhua Hospital
of Shanghai University of Traditional Chinese Medicine in China
between September 2019 and August 2021. Female patients were
included through strict inclusion and exclusion criteria screening.

Inclusion criteria: (I) GLM was diagnosed by pathology
(based on the pathological diagnosis of Shanghai Longhua
Hospital); (2) Course of disease ≥ 6 months; (3) Non pregnant
and nonlactating female patients aged 18-45 years (including 18
and 45 years); (4) There was no severe heart, lung, liver and
kidney dysfunction; (5) The patients voluntarily participated in
this clinical study, did not participate in other clinical trials and
signed informed consent.

Exclusion criteria: (I) patients with serious diseases (such as
malignant tumors) or mental diseases that affect their survival;
(2) diagnosis of systemic lupus erythematosus, rheumatism, or
Frontiers in Oncology | www.frontiersin.org 244
other known autoimmune diseases; (3) abnormal liver and
kidney function (ALT, AST, BUN, etc.) exceeds 20% of the
upper limit of normal value and other laboratory indices with
clinical significance.

The nonexposure group was treated with oral and external
applications of traditional Chinese medicine. The exposure
group was treated with TCM combined with surgery. The
small incision lesion resection and suture was employed for the
surgery operation. Golden ointment was used for external
application. The drug use was adjusted appropriately according
to the patient’s condition. Oral and external application of
traditional Chinese medicine continued until recovery. For the
exposure group, oral and external application of TCM was used
until no obvious redness, swelling and pain were found in the
mass. The patient was then admitted to the hospital for small
incision resection and suture. After the operation, the above
TCM was taken until the patient recovered.

The formula of traditional Chinese medicine is (addition and
subtraction of homemade formula): Radix Bupleuri 6 g,
Scutellariae Radix 9 g, Curcumae Radix 9 g, Atractylodes
Macrocephala Koidz. 15 g, Poria Cocos (Schw.) Wolf. 15 g,
Radix Salviae 15 g, raw Crataegi Folium 15 g, and Herba Taraxaci
30 g. The external application treatment was JinHuang ointment
made by our hospital, which is provided by the herbal medicine
room of our hospital.

Serum liver and kidney function tests were performed every 3
months during the oral administration of traditional Chinese
medicine in the two groups to exclude adverse drug reactions.

Comparison of Clinical Outcomes
Using PSM
The clinical data between the two groups were collected, including
general information such as age, height, and weight, marriage and
childbearing, time of onset, time interval from the last postpartum
to onset, time interval from stopping lactation to onset, course of the
disease, lactation, history of previous drug use, history of breast
trauma, and history of other diseases. The propensity scores were
calculated through logistic regression analysis, including age and
BMI. The nearest neighbor matching method to match patients was
used through the propensity score matching method. The caliper
width was equal to 0.2 times the logit standard deviation of the
propensity score. After matching, the statistical significance and
standardized differences in the covariate balance were reviewed.

Evaluation and Follow-Up
The cure rate was calculated at 6 months and 9 months of
treatment to evaluate the curative effect. Three and 6 months
after the cure, the patient was asked to return to the hospital for
an ultrasound review to assess the recurrence rate.

Standard of Cure
The evaluation criteria for acne mastoid carbuncle (“Diagnosis
and Efficacy Criteria for TCM Diseases” version 2017) and the
“Consensus of Traditional Chinese Medicine Experts on the
Diagnosis and Treatment of Granulomatous Mastitis” issued
by the Breast Disease Branch of the Chinese Society of Chinese
Medicine in 2017 were used to evaluate the cure criteria. (I)
February 2022 | Volume 12 | Article 833742
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Healed: the mass disappeared, the fistula healed, and the systemic
symptoms subsided; ultrasound showed no remaining lesions.
(II) Clinical recovery: the systemic symptoms disappeared, the
original inflammatory lesions were clinically untouchable, and
the ulcers or sores were healed. (III) Improvement: the redness
and heat pain disappeared, the mass shrank, and the fistula was
nearly healed; ultrasound showed that the heterogeneous
hypoechoic area or mixed gyrus area was significantly smaller
than before. (IV) Unhealed: the mass did not disappear, the
fistula did not heal, and the lesion area was even enlarged;
ultrasound showed that the heterogeneous hypoechoic area or
mixed back area was identical to the previous observation or
enlarged, or the liquid dark area was visible.

The cure (includes healed and clinical recovery mentioned
above I and II) rate is the ratio of the number of cured cases in
Frontiers in Oncology | www.frontiersin.org 345
each group to the total number of cases in the group at the sixth
and ninth months from the beginning of the enrollment.

The total course of treatment is the first time that B-
ultrasound shows no lesions, serum recovery period or
postoperative changes since the self-hospital treatment.

The enrollment and analysis process of GLM patients are
shown in Figure 1.

Statistical Methods
A patient follow-up information database was established using
the Excel software, and the SPSS 24.0 statistical software was
used for statistical data analysis. For the descriptive statistical
analysis, the measurement data are expressed as the mean ±
standard deviation (x ± s). The count data, i.e., classified data, are
represented by the number of cases and the composition ratio.
FIGURE 1 | Flow diagram of the trial.
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For the comparative analysis of the two groups, the measurement
data were measured by t-test or Wilcoxon rank-sum test, and the
count data or rank data were compared by chi-square test or
rank-sum test. The results were considered statistically
significant at P<0.05.
RESULTS

Baseline Characteristics Between
Two Groups Were Well Balanced
Following PSM
In total, 302 female GLM patients were employed at Longhua
Hospital of ShanghaiUniversity ofTraditionalChineseMedicine in
China between September 2019 and August 2021. Among them,
168 patients met the inclusion and exclusion criteria. Finally, 102
cases were included and divided into two groups according to the
matching propensity score in this study (Figure 1).

The clinical data between the two groups before and after
matching the propensity score were analyzed, including general
conditions such as age, body mass index (BMI), marriage and
childbirth, onset time, time interval after last childbirth to onset,
time interval between stopping breastfeeding, onset, course of the
disease, breastfeeding, history of past drug use, history of breast
trauma, and history of other diseases (Table 1). Compared with
the integrated traditional Chinese and surgery group, the body
mass index (BMI) of the patients in the TCM group before the
tendency matching was greater (24.9 ± 3.7 vs. 24.4 ± 3.5,
p=0.019), the proportion of these cases with a history of acute
mastitis during lactation was greater (26.5% vs. 9.8%, p=0.015),
the proportion of these cases with fever symptoms after the onset
was higher (25.6% vs. 11.8%, p=0.044), and the time from onset
to our hospital treatment was shorter (32.1 ± 42.0 vs. 62.3 ± 58.7,
p=0.002, Table 1). After the propensity score matching, the
primary conditions of patients between the two groups were
balanced, and the difference was not significant.
TCM Combined With Surgery Reduce the
Suppuration Rate
During the treatment period, there were 33 cases and 42 cases of
purulent TCM combined with surgery and TCM. The
proportion of purulent patients in the TCM-surgery group was
significantly less than that in the TCM group (64.7% vs. 83.4%,
P=0.043) as shown in Figure 2A.
TCM Plus Surgery Significantly Reduced
Total Duration of Treatment
The total treatment durations of the exposed group and the
nonexposed group were 254 ± 117 days and 333 ± 112 days,
respectively (Figure 2B). The median days of the treatments
between TCM plus surgery and TCM were 260 and 330 days.
Compared with the TCM group, the TCM-surgery group had a
significantly shorter total course time with a p value
0.001 (Figure 2B).
Frontiers in Oncology | www.frontiersin.org 446
TCM Combined With Surgery Increased
Cure Rate
According to the evaluation criteria for acne mastoid carbuncle
approved by the Breast Disease Branch of the Chinese Society of
Chinese Medicine in 2017, only 9 (17.6%) patients in the non-
exposed group were healed after 9 months of treatment.
Interesting, in the exposed group, one (2.0%) patient was
healed within 3 months of treatment, and 14 (27.5%) patients
were healed at 9 months. In addition, the clinical recovery cases
of the non-exposure group at 3, 6 and 9 months of treatment
were 1 (2.0%), 7 (13.7%) and 18 (35.3%), respectively. While, the
clinical recovery cases of the exposure group at 3, 6 and 9 months
of treatment were 14 (27.5%), 20 (39.2%) and 30 (58.8%), which
were significantly higher than the non-exposed group (P<0.001).
In summary, the number of cured cases at 3 months, 6 months
and 9 months of TCM combined with surgery was 15 cases
(29.4%), 26 cases (50.1%), and 44 cases (86.3%), respectively.
Correspondingly, there were 1 (1.96%), 7 (13.7%), and 27
(52.9%) cured cases in the TCM group at 3 months, 6 months
and 9 months, respectively (Table 2). During the three different
follow-up times, the TCM-surgery group had a significantly
higher cure rate than the TCM group (P<0.01, Table 2
and Figure 3).

No Significant Adverse Reactions
Between the Two Groups
During the treatment period in the exposure group, 3 patients
developed wound fluid accumulation, no obvious adverse
reactions were found in the non-exposed group. However,
there was no significant difference in adverse reactions between
the two groups during treatment (P=0.24).
DISCUSSION

GLM,which is a chronic inflammatory benign disease, has a higher
incidence among Han Chinese women, and its incidence accounts
for approximately 3.5% of benign breast diseases in women (16).
GLM tends to occur in women of childbearing age, and most
patients have a history of pregnancy and breastfeeding (17). In this
study, all patients were married women of childbearing age, had an
average age of 32 years (21-47 years), and had a history of
pregnancy. Moreover, approximately 88% of the patients had a
history of breastfeeding. These results are consistent with previous
reports. In addition, the average time between the onset of the
patient and the last postpartumperiodwas 42months, and11.8%of
the patients had a history of acute mastitis.

The etiology and pathogenesis of granulomatous lobular
mastitis is not yet fully understood. Some researchers believe
that the pathogenesis of GLM is due to ductal epithelial damage,
which transfers luminal secretions to lobular connective tissue,
causing local inflammation of the connective tissue, which in
turn allows macrophages and lymphocytes to migrate to this
area, causing local granulomatous inflammation (18). The
factors that ultimately induce ductal epithelial injury include
pregnancy, breastfeeding, history of trauma, hyperprolactinemia,
February 2022 | Volume 12 | Article 833742
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A B

FIGURE 2 | TCM combined with surgery reduce the suppuration rate (A) and total duration of treatment (B). *P < 0.05 vs. TCM group.
TABLE 1 | Baseline characteristics and propensity score matching.

Types Full queue Probability score matching

Exposed group
(n=51)

Non-Exposed group
(n=117)

p Exposed group
(n=51)

Non-Exposed group
(n=51)

p

Age* 31.94 ± 4.23 32.06 ± 4.37 0.45 31.94 ± 4.23 33.33 ± 5.41 0.078
Hyperprolactinemia 0.86 0.63
Yes 12 (23.5%) 29 (24.8%) 12 (23.5%) 10 (19.6%)
No 39 (76.5%) 88 (75.2%) 39 (76.5%) 41 (80.4%)
History of breast trauma 0.084 0.28
Yes 13 (25.5%) 46 (39.3%) 13 (25.5%) 18 (35.3%)
No 38 (74.5%) 71 (60.7%) 38 (74.5%) 33 (64.7%)
History of oral contraceptives 0.52 0.51
Yes 4 (7.8%) 13 (11.1%) 4 (7.8%) 6 (11.8%)
No 47 (92.2%) 104 (88.9%) 47 (92.2%) 45 (88.2%)
History of inverted nipples 0.86 0.69
Yes 23 (45.1%) 51 (43.6%) 23 (45.1%) 21 (41.2%)
No 28 (54.9%) 66 (56.4%) 28 (54.9%) 30 (58.8%)
History of nipple discharge 0.043 0.135
Yes 13 (25.5%) 15 (12.8%) 13 (25.5%) 7 (13.7%)
No 38 (74.5%) 102 (87.2%) 38 (74.5%) 44 (86.3%)
Breastfeeding history 0.22
Yes 43 (84.3%) 104 (88.9%) 0.41 43 (84.3%) 47 (92.2%)
No 8 (15.7%) 13 (11.1%) 8 (15.7%) 4 (7.8%)
Acute mastitis 0.044 1.0
Yes 6 (11.76%) 30 (25.6%) 6 (11.76%) 6 (11.76%)
No 45 (88.24%) 87 (74.4%) 45 (88.24%) 45 (88.24%)
BMI* 24.35 ± 3.5 24.88 ± 3.7 0.019 24.35 ± 3.5 23.94 ± 2.97 0.53
Postpartum and onset interval (months) 46.63 ± 25.31 43.18 ± 23.62 0.24 46.63 ± 25.31 37.67 ± 28.8 0.15
Interval between weaning and onset (months) 41.58 ± 22.28 34.08 ± 23.28 0.053 41.58 ± 22.28 33.18 ± 22.75 0.19
Accompanying fever after the onset 0.015 0.16
Yes 5 (9.8%) 31 (26.5%) 5 (9.8%) 10 (19.61%)
No 46 (90.2%) 86 (73.5%) 46 (90.2%) 41 (80.39%)
Accompanying erythema nodules after the onset 0.63 0.56
Yes 6 (11.76%) 17 (14.5%) 6 (11.76%) 8 (15.69%)
No 45 (88.24%) 100 (85.5%) 45 (88.24%) 43 (84.31%)
Lump staging at visit 0.23 0.12
Lump stage 31 (60.78%) 51 (43.6%) 31 (60.78%) 22 (43.14%)
Abscess 10 (19.61%) 34 (29.1%) 10 (19.61%) 8 (15.69%)
Rupture period 7 (13.73%) 21 (17.9%) 7 (13.73%) 15 (29.41%)
Post-collapse 3 (5.88%) 11 (9.4%) 3 (5.88%) 6 (11.76%)
Interval between onset and treatment in our
hospital (days)

62.31 ± 58.69 32.14 ± 42.02 0.002 62.31 ± 58.69 64.98 ± 40.76 0.4
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and obesity (18). In this study, 21.6% of patients had high
prolactin, 30.1% of patients had breast trauma before the
onset, 8.3% of patients had oral contraceptives, 43.1% of
patients had inverted nipples, and the average BMI index of
these cases was ≥23.9. The results of this study consistent with
that of previous studies, suggest that pregnancy, breastfeeding,
trauma history, obesity and other factors are risk factors for
GLM (18).

There is no clear consensus on the treatment of GLM. At
present, the most reported treatments are drug treatment and
surgical treatment. Grover et al. believed that steroids or
immunomodulatory drugs are used as conventional treatments,
and surgical resection is widely adopted as the last treatment for
refractory cases (19). Zhou et al. also suggested that drug treatment
was recommended as a priority (20). If the patient has a relapse or
the drug is not effective, surgery will be used for treatment.
However, other researchers believe that the therapeutic effect of
immunomodulatory (steroid) therapy is usually poor (21).
Therefore, surgical treatment is still one of the main ways to
treat GLM abroad. For surgical treatment, Zhang et al. believed
that appropriate acute inflammation control methods should be
used before surgery, and appropriate surgical methods should be
selected after the inflammation has been controlled (13). This
strategy has a better therapeutic effect than the traditional
Frontiers in Oncology | www.frontiersin.org 648
extensive resection; i.e., its cosmetic effect is good, the recovery
time is short, and the prognosis is better. Wang et al. found that
surgery after steroid treatment has a faster curative effect and a
lower recurrence rate than steroid treatment alone (22). Zhang
et al. found that TCM YangHe decoction combined with surgical
treatment had a higher cure rate and a lower recurrence rate than
surgical treatment alone (23). Zuo et al. also believed that the
treatment of GLM with integrated traditional Chinese and
Western medicine could improve the aesthetics of both breasts,
thus it is worthy of clinical recommendation (24). A recent review
reveals that the effectiveness of TCM plus surgery in the treatment
of GLM is similar to that of surgical operation, but TCM plus
surgery can significantly improve the satisfaction of patients with
breast shape (25). Therefore, the consensus of experts on diagnosis
and treatment of granulomatous lobular mastitis in traditional
Chinese Medicine was initiated by the China Association of
Chinese Medicine (CACM) (26). Although Chinese medicine
has a clear curative effect, the treatment time of traditional
Chinese medicine is long, and most patients suffer from long-
term dressing changes. Therefore, traditional Chinese medicine
combined with surgery was used to treat GLM. In the early stage of
the disease, TCM was used to reduce the mass and limit the
inflammation, and finally the appropriate operation was
performed to reduce the damage to the breast shape. Finally, the
A B C

FIGURE 3 | Typical representative photos of GLM before surgery (A), one week after surgery (B), and one month after surgery (C).
TABLE 2 | Cure cases (rate) between the two groups.

Groups Types 3 months 6 months 9 months

Exposed group Healed 1 (2.0%) 6 (11.8%)* 14 (27.5%)
Clinical Recovery 14 (27.5%)*** 20 (39.2%)** 30 (58.8%)*
Improvement 34 (66.7%)*** 25 (49.0%)*** 6 (11.8%)***
Unhealed 2 (3.9%) 0 (0%) 1 (2.0%)
Total cure 15 (29.4%)*** 26 (50.1%)*** 44 (86.3%)***

Non-Exposed group Healed 0 (0%) 0 (0%) 9 (17.6%)
Clinical Recovery 1 (2.0%) 7 (13.7%) 18 (35.3%)
Improvement 48 (94.1%) 42 (82.4%) 24 (47.1%)
Unhealed 2 (3.9%) 2 (3.9%) 0 (0%)
Total cure 1 (2.0%) 7 (13.7%) 27 (52.9%)
February 2022 | Volume 12 | A
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purpose of shortening the course of treatment and reducing the
pain caused by dressing changes was achieved.

Traditional Chinese medicine doctors believes that
granulomatous lobular mastitis belongs to the category of “acne
breast carbuncle”. There is no clear name of GLM in ancient books.
According to its special clinical manifestations and pathogenesis,
Professors Gu Bohua and Lu Deming of Shanghai School of Gu’s
Surgery proposed the name “acne breast carbuncle” in 1980 (27).
They believe that GLM first has nipple deformity or duct dilation
and subsequently stagnation of liver qi, failure to follow blood,
stagnation of qi and blood stasis, agglomeration into masses, long-
term depression, and heat stagnation because of emotional
discomfort, which result in meat rot and abscess. Eventually, it
becomes a fistula after ulceration. In this study, TCM combined
with surgerywas used to treat GLM, andChinesemedicines such as
Radix Bupleuri, Curcumae Radix, Radix Salviae, and Herba
Taraxaci were given to soothe the liver, clear heat, promote blood
circulation and remove blood stasis. The local lesions were excised
and sutured approximately 4.7months after the oral administration
of TCM. The results of the study suggest that the TCM-surgery
group had a significantly lower purulent lesion rate than the TCM
group. This result indicates that the use of surgical treatment at the
appropriate time can significantly reduce local suppuration, which
shortens the course of treatment and reduces pain. The cure rates at
3months, 6months and 9months in the TCM-surgery group were
significantly better than those in the TCM group. Moreover, the
total treatment course of TCM with surgery was significantly
shorter than that of TCM. During the treatment period, there
were 3 patients with wound effusion in the traditional Chinese
medicine combined with the operation group after surgery. After
symptomatic extraction of the effusion and Chinese medicine
treatment, the wound healed after an average delay of 2 weeks.
There were no obvious adverse reactions in the traditional Chinese
medicine group. Therefore, Chinese medicine combined with
surgery to treat GLM is worth recommending in clinical practice.

The present study has some limitations. First, this investigation
was a retrospective cohort study, and there may be research bias.
Second, the sample size in this study was relatively small, and the
conclusions of this study must be verified by further multi-center
clinical trials with larger sample sizes. Third, the follow-up time of
this study was not sufficiently long, and longer clinical follow-up is
required for these patients.
Frontiers in Oncology | www.frontiersin.org 749
CONCLUSIONS

In summary, Chinese medicine combined with surgical
treatment can increase the cure rate of GLM, shorten the
course of treatment, and reduce the rate of suppuration of
local lesions. Therefore, this treatment strategy is worthy of
clinical recommendation and is expected to become a
comprehensive treatment for GLM.
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Practical Model to Optimize
the Strategy of Adjuvant
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in T1-2N1 Breast Cancer With
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Department of Radiation Oncology, Ruijin Hospital, Shanghai Jiaotong University School of Medicine, Shanghai, China

Purpose: The effect of adjuvant irradiation after mastectomy in early-stage breast cancer
patients remains controversial. The present study aims to explore the clinical benefit
obtained from adjuvant radiotherapy among post-mastectomy pT1-2N1 breast cancer
patients who received adjuvant modern systemic therapy.

Methods: Medical records of consecutive patients with pT1-2N1 breast cancer who
received mastectomy in our institution between January 2009 and December 2016 were
retrospectively reviewed. High-risk features consist of patient age, number of positive
lymph nodes, T stage, and Ki67 index, which were developed previously at our institution
using early-stage breast cancer patients after mastectomy without adjuvant radiotherapy.
Differences of survival and local recurrence were compared between no-postmastectomy
radiotherapy (PMRT) and PMRT group according to number of risk factors. The time-to-
event curves were calculated by the Kaplan–Meier methods and compared by the log-
rank test. Propensity score matching (PSM) was performed to reduce the imbalances in
patient characteristics.

Results: A total of 548 patients were enrolled (no-PMRT: 259 and PMRT: 289). After a
median follow-up of 69 months, the 5-year rate of DFS, BCSS, and LRR in the overall
cohort was 90.2%, 97.4%, and 3.6%, respectively. PMRT did not significantly improve
DFS, BCSS, and LRRFS in the whole cohort. Patients were divided into low-risk (with no
or one risk factor) and high-risk (with two or more risk factors) groups. According to the
univariable and multivariable analysis, high-risk group (HR = 1.81, 95% CI 1.11–2.98,
p = 0.02) was demonstrated as an independent risk factor for DFS. For the high-risk
group, PMRT significantly improved DFS from 81.4% to 91.9% and BCSS from 95.5% to
98.6% and decreased the 5-year rate of LRR from 5.6% to 1.4%, respectively (p < 0.01,
p = 0.05, and p = 0.06). However, no survival benefit from PMRT was observed in the low-
risk group in terms of DFS, BCSS, and LRR (p = 0.45, p = 0.51, and p = 0.99,
respectively). In multivariate analysis, PMRT remained an independent prognostic factor
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for DFS (HR = 0.50, 95% CI 0.24–1.00, p = 0.05) in the high-risk group. After PSM
analysis, the survival benefit of PMRT was sustained in high-risk patients.

Conclusion: PMRT significantly improved DFS in high-risk pT1-2N1 breast cancer
patients, but not in low-risk patients. Independent validation of our scoring system is
recommended.
Keywords: breast cancer, T1-2N1, postmastectomy radiotherapy, risk factors, survival prognosis
INTRODUCTION

Globally, breast cancer is the most commonly diagnosed cancer
in women with a growing trend in both incidence and mortality
(1). On the molecular level, breast cancer is a heterogeneous
disease, which could be categorized into subtypes mainly
based on the presence or absence of molecular markers for
human epidermal growth factor receptor 2 (HER2) and
hormone receptors [HR, including estrogen receptor (ER) and
progesterone receptor] and/or BRCAmutations (2). As a result, a
multidisciplinary team is recommended to determine the optimal
locoregional (surgery and radiation therapy) and systemic
management strategies for breast cancer. Modern systemic
therapies, including endocrine therapy for HR-positive disease,
anti-HER2 therapy for HER2-positive disease, chemotherapy
based on anthracycline and taxane, bone-stabilizing agents,
poly (ADP-ribose) polymerase inhibitors for BRCA mutation
carriers, and immunotherapy, have been demonstrated to
significantly improve the survival outcomes of breast cancer
patients (3). Post-mastectomy radiotherapy (PMRT) is an
important local treatment for breast cancer with microscopic
residual disease. In general, the indications for PMRT were
strongly recommended for breast cancer involving a tumor size
of >5 cm, presence of more than three positive lymph nodes, or
positive surgical margins (4).

However, the role of PMRT in pT1-2N1 breast cancer
patients remains debated in daily clinic (5). An updated report
from the Early Breast Cancer Trialists’ Collaborative Group
(EBCTCG) in 2014 confirmed that adjuvant PMRT
significantly reduced both recurrence and breast cancer
mortality in the women with one to three positive lymph
nodes (6, 7). However, this meta-analysis has been criticized
for its limitations, mainly less intensive systemic therapy, limited
axillary dissection in some trials, and the sub-optimal radiation
techniques. The high locoregional recurrence (LRR) of 20.3% at
10 years in EBCTCGmeta-analysis is also quite far from the LRR
rated reported in later trials (8). In addition, the clinical benefit
obtained from PMRT significantly varies with primary tumor
size and number of positive lymph node. A recent study from
University of Chicago showed that PMRT improved the survival
prognosis among patients with 3 positive lymph nodes and
tumors 2–5 cm in size, but no beneficial effect for patients with
1–2 positive nodes and tumors 2 cm in size or smaller (9). Thus,
investigating risk factors is critically important to identify early-
stage breast cancer patients who might benefit from PMRT after
mastectomy (4, 10).
252
A number of risk factors for survival in early breast cancer
patients have been reported, but the results are controversial
(11). Prior to the present study, we have established a nomogram
for predicting the prognosis of patients with pN0-1 breast cancer
who were treated with mastectomy and without adjuvant
radiotherapy (12). The model was externally validated in an
independent cohort of 1,356 patients from one phase III trial
(NCT00041119). Finally, pathological T stage, number of
positive lymph nodes, age, and Ki67 index were found to be
significant predictors for breast cancer specific survival (BCSS) in
post-mastectomy breast cancer with pN0-1. In the present study,
we aim to validate whether the practical prognostic scoring
system based on these four risk factors in our previous study
can identify high-risk pT1-2N1 breast cancer patients who could
benefit from PMRT.
MATERIALS AND METHODS

Patients’ Selection
From January 2009 to December 2016, a total of 642 consecutive
newly diagnosed invasive breast cancer patients undergoing
mastectomy and sentinel lymph node biopsy or axillary lymph
node dissection with pathological T1-2N1 were identified at our
institution. Ninety-four patients were excluded from the present
analysis for the following reasons: (1) neoadjuvant chemotherapy;
(2) lack of information about tumor size, pathological type, Ki67
index, and radiotherapy; (3) pathologically diagnosed as ductal
carcinoma in situ, lobular carcinoma in situ, or Paget’s disease.
Finally, 548 patients were enrolled for analysis in the present study.

Adjuvant Radiotherapy
For patients treated with adjuvant PMRT, dose prescription to
the chest wall (CW) and regional nodes (supraclavicular,
infraclavicular with or without internal mammary lymph
nodes) was 50 Gy in 25 fractions. CW irradiation was given
using field-in-field forward-planned intensity-modulated
radiotherapy using photons and regional nodes were treated
using an anterior mixed photon and electron beam. The volume
delineation and definition were determined according to the
Radiation Therapy Oncology Group (RTOG) guidelines (13).

Outcome’s Definitions
Disease-free survival (DFS) was defined as the time from surgery
to the time of the first recurrence in the ipsilateral chest wall or in
regional nodal or distant sites or death from any cause. BCSS was
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defined as the time from surgery till death of breast cancer. LRR
was defined as the time from surgery to the time of a first
recurrence in the ipsilateral chest wall or in the ipsilateral
regional nodal ( including axi l lary, supraclavicular ,
infraclavicular, and internal mammary lymph nodes). Follow-
up time was calculated from the date of surgery to the first event
or last confirmed date of breast cancer disease-free status.

Statistical Analysis
For categorical variables, differences between the no-PMRT and
PMRT groups were evaluated by using Pearson’s chi square
statistics. The time-to-event curves were calculated by the
Kaplan–Meier methods and compared by the log-rank test.
Hazard ratios (HRs) and corresponding 95% CIs were
estimated using the Cox proportional hazards regression
model. Given the difference between patients with and without
PMRT, PSM was applied to balance measurable confounders.
Patients were matched based on their estimated propensity using
1:1 matching via nearest method without replacement with a
caliper of 0.05. All statistical tests were two-sided and p < 0.05
was considered significant. The software package SPSS 24.0 (IBM
corporation, USA) was used for analysis.
RESULTS

Baseline Characteristics
In total, 548 patients who received mastectomy and were
diagnosed as pT1-2N1 breast cancer were enrolled. A total of
289 patients were treated with adjuvant PMRT, and all
completed scheduled radiotherapy. The baseline characteristics
of these patients are listed in Table 1. The median age at
diagnosis was 56 years (range, 28–91). The median tumor size
was 2.5 cm (range, 0.3–5.0) in the whole cohort. Among 455
patients who received adjuvant chemotherapy, 86.6% received
anthracycline and taxane-based chemotherapy. In ER-positive
patients, 89.6% received the endocrine therapy. Anti-HER2
therapy was given to 62.9% of HER2-positive patients.

As shown in Table 1, patients in the PMRT group had more
risk factors including younger age, larger tumor, more axillary
lymph nodes involved, and unfavorable biomarkers.
Accordingly, higher portion of patients received chemotherapy
in the PMRT group (p < 0.01).

Survival Outcomes in Overall Cohort and
Different Subgroups
After a median follow-up of 69 months (range, 2–128), 7 patients
developed LRR only, 37 patients had distant metastasis only, and
13 patients developed LRR and distant metastasis. A total of 32
patients died in the entire cohort, with 23 attributed to breast
cancer. The 5-year rate of DFS and BCSS was 90.2% and 97.4%,
respectively. The 5-year rate of LRR was 3.6%.

Four risk parameters, established and validated by our
previous study to be independent risk factors for predicting
BCSS in pN0-1 breast cancer patients receiving mastectomy,
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namely, age (≤40 versus >40 years old), number of positive
lymph nodes (1–2 versus 3 positive lymph nodes), T stage (T1
versus T2), and Ki67 index (≤20% versus >20%), were utilized to
divide patients into a low-risk group, which was defined as
patients with no or one risk factor, and a high-risk group,
which was defined as patients with two or more risk factors.
There were 286 and 262 patients in the low-risk group and high-
risk group, respectively, in which 127 and 162 patients received
PMRT, respectively. Five-year rates of DFS, BCSS, and LRR were
92.6% versus 87.5% (p = 0.05), 97.5% versus 97.2% (p = 0.49),
and 4.1% versus 3.2% (p = 0.55) between the low- and high-risk
subgroups, respectively (shown in Figure 1).

Univariate and Multivariate Analysis for
Survival Outcomes
In the whole cohort, chemotherapy (Yes vs. No) and risk group
(high risk vs. low risk) were found to be significant prognostic
factors for DFS (p < 0.01 and p = 0.04, respectively) by univariate
analysis. By multivariate analysis, no chemotherapy (HR = 2.69,
95% CI 1.51–4.79, p < 0.01) and high-risk group (HR = 1.81, 95%
CI 1.11–2.98, p = 0.02) remained independent risk factors for
DFS. The detailed univariable and multivariable analysis for DFS
is shown in Table 2.

Survival Benefits From PMRT in Different
Risk Groups
After a median follow-up of 69 months (range 2–128), 8 and 15
breast cancer deaths occurred in the PMRT and no-PMRT
group, respectively. No significant difference was found
between PMRT and no-PMRT groups in terms of 5-year rate
of DFS (91.7% vs. 88.8%, p = 0.13, Figure 2A), BCSS (98.5% vs.
96.4%, p = 0.37, Figure 2B), and LRR (2.7% vs. 4.5%, p =
0.19, Figure 2C).

For the high-risk group, the Kaplan–Meier survival analysis
indicated that PMRT significantly improved 5-year rate of DFS
from 81.4% to 91.9% (p < 0.01, Figure 2D), BCSS from 95.5% to
98.6% (p = 0.05, Figure 2E), and LRR from 5.6% to 1.4% with
marginal significance (p = 0.06, Figure 2F). For the low-risk
group, there was no significant difference in DFS, BCSS, and LRR
between PMRT and no-PMRT patients (Figures 2G–I). By
multivariate analysis, chemotherapy and PMRT remained
independent prognostic factors for DFS (HR = 0.27, 95% CI
0.12–0.58, p < 0.01 and HR = 0.50, 95% CI 0.24–1.00, p = 0.05,
respectively) in the high-risk group. The results of univariate and
multivariate survival analysis in the high-risk and low-risk
groups separately are detailed in Supplementary Table 1.

Since the baseline characteristic significantly varied between
the PMRT group and no-PMRT group, we performed PSM to
reduce the potentially selection bias. After PSM analysis, a total
of 392 matched patients were finally included for analysis. No
significant difference was observed between PMRT and no-
PMRT groups in the overall cohort (shown in Supplementary
Table 2). Similarly, the 5-year rate of DFS in patients treated with
PMRT was comparable to those who did not receive PMRT
(90.6% vs. 88.5%, p = 0.36) in overall matched cohort. Consistent
with previous results, patients with more than two high-risk
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factors remained a poor independent risk factor for DFS in
multivariate analysis (HR = 1.81, 95% CI 1.05–3.11, p = 0.03). In
addition, survival benefit obtained from PMRT remained
significant among breast cancer with more than two high-risk
factors after PSM (5-year rate of DFS: 92.3% vs. 82.1%, p = 0.03),
while no significant survival benefit from PMRT was observed
among patients presented with less than one low-risk factor after
PSM (5-year rate of DFS: 89.1% versus 93.6%, p = 0.29).

In conclusion, our results were consistent before or after PSM,
which further confirmed that the high-risk group, defined as
Frontiers in Oncology | www.frontiersin.org 454
patients with two or more risk factors, was an independent risk
factor for DFS, and PMRT should be recommended for patients
in that population.
DISCUSSION

In this study, we investigated the impact of PMRT on survival
outcomes among patients with T1-2N1 breast cancer treated
with modern systematic therapies by using a scoring system
TABLE 1 | Patient and treatment characteristics.

Characteristics Whole cohort (N = 548) No-PMRT (N = 259) PMRT (N = 289) p-value

Age (years) <0.01
Median (range) 56 (28–91) 58 (29–91) 54 (28–78)
≤40 50 (9.1) 14 (5.4) 36 (12.5)
>40 498 (90.9) 245 (94.6) 253 (87.5)
Menopausal status 0.09
Premenopausal 198 (36.1) 84 (32.4) 119 (39.4)
Postmenopausal 350 (63.9) 175 (67.6) 179 (60.6)
Tumor size (cm) 0.09
Median (range) 2.5 (0.3–5.0) 2.0 (0.5–5.0) 2.5 (0.3–5.0)
≤2.0 254 (46.4) 130 (50.2) 124 (42.9)
2.0-5.0 294 (53.6) 129 (49.8) 165 (57.1)
Nuclear grade 0.05
Low-Intermediate 282 (57.1) 146 (61.6) 136 (52.9)
High 212 (42.9) 91 (38.4) 121 (47.1)
Unknown 58 23 35
Axillary surgery 0.01
SLNB alone 12 (2.2) 10 (3.9) 2 (0.7)
ALND 536 (97.8) 249 (96.1) 287 (99.3)
Number of resected LN 16 (2–35) 16 (2–35) 15 (4–34) 0.86
Number of positive LN <0.01
1–2 450 (82.1) 226 (87.3) 224 (77.5)
3 98 (17.9) 33 (12.7) 65 (22.5)
ER status <0.01
Positive 416 (76.6) 217 (84.1) 199 (69.8)
Negative 127 (23.4) 41 (15.9) 86 (30.2)
Unknown 5 1 4
Ki67 index <0.01
≤20% 203 (37.0) 112 (43.2) 91 (31.5)
>20% 345 (63.0) 147 (56.8) 198 (68.5)
HER2 status <0.01
Positive 129 (23.7) 48 (18.6) 81 (28.3)
Negative 415 (76.3) 210 (81.4) 205 (71.7)
Unknown 4 1 3
Molecular subtype <0.01
Luminal 416 (76.6) 217 (83.8) 199 (69.8)
HER2 positive 62 (11.4) 18 (7.0) 44 (15.4)
Triple negative 65 (12.0) 23 (8.9) 42 (14.7)
Unknown 5 1 4
Chemotherapy <0.01
Yes 455 (86.2) 193 (77.2) 262 (94.2)
No 73 (13.8) 57 (22.8) 16 (5.8)
Unknown 20 9 11
Target therapy in HER2 positive (n = 129) 0.46
Yes 78 (62.9) 27 (58.7) 51 (65.4)
No 46 (37.1) 19 (41.3) 27 (34.6)
Unknown 5 2 3
Endocrine therapy in ER positive (n = 416) 0.10
Yes 353 (89.6) 184 (87.2) 169 (92.3)
No 41 (10.4) 27 (12.8) 14 (7.7)
Unknown 22 6 16
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composed of 4 clinical–pathological risk factors. Based on the
number of risk factors, we divided patients into two risk groups
[low risk (0–1 risk factor) vs. high-risk (≥2 risk factors)]. In the
multivariate analysis, we found that the high-risk group and
chemotherapy were two independent risk factors for DFS and
survival benefit of PMRT was limited to the high-risk group only.

The trend in the receipt of PMRT in patients with T1-2N1
breast cancer has varied significantly over years and utilization of
PMRT has increased from 14.1% to 23.5% in Asia in recent years
(14). Nevertheless, significant controversy remains regarding the
benefit of PMRT or regional nodal irradiation (RNI) in this
population. Prior to the present study, the DBCG 82 b&c
randomized trials demonstrated lower risk of LRR and better
survival outcomes with the addition of PMRT (15). However, the
higher risk of LRR and suboptimal BCSS have been attributed to
the less than standard systemic therapy and axillary surgery in
the DBCG trials. Subsequently, McBride et al. investigated the
clinical benefit of PMRT among patients with T1-2N1 breast
cancer and treated with mastectomy and modern systemic
treatment, but no significant difference in 5-year LRR was
observed (16). Another study performed by Muhsen et al.,
which recruited 1,087 patients with pT1-2N1 breast cancer,
found no survival benefit from PMRT (17). A large sample
analysis from the surveillance, epidemiology, and end results
program (SEER) data also found that the survival outcomes were
comparable between PMRT and no-PMRT patients in the
modern era (14). Consistent with previous results, we also
found that in the general population of T1-2N1 breast cancer
patients, the clinical benefit from PMRT in the era of modern
systemic therapy was not significant. In our cohort, adjuvant
chemotherapy was prescribed to 86.2% of included patients and
up to 88.5% of patients had ≥10 axillary lymph nodes removed.
As a result, in the era of modern systemic therapy with adjuvant
chemotherapy typically containing anthracycline and taxanes,
higher proportion of HER2-positive patients receiving anti-
HER2 therapy, and standard adjuvant hormonal therapy in
HR-positive patients, the risk of tumor recurrence has been
significantly decreased. Therefore, establishing a risk scoring
system is critically important to identify early-stage breast
cancer patients who might benefit from PMRT after mastectomy.
Frontiers in Oncology | www.frontiersin.org 555
A practical reference risk stratifying system appears to be
essential to identify patients who would benefit most from
PMRT at the present time. A number of risk factors that have
been identified by nomograms combining different risk factors
have been developed as well (18, 19). The most representative
risk factors identified were patient age, number of positive lymph
nodes, histological grade, and lympho-vascular invasion (20).
However, the absolute risk of LRR and survival benefit from
PMRT with regard to risk stratifying system in T1–2N1 patients
after mastectomy remain heterogeneous. Data from SEER
population claimed that the benefit of PMRT was observed in
patients with high-risk (2 or 3 positive nodes with tumors 2–5 cm
in size) but not in patients with low-risk disease (1 or 2 positive
nodes with tumors <2 cm in size) (9). A more recent
retrospective study by Park et al. found that close resection
margin was the only independent factor for worse prognosis
among post-mastectomy patients undergoing modern systematic
therapies (21). Molecular subtypes play a critical part in
the decision-making of systemic therapy, but its role in
tailoring local–regional radiotherapy remains undefined, even
though ongoing studies aim to explore this. The TAILOR RT
trial sponsored by the Canadian Cancer Trials Group is
investigating the role of PMRT in favorable patients with one
to three positive axillary nodes who have ER-positive tumors
with low-risk Oncotype DX recurrence scores (NCT03488693).
Our analysis failed to recognize the molecular subtypes as a
significant prognostic factor of DFS by univariate analysis and
multivariate analysis. One possible reason might be the
improvement of patients’ survival with the application of
comprehensive systemic therapy with almost 86.2% of patients
receiving 4–8 cycles of chemotherapy of anthracycline or taxane,
62.9% of patients receiving anti-HER2 therapy in HER2-positive
subtypes, and 89.6% patients receiving endocrine therapy in ER-
positive subtypes in our study. Consistent with our results, a
large sample study, which enrolled 1,474 postmastectomy
patients staged pT1-2N1 between 2006 and 2012, showed that
molecular subtypes also failed to significantly influence the
survival and local prognosis with application of optimal
systemic therapy (98.1% with anthracycline or taxane
chemotherapy, 95.1% with hormonal therapy in HR-positive
A B C

FIGURE 1 | Kaplan–Meier curves for 5-year disease-free survival (A), 5-year breast cancer specific survival (B), and 5-year locoregional recurrence (C) in different
risk cohorts. (PMRT, postmastectomy radiotherapy).
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patients, and 47.4% with anti-HER2 therapy in HER2-positive
patients) (22). As yet, the molecular subtype is not included in
National Comprehensive Cancer Center (NCCN) guidelines to
guide the decision-making of PMRT in this population (23).
Results of prospective trials are still of great importance to define
the role of molecular subtypes and other more elaborate
biomarkers in the decision-making of radiotherapy.

In our previous study, patients with positive or close surgical
margin were excluded while age, number of positive lymph nodes,
tumor size, and Ki67 index remained as independent risk factors
Frontiers in Oncology | www.frontiersin.org 656
for BCSS in T1-2N0-1 breast cancer (12). Our results showed that
benefits from PMRT were disparate between different risk groups.
PMRT significantly improved DFS in the high-risk group with 2–4
risk factors while it did not improve in the low-risk group with 0–1
risk factor. Although it was a single-center experience, it provided
a basis to conduct a multiple institutional study in a second phase.
The randomized SUPREMO trial was prospectively designed to
evaluate the role of PMRT in 1,688 women with intermediate-risk
breast cancer defined as T1-2N1, T3N0, or T2N0 with lympho-
vascular invasion and high grade who underwent mastectomy
TABLE 2 | The univariate and multivariable analyses for outcomes.

Characteristics DFS

Univariate analyses Multivariable analyses

N of event 5-year rate p-value HR 95% CI p-value

Age (years) 0.59
≤40 7 89.2
>40 61 90.3
Menopausal status 0.16
Premenopausal 19 93.6
Postmenopausal 49 88.7
Tumor size (cm) 0.06
≤2.0 25 94.2
2.0–5.0 43 88.2
Nuclear grade 0.37
Low-Intermediate 33 91.7
High 30 87.6
Axillary surgery 0.85
SLNB alone 1 90.9
ALND 67 90.5
Number of positive LN 0.38
1–2 53 90.5
3 15 89.1
ER status 0.51
Positive 17 86.8
Negative 51 91.1
Ki67 index 0.38
≤20% 20 92.9
>20% 48 88.9
HER2 status 0.36
Positive 19 90.6
Negative 49 88.6
Molecular subtype 0.39
Luminal 51 91.1
HER2 positive 10 84.6
Triple negative 7 88.7
Chemotherapy <0.01
Yes 51 91.0 1
No 16 84.5 2.69 1.51–4.79 <0.01
Target therapy 0.18
Yes 13 86.9
No 54 90.6
Endocrine therapy 0.28
Yes 45 91.8
No 22 85.7
PMRT 0.13
Yes 26 91.7
No 42 88.8
Subgroups 0.04
Low risk 29 92.6 1
High risk 39 87.5 1.81 1.11–2.98 0.02
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between 2006 and 2013 (24, 25). The results of this study are
expected by the end of 2023.

Recent studies incorporating information on the molecular
profile of breast cancer aim to further tailor radiotherapeutic
decisions based on risk stratification and potentially intrinsic
radiosensitivity of different subtypes. Shao et al. conducted a
retrospective cohort-based study and demonstrated that among
patients with high-risk factors (T2 stage and 3 positive lymph
nodes disease), PMRT prolonged over-survival only in the
Luminal A subtype, but not for the triple-negative and HER2-
positive subgroups (26). In addition to those known prognostic
biomarkers, genomic profile will provide additional prognostic
information to risk stratification. However, most of these studies
were retrospective; thus, the evidence was relatively low. An
observational cohort study using data from the American
National Cancer Database (NCDB) and SEER found that the
improved survival associated with PMRT was limited to patients
with a low Oncotype DX recurrence score (RS) (27). Others had
reported that RS could not define the patients who will benefit
from PMRT or not (28). Mamounas et al. though found that a
high RS predicted a higher risk of LRR in general, while such
association was not established when N1 patients receiving
mastectomy were further analyzed (29). At the present time,
majority of the panel of 2021 SG-BCC agree that commercially
Frontiers in Oncology | www.frontiersin.org 757
available multigene signatures (e.g., MammaPrint and
Recurrence Score) should not provide a solid recommendation
for deciding RNI (92%) or PMRT (89%) when prospective trials
such as TAILOR RT are still ongoing (30). Most of the ongoing
trials integrating genomic profile are focused on ER-positive,
HER2-negative tumors with one to three positive axillary nodes
(31). To acknowledge the advantage of molecular and genomic
profile in individualizing risk in a defined population, the
inconvenience that other molecular subtypes are not covered
by most of the trials should also be noticed. While awaiting these
results, our present analysis provides a practical model of
available clinical–pathological information and biomarkers in
consideration of an individualized PMRT.

There are limitations of this study that need to be mentioned.
First, this is a retrospective study of our institute; thus, potential
selection bias could not be excluded. Second, the median follow-
up of 69 months is relatively limited, which might underestimate
the actual survival outcomes of this patient population.

In summary, our retrospective study provided a practical
model to optimize the triage of PMRT in a highly debatable
population, T1-2N1 breast cancer patients. The risk scoring
system composed of four clinical–pathological risk factors can
be applied to identify the high-risk patients who might benefit
from PMRT undergoing modern systemic adjuvant therapy.
A B

D E F

G IH
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FIGURE 2 | Kaplan–Meier curves for 5-year disease-free survival, 5-year breast cancer specific survival, and 5-year locoregional recurrence according to delivery of
postmastectomy radiotherapy in terms of different cohorts. [(A–C) in the whole cohort; (D–F) in the high-risk subgroup; (G–I) in the low-risk group] (PMRT,
postmastectomy radiotherapy).
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Purpose: This study aimed to assess the diagnostic performance and the added value to
radiologists of different levels of a computer-aided diagnosis (CAD) system for the
detection of pathological complete response (pCR) after neoadjuvant chemotherapy
(NAC) in patients with breast cancer. Besides, to investigate whether tumor molecular
typing is associated with the efficiency of diagnosis of the CAD systems.

Methods: 470 patients were identified with breast cancers who underwent NAC and post
MR imaging between January 2016 and March 2019. The diagnostic performance of
radiologists of different levels and the CAD system were compared. The added value of
the CAD system was assessed and subgroup analyses were performed according to the
tumor molecular typing.

Results: Among 470 patients, 123 (26%) underwent pCR. The CAD system showed a
comparable specificity as the senior radiologist (83.29% vs. 84.15%, p=0.488) and
comparable area under the curve (AUC) (0.839 vs. 0.835, p =0.452). The performance
of all radiologists significantly improved when aided by the CAD system (P<0.05), And
there were no statistical differences in terms of sensitivity, specificity and accuracy
between the two groups with CAD assistance(p>0.05).The AUC values for identifying
pCR in TN patients were significant (0.883, 95%CI: 0.801-0.964, p < 0.001).

Conclusion: The CAD system assessed in this study improves the performance of all
radiologists, regardless of experience. The molecular typing of breast cancer is potential
influencer of CAD diagnostic performance.

Keywords: breast cancer, MRI, computer-aided diagnosis, pathological complete response, neoadjuvant
chemotherapy (NAC)
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INTRODUCTION

With the wide application of neoadjuvant chemotherapy in the
treatment of breast cancer patients, it has become an essential part
of the treatment of breast cancer, especially stage II and III breast
cancer (1, 2). Its curative effect directly affects the follow-up
treatment and prognosis of patients. Effective NAC can reduce
tumor stage, make breast conserving surgery possible, and even
achieve preoperative pathological complete remission (pCR) in up
to 30% of patients (3, 4). The efficacy of chemotherapy varies and
depends on the subtypes of breast cancers (5). HER2- positive and
triple-negative patients are more likely to achieve pCR, and
surgery is expected to be avoided (6). As a consequence,
accurate recognition of treatment response is crucial to optimize
patient management and treatment adjustment.

Conventional imaging modalities, such as mammography and
ultrasound, show limited accuracy in predicting treatment response
after NAC (7, 8), Magnetic Resonance Imaging (MRI) is currently
used in clinical practice to assess the response at the end of NAC.
Several studies have investigated the value of breast MRI for
assessing or predicting treatment response to NAC (9–11).
However, MRI has limitations when used clinically because image
interpretation is based on the radiologist’s visual assessment.

Computer-aided diagnosis (CAD) has attracted significant
attention from researchers as a newly developed technique that
can enhance radiologists’ interpretation and overcome subjective
limitations (12–15). The CAD detection and diagnosis methods
are based on machine learning approaches that extract features
based on shape, texture, and statistical values, assessing or
predicting treatment response to NAC. Several studies have
shown that the CAD system has superior capability and
performance (16, 17). However, few studies have evaluated the
changes in diagnosis performance when the CAD system
combined with radiologists with various levels of experience in
assessing response to chemotherapy after treatment.

Therefore, this retrospective study aimed to validate the
clinical role of the CAD systems in the assessment of pCR and
to evaluate its value in improving doctors ’ diagnosis
performance. Besides, the association between the efficiency of
diagnosis of the CAD systems and tumor subtypes was discussed.
MATERIALS AND METHODS

The institutional review board approved this retrospective study.
Informed consent was obtained from all the patients. All patients in
whom invasive breast cancer were diagnosed between January 2016
and March 2019, treated with neoadjuvant chemotherapy, and who
underwent breast MR imaging before neoadjuvant chemotherapy
were eligible. The chemotherapy regimens were drawn up according
to the neoadjuvant therapy regimens of NCCN guidelines breast
cancer version 1.2016 including (regimen I): AC-T(doxorubicin
60mg/m2 plus cyclophosphamide 600mg/m2 IV day 1 every 21
days for 4 cycles followed by docetaxel 100mg/m2 IV day 1 every 21
days for 4 cycles); (regimen II):TAC(docetaxel 75mg/m2 plus
doxorubicin 50mg/m2 plus cyclophosphamide 500mg/m2 every
21 days for 6 cycles). Trastuzumab or Partuzumab would employ in
Frontiers in Oncology | www.frontiersin.org 261
HER2/neu positive patients (Trastuzumab:the dose was 4mg/kg for
the first use; the followed dose was 2mg/kg, i.e., every 21 days for 1
year; Partuzumab: the dose was 840mg/kg for the frst use; the
followed dose was 420mg/kg, i.e., every 21 days for 1 year). A total of
493 patients (mean age: 49.6 ± 10.09 years; range: 24-70 years) and
470 masses (mean size before chemotherapy: 19.03 ± 7.1mm; range:
6-55mm) underwent core needle biopsy or surgery. Twenty-three
patients were excluded from the study group, because the patient
had unilateral multifocal cancers and the correlation between the
tumor in MRI and postoperative pathological examination was
uncertain. A flowchart of the study population is presented
in Figure 1.

MR images were obtained using a 3.0T MR scanner (Philips
Achieva 3.0T). The patients adopted a prone position and put
their breasts into the dedicated phased-array breast coil. Imaging
parameters for DCE-MRI were are as follows:

Axial T1-weighted imaging (repetition time (TR) = 495 ms; echo
time (TE) = 10 ms; slice thickness/gap = 3 mm/0 mm; matrix = 512;
number of signal averaged (NSA) = 1; field of view (FOV) = 340mm×
340 mm); axial T2-weighted imaging (TR = 4213 ms, TE = 120 ms,
slice thickness/gap = 3 mm/0 mm, matrix = 512, NSA = 1, FOV =
340 mm × 340 mm); T2-weighted fat-saturated imaging using a
spectral selection attenuated inversion recovery (SPAIR) (TR = 4216
ms, TE = 60 ms, inversion delay (IR) = 120 ms, slice thickness/gap = 3
mm/0 mm, matrix = 352, NSA = 1, FOV = 340 mm × 340 mm); and
T1-weighted high-resolution isotropic volume examination (THRIVE)
(TR = 4.4 ms, TE = 2.2 ms, flip angle = 12°; matrix = 352; FOV =
340 mm × 340 mm; number of sections = 110; acquisition time: 256
seconds). MR imaging data sets were acquired once before gadolinium
(Gd)- diethylenetriamine penta-acetic acid (DTPA) (Bayer scheming
pharma AG, Berlin, Germany) injection and at 90-second intervals
FIGURE 1 | Patients selection flowchart and the composition of the training,
test, and verification sets. pCR, pathologic complete response; NAC,
neoadjuvant chemotherapy.
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upon injection of 0.1 mmol/kg Gd-DTPA(followed by an intravenous
saline flush of 20 ml), for a total imaging duration of 5–8 minutes.

Segmentation and Classification
We first used an encoder-decoder network called Unet to segment
the tumor region in the MRI, shown in Figure 2. The encoder
network in Unet extracts the deep semantic features in MRI, and
the decoder network upsamples the features to the size of the
original image. The backbone of the encoder is resnet18, and the
strategy of the decoder is upsampling step by step. The learning
rate of training is 1e-5, and epochs are 500. The weight decay is 5e-
4 and the training optimizer is Adam. The loss function is Cross
Entropy. Thus, the Unet model segment the tumor region from
the background. And then we extracted shape features and texture
features of tumor. The 13 shape features describe the appearance
of tumor, which include roundness, aspect ratio, average
normalized radial length, the normalized standard deviation of
radial length, average normalized entropy radial length, area ratio,
aspect ratio, number of leaflets, needle shape, boundary roughness,
direction angle, normalized ellipse circumference and normalized
ellipse contour. The 48 texture features show the details inside
tumors obtained using gray level co-occurrence matrix (GLCM).
Moreover, we extracted energy, correlation, contrast and entropy
under three steps with four directions. The 13 shape features and
48 texture features were input into the support vector machine to
execute pCR or non-pCR classification. The goal of Support
Vector Machine (SVM) is to find a hyperplane to separate the
two classes of data andmaximize the margin in the meantime. The
data which is closest to the margin is called a support vector and
the distance between the hyperplane and any support vector is 1.

Observer Study
The MR images were assessed by a senior radiologist of more than
ten years’ experience and then assessed by a junior radiologist of
Frontiers in Oncology | www.frontiersin.org 362
three years’ experience. The two groups of radiologists analyzed the
integrated computer workstation images without access to the final
histological results. The diagnosis of the pCRwas based onwhether
the tumor volume disappeared or marked and constantly
homogeneous enhancement fibrous tissue on DCE-MRI. Only
the largest mass was used for evaluation if a patient had multiple
residual masses after NAC. If there was disagreement between the
two radiologists, they reviewed the images together, obtaining
a consensus.

Pathological Diagnoses
All breast lesions were pathologically confirmed by surgery or
biopsy. Pathological complete remission (pCR) was defined as no
residual invasive tumor cells in primary breast lesions after
therapy, but ductal carcinoma in situ(DCIS) can exist. Lesions
were divided into pCR and non-pCR groups, and all the lesions
were divided into molecular subtypes. All the assessments were
performed by a pathologist who had more than ten years’
experience. Tumor characteristics are presented in Table 1.

Statistical Analysis
The diagnostic performance of the radiologist assisted by the
CAD system was defined as positive when the criteria met one of
the two categories: the radiologist and the CAD system. The SPSS
software (version 20.0, IBM Corp, Armonk, NY, United States)
and MedCalc software (version 15.2, Mariakerke, Belgium) were
used to analyze the data. Taking molecular subtypes as the
standard, the separate diagnostic ROC curves of luminal a,
luminal B, HER2 +, TN were constructed; The ROC curves for
the separate diagnosis of junior radiologist, senior radiologist and
CAD and the joint diagnosis of junior radiologist and CAD,
senior radiologist and CAD were constructed by comparing the
pathological results. and the area under the curve (AUC) and
sensitivity, specificity and accuracy were calculated. Chi square
FIGURE 2 | Representative cases of pCR (A) and non-pCR (B). For the case (A), both the CAD system and the senior radiologists diagnosed it as a pCR but the
junior radiologists diagnosed it as a non-pCR. For the case (B), both the CAD system and the senior and the junior radiologists diagnosed it as a non-pCR. The
images (a, b) for the segmentation results were obtained by computer-aided diagnosis system.
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test was used to compare the sensitivity, specificity and accuracy
of different diagnostic methods. Inspection level a=0.5.

RESULTS

Therewere pCR andnon-pCR in the 493 patients (mean age: 49.6 ±
10.09 years; range: 24-70 years). The experimental data were 470
MRI masses (average size before NAC: 19.03 ± 7.1 mm, range:6-
55mm), of which 347(74%) were non-pCR, and 123(26%)were
pCR. The non-pCR images and pCR images were divided into 5
parts respectively. Each time, 3 partswere taken as the training set, 1
part as the verification set and 1 part as the test set.

The diagnostic performances of the CAD system, radiologists
in the different groups, and CAD-assisted radiologists for
detecting pCR were summarized in Table 2.

TheCADsystemexhibited no statistically significant difference in
terms of specificity compared with the senior radiologist(83.29%
versus 84.15%,p=0.488),and CAD has higher sensitivity while the
accuracy were lower in the CAD system than those in the senior
radiologist(84.55% vs. 82.93%,p=0.005;83.61% vs. 83.83%,p=0.037,
respectively). When compared with the junior radiologist, the CAD
system resulted in markedly increased sensitivity and accuracy and
higher specificity in the classification of pCR (84.55% vs.77.24%, p
<0.001; 83.83% vs.78.94%, p<0.001; 83.29% vs.79.54%, p = 0.007,
respectively).When theCADsystemwasused to assist the senior and
Frontiers in Oncology | www.frontiersin.org 463
junior radiologists, the sensitivity, specificity and accuracy of
diagnosis were significantly improved, no matter junior radiologist
or senior radiologist(p≤0.001).And therewasno statistical difference
terms of sensitivity, specificity and accuracy between the two groups
withCADassistance(87.80%vs.88.62%, p =0.525; 88.18%vs.89.04%,
p=0.713; 88.94% vs.88.09%, p = 0.525, respectively). ROC analysis
comparing the diagnostic performance ofCAD systems, radiologists,
andCAD-assisted radiologists is shown inTable 2 andFigure 3. The
AUCs were 0.784 for the junior radiologist,0.835 for the senior
radiologist,0.839 for the CAD system, 0.880 for the CAD-assisted
junior radiologist,0.888 for the CAD-assisted senior radiologist.

Results of performance of CAD in different molecular
subtypes are listed in Table 3 and Figure 4. Out of the 123
patients who achieved pCR, twenty-three breast cancers were
luminal A, thirty-eight were luminal B, twenty-nine were HER2-
enriched, and thirty-three were triple-negative. The AUC values
for identifying pCR in TN patients were significant (0.883, 95%
CI: 0.801-0.964, p < 0.001), and the specificity, sensitivity and
accuracy achieved 88.68%, 87.88% and 88.37%, respectively.

DISCUSSION

MR plays a crucial role in the assessment of response to
chemotherapy during treatment. However, the usefulness of
MR may be limited for the diagnostic performance of it varies
TABLE 1 | Breakdown of dataset by pathological complete response status.

pCR Non-pCR All patients

Number of patients 123 (32–66) 347 (24–70) 470 (24–70)
Mean Age (y)* 54 48 50
Tumor diameter (mm)*
Mean 22.1 32.2 29.0
SD 12.5 13.9 14.3

Receptor status
Luminal A 23 82 105
Luminal B 38 140 178
HER-2+ 29 72 101
TN 33 53 86

Surgery type
Breast conservation 114 218 332
Mastectomy 9 129 138
March 2022 | Volume 12 | A
*Data are means, with ranges in parentheses.
TABLE 2 | Diagnostic performance of CAD system, radiologists and CAD-assisted radiologists.

Method AUC 95%CI Sensitivity Specificity Accuracy

Junior radiologist 0.784 0.734-0.833 77.24 79.54 78.94
Senior radiologist 0.835 0.791-0.880 82.93 84.15 83.83
CAD 0.839 0.796-0.883 84.55 83.29 83.61
Junior radiologist+CAD 0.880 0.841-0.919 87.80 88.18 88.09
Senior radiologist+CAD 0.888 0.851-0.926 88.62 89.04 88.94
Pa1 0.049 <0.001 0.007 <0.001
Pa2 0.452 0.005 0.488 0.037
Pb1 0.001 <0.001 <0.001 <0.001
Pb2 0.037 <0.001 0.001 <0.001
P* 0.380 0.525 0.713 0.525
rti
Pa1 is CAD vs. Junior radiologist; Pa2 is CAD vs. Senior radiologist; Pb1 is Junior radiologist vs. Junior radiologist+CAD.
Pb2 is Senior radiologist vs. Senior radiologist+CAD; P* is Junior radiologist+CAD vs. Senior radiologist+CAD.
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TABLE 3 | Diagnostic efficacy of the diagnosis of CAD among subtype.

All patients AUC 95%CI P Sensitivity Specificity Accuracy

Luminal A 0.828 0.726-0.929 <0.001 82.61 82.93 82.86
Luminal B 0.811 0.731-0.892 <0.001 81.58 80.71 80.90
HER2+ 0.827 0.736-0.918 <0.001 86.20 84.72 85.15
TN 0.883 0.801-0.964 <0.001 87.88 88.68 88.37
Frontiers in Oncology | www
.frontiersin.org
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FIGURE 3 | The receiver operating characteristic (ROC) curves for the performance of the computer-aided diagnosis (CAD) system, the senior radiologist, the junior
radiologist, and CAD-assisted radiologists. The area under the ROC curve for the combination of senior radiologists and CAD was significantly highest.
FIGURE 4 | The receiver operating characteristic (ROC) curves for the performance of CAD in different molecular subtypes.
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from person to person, which depends on the experience of a
radiologist to a large extent. The CAD system based on artificial
intelligence has been developed to assist radiologists in analyzing
images, shortening the time cost of the diagnostic process, and
reducing interobserver variability.

In this study, a clinical assessment was performed to evaluate
the value of the CAD system in the MRI diagnosis of pCR. This
retrospective study showed that the CAD system generally
performed comparably to qualitative assessments by the senior
radiologist in terms of specificity but had a higher sensitivity and
lower accuracy. In addition, the specificity, sensitivity and
accuracy of the CAD system were remarkably higher than that
of the junior radiologist.

The added value of the CAD system was also evaluated in this
study. Our study showed that CAD assistance significantly improves
all radiologists’performance, whichwas consistentwith some studies
(12, 18, 19). With the assistance of the CAD system, the junior
radiologist showed a significant increase in AUC from 0.784 to 0.880
(P<0.001).Thediagnosticperformanceof senior radiologistswas also
improved and statistically significant(P<0.05). The improved AUC
indicated that the CAD system might function as a supplementary
opinion to avoid missed diagnoses, especially for less-experienced
radiologists. As shown in the study, the CAD system improved
radiologist specificity, which implied that theCADsystemcould play
a constructive role in reducing unnecessary biopsies or follow-up
imaging studies to assess response to chemotherapy.

The study contributes to several clinical implications. First, the
CAD system in this study can automatically recognize and analyze
MR images. Therefore, it is also possible to overcome the
disadvantages caused by the visual assessment of radiologists,
which demonstrates an opportunity for the combination between
radiologists and machines in future clinical practice. Second, the
CAD system exhibited no statistically significant difference in
specificity compared with the senior radiologist. In addition, the
sensitivity and accuracy were higher. This finding implied that the
CAD system could reduce unnecessary biopsies and also help to
lighten the load of radiologists. Besides, all individual radiologists
significantly improvedwith CAD assistance, which could serve as a
supplementary diagnosis for radiologists to minimize missed
diagnoses, Especially for inexperienced radiologists. Lastly, the
CAD system’s diagnostic efficiency for assessing response to
chemotherapy during treatment was evaluated, which further
reflected the clinical value of the CAD system.

We further analyzed whether the efficiency of diagnosis of the
CAD systems was affected by molecular typing. In previous studies,
Cain developed a multivariate machine learning model using 288
pre-NAC MRIs. They found that this model was significantly
associated with pCR in TN/HER2 + patients, reaching an AUC of
0.707 (20). Braman also identified that the TN/HER2 + combined
tumor subtype could predict pCR more accurately than the HR and
HER2 + tumor subtypes (AUC = 0. 93) by extracting intratumoral
andperitumoral features (21).However, they groupedTNandHER2
+patients into a combinedTN/HER2+ cohort because of insufficient
sample sizes.Moreover, theyused thepre-NACMRI images,which is
different from our study. One of our methodologies vital advantages
was that our experiments utilize computers to process segmentation,
Frontiers in Oncology | www.frontiersin.org 665
classification, and subtypingof tumors simultaneously.Moreover,we
extracted 13 shape features and 48 texture features of tumor to
improve the classification. In summary, TN cancers seemed to carry
distinct radiomic signatures that enable CAD to separate frombreast
cancerswith other features.One possible explanation for thefindings
may be that the TN subtypes demonstrated more necrosis so the
texture may be more features in the images.

This study also has some limitations. First of all, the sample
capacity was relatively small, and selection bias was inevitable due to
the retrospective study nature. Therefore, additional studies with a
more significant number of NAC cases are required to establish the
clinical value of CAD in predicting the pCR after NAC. Second, the
MRI scans we used were only two-dimensional rather than three-
dimensional. So, itmaynothave represented theentire tumorexactly.
Finally, no formal training for the processed images was used in our
study. Although the processed images’ features were familiar to the
radiologists, a training set to allow radiologists to become familiar
with the CADmethod might enhance their confidence to use it.

In conclusion, the CAD system assessed in this study improves
the performance of all radiologists, regardless of experience, in
classifying pCR onMRI. The molecular typing of breast cancer is a
potential influencer of CAD diagnostic performance. Future work
will address using a larger independent dataset for testing to
improve its diagnostic performance and evaluate the clinical role
of CAD diagnosis. CAD systems may improve the specificity of
MRI and yield high clinical impact, especially among radiologists
with limited experience in MRI.
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Chylous leakage is a rare complication of breast and axillary surgery. We present a case of
chylous leakage inside the breast following breast-conserving surgery and axillary lymph
node dissection. The majority of chylous leakages in the breast are managed with
conservative measures aimed at reducing lymphatic fluid production and outflow.
Surgical intervention is required in cases of conservative treatment failure and high
output chylous leakage. To the best of our knowledge, this is the first case report of
chyles leaks inside the breast following breast-conserving surgery that was successfully
treated surgically.

Keywords: chylous leakage, breast cancer, breast-conserving, axillary clearance, case report management strategies
INTRODUCTION

Chylous leakage is a well-known complication of the neck, thoracic, and upper gastrointestinal
surgery. Its incidence ranges from 0.5% to 8.3% in neck dissection, with the majority of cases
occurring on the left side due to thoracic duct injury (1, 2). However, its occurrence following breast
and axillary surgery is a rare occurrence. In breast cancer surgery, the reported incidence ranges
from 0.36% to 0.84% in the literature (3). Given the exceedingly rare occurrence, there is currently
little guidance on the diagnosis and management of chylous leakage. We present a case of chylous
leakage after breast-conserving surgery and axillary clearance in a patient with solid papillary
carcinoma of the right breast.
CASE REPORT

A 67-year-old woman came to our hospital complaining of a lump in her right breast. An
ultrasound of the breast revealed a 2.5*2-cm solid mass in the upper outer quadrant of the right
breast, with no enlarged right axillary lymph node. Mammography revealed a high density, ill-
defined lump in the upper outer quadrant of the right breast. The patient was diagnosed with stage
IIA breast cancer. We decided to proceed with breast-conserving surgery, namely a lumpectomy
and sentinel lymph node biopsy using methylene blue injection through a single incision, after
discussing treatment options with the patient. During the operation, the rapid freezing pathology
March 2022 | Volume 12 | Article 878645167
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revealed solid papillary carcinoma with a negative surgical
margin. On frozen, one of three sentinel lymph nodes tested
positive for malignancy, necessitating level II axillary lymph
node dissection. In the axillary and breast cavity, a single drain
was placed. Histopathological examination revealed a highly
differentiated lumina A and 25mm solid papillary carcinoma in
the right breast. A total of 16 lymph nodes were removed. One of
them was found to have tumor metastasis. The patient was given
endocrine therapy in the form of 1 mg of anastrozole orally
every day.

Her postoperative recovery went smoothly. The drain was
removed on postoperative day (POD) 5, and the patient was
discharged on POD 7. On POD 10, she presented to our facility
with a slight swelling of the axilla. By puncturing the axillary
cavity, 20 milliliters of a milky fluid were aspirated. Initially, we
tried conservative treatment such as closed suction drainage, a
compressive bandage, and a low-fat diet. A biochemistry analysis
of the drainage fluid revealed 1201 mg/dL of triglycerides, and
the celiac test was positive. However, the daily output of the drain
was kept at around 200ml for two months (Figure 1). Following
the failure of conservative management, the patient refused
radiotherapy. After consulting with the patient, we decided to
perform exploration and mastectomy. The clear fluid was
observed to be coming from a single duct located in the breast
surgery bed rather than the axillary cavity. The duct was ligated,
and the breast was removed. The incision was closed after one
drain was placed. Drain output dropped to 80ml/d after the re-
operation, and it remained slightly milky for the next 10 days.
The drain was removed, and there has been no evidence on a
regular diet.
Frontiers in Oncology | www.frontiersin.org 268
DISCUSSION

Because of the anatomically more remote position of the thoracic
duct, chylous leakages are uncommon after breast and axillary
surgery. However, as the results show, chylous leaks are not
limited to the left side. Thoracic duct anatomical variants are well
documented in the literature (4). This is not surprising given that
only 50% of people have the typical anatomy. The duct may
empty on the right in 2-3% of cases, and bilateral emptying
occurs in 1.5% (5). Furthermore, the type of axillary procedure
used may play a role in determining which patients will
experience chylous leakage. Because the duct collapses after
injury, it is difficult to recognize lymphatic duct injuries
intraoperatively. Because of the rarity of lymphatic trunk
injury and the lack of well-known risk variables, it is also
difficult to predict injury to the lymphatic trunks preoperatively.

To the best of our knowledge, this is the first and only case of
celiac leakage in the breast following breast-conserving surgery
and axillary lymph node dissection. David T Pointer Jr described
a case of chyle leak after breast-conserving surgery and sentinel
lymph node biopsy. The celiac leakage was discovered at the site
of a sentinel lymph node biopsy rather than in the breast (6). The
other cases occurred after mastectomy and axillary lymph node
dissection, which had more extensive surgery than our presented
case (7, 8).

Chylous leakage is typically diagnosed when a milky white
fluid drains from the surgical drain. Biochemical testing of the
fluid’s electrolyte, protein, and lipid content, all of which are
compatible with chyle in these cases, confirms the definitive
diagnosis. Lymphoscintigraphy or computed tomography is a
useful tool for locating chyle fistulas and confirming
chyle collection.

The majority of chylous leakages respond to conservative
management. To avoid the formation of a collection, a low-
volume leak can be handled simply by draining and monitoring.
Negatively pressured drainage and free drainage were described
in the literature, and the use of pressure bandaging in
conjunction with drainage was also mentioned (9). Local
injection of hypertonic glucose or meglumine diatrizoate was
thought to be an effective treatment for refractory chylous
leakage, because drugs can cause aseptic inflammation,
resulting in lymphatic vessel closure (10, 11). Dietary fats are
known to increase chyle volume, a low-fat diet may help to
reduce flow volumes and allow damaged lymphatic capillaries to
repair. As a result, in primary conservative management, a diet
rich in medium-chain triglycerides (MCT) or parenteral
nutrition support is recommended (12). Some authors
advocate the use of octreotide to reduce chylous output by
inhibiting gastrointestinal motility and secretions (13).

Surgical intervention of chyle leak, on the other hand, has
been discussed in a number of studies (6, 14, 15). Some authors
believe that early surgical intervention may be beneficial in
patients who have failed to respond to initial dietary and/or
medical interventions. Because the risk of re-exploration of the
axilla and breast is low, and earlier chylous fistula ligation can
prevent subsequent oncologic treatments from being delayed, the
damaged lymphatic channel is directly ligated during surgery.
FIGURE 1 | After percutaneous drainage, chylous fluid was present in bulb.
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Intraoperative orogastric or nasogastric boluses of “heavy
cream,” as demonstrated by Pointer and colleagues, can aid in
the identification of the leaking vessel (6). As an alternative,
plugging with gel foam, adhesive, local muscle rotation flaps, or
other packing materials could be considered.
CONCLUSION

Chylous leakage following breast conserving surgery and axillary
clearance is a rare but significant complication. The majority of
chylous leakage occurs during axillary surgery; however, we
should be aware of the possibility of chylous leakage during
breast surgery as well. Individualized management of chylous
leakage following breast and axillary dissection is required. Early
surgical intervention is recommended for conservative treatment
failure and high output fistulas.
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Pan-Immune-Inflammation
Value: A New Prognostic Index
in Operative Breast Cancer
Fei Lin1,2†, Li-Ping Zhang4†, Shuang-Yan Xie1,2†, Han-Ying Huang1,2, Xiao-Yu Chen1,2,
Tong-Chao Jiang1,2, Ling Guo1,3*‡ and Huan-Xin Lin1,2*‡

1 State Key Laboratory of Oncology in South China, Guangdong Key Laboratory of Nasopharyngeal Carcinoma Diagnosis
and Therapy, Sun Yat-sen University Cancer Center, Collaborative Innovation Center for Cancer Medicine, Guangzhou,
China, 2 Department of Radiotherapy, Sun Yat-sen University Cancer Center, Guangzhou, China, 3 Department of
Nasopharyngeal Carcinoma, Sun Yat-sen University Cancer Center, Guangzhou, China, 4 Department of Oncology,
Guangdong Province Hospital of Integrated of Traditional Chinese and Western Medicine, Foshan, China

Background: To build a predictive scoring model based on simple immune and
inflammatory parameters to predict postoperative survival in patients with breast cancer.

Methods: We used a brand-new immuno-inflammatory index—pan-immune-
inflammation value (PIV)—to retrospectively evaluate the relationship between PIV and
overall survival (OS), and based on the results of Cox regression analysis, we established a
simple scoring prediction model based on several independent prognostic parameters.
The predictive accuracy of the model was evaluated and independently validated.

Results: A total of 1,312 patients were included for analysis. PIV was calculated as
follows: neutrophil count (109/L) × platelet count (109/L) × monocyte count (109/L)/
lymphocyte count (109/L). According to the best cutoff value of PIV, we divided the
patients into two different subgroups, high PIV (PIV > 310.2) and low PIV (PIV ≤ 310.2),
associated with significantly different survival outcomes (3-year OS, 80.26% vs. 86.29%,
respectively; 5-year OS, 62.5% vs. 71.55%, respectively). Six independent prognostic
factors were identified and used to build the scoring system, which performed well with a
concordance index (C-index) of 0.759 (95% CI: 0.715–0.802); the calibration plot showed
good calibration.

Conclusions: We have established and verified a simple scoring system for predicting
prognosis, which can predict the survival of patients with operable breast cancer. This
system can help clinicians implement targeted and individualized treatment strategies.

Keywords: breast cancer, nomogram, PIV, index, prognosis
INTRODUCTION

Breast cancer is the most common malignant tumor in women (1, 2) and has the highest incidence
among all malignancies affecting women according to the WHO (3). Although the overall survival
(OS) rate of breast cancer has improved owing to advancements in diagnosis and treatment over the
past decades (4), there is still a non-negligible fraction of patients with poor outcomes, and the latest
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study shows that some high-income countries report continuous
substantial improvements exceeding 2% annual mortality
reduction of breast cancer; however, many low- and middle-
income countries have changeless or even increasing mortality
rates (5, 6). Moreover, it is known that breast cancer patients
with the same clinical stage and receiving the same treatment
may have completely different outcomes. Because of such
prognostic heterogeneity (7), carrying out individualized
precision treatment is paramount to treatment success.
Therefore, it is necessary to identify new and suitable
alternative biomarkers for better prognostic stratification and
prediction of treatment outcomes.

At present, many studies have proven that inflammatory
factors such as IL-6 and TGF-b, inflammatory reactions, and
the immune system are associated with the development and
progression of two types of cancer attributable to chronic
inflammatory disease: cholangiocarcinoma and colitis-
associated colorectal cancer (8, 9). Research has shown that
macrophages, essential components of the immune-
inflammatory response, are implicated in inflammatory
mechanisms and can therefore facilitate tumorigenesis in
colorectal cancer (10). In addition, studies have demonstrated
that hematologic parameters such as lymphocyte level are
promising biomarkers of the body’s immune and inflammation
status (11). In recent years, research on immune-inflammatory
biomarkers (IIBs), compared with traditional tumor-related
biomarkers, that can affect the prognosis of breast cancer has
shown significant progress. Several easy-to-obtain and blood-
based IIBs have been proven as potential independent prognostic
factors in breast cancer, such as neutrophil-to-lymphocyte ratio
(NLR), platelet-to-lymphocyte ratio (PLR), and systemic
immune-inflammation index (SII) (12–16).

Because of the complex interactions between the tumor and
host immune-inflammatory responses (17), the abovementioned
indicators based on simple calculations inevitably limit the
prediction power of the prognosis. The pan-immune-
inflammation value (PIV), a new comprehensive biomarker
involving the neutrophil, platelet, monocyte, and lymphocyte
counts, has been proven to be a strong predictor of survival
outcomes with better performance than other well-known IIBs in
patients with metastatic colorectal cancer (18). However, the
prognostic value of PIV is rarely reported in breast cancer.
Therefore, this study aimed to clarify the prognostic value of
PIV in breast cancer.
METHODS

Patients
In all, 1,312 patients were included in this retrospective study
who underwent surgery at the Sun Yat-sen University Cancer
Center (SYSUCC; Guangzhou, China) between December 2010
and October 2012. The inclusion criteria were as follows: 1)
pathologically confirmed breast cancer and 2) receipt of
mastectomy or lumpectomy. The exclusion criteria were as
follows: 1) relapse and de novo breast cancer; 2) complicated
with another primary tumor; 3) ductal carcinoma in situ (DCIS);
Frontiers in Oncology | www.frontiersin.org 271
4) male breast cancer; 5) receipt of any antitumor treatment
before surgery; 6) concurrent hematological, autoimmune, or
acute/chronic inflammatory disease; 7) incomplete laboratory
data resulting in the non-calculation of the PIV indicator; and 8)
follow-up loss. This study was approved by the Research Ethics
Committee of SYSUCC. All patients’ data were confidential.

Data Collection and Definitions
The list of patients who visited our hospital was obtained from the
follow-up department. Then the patient’s laboratory data were
checked through the case system and recorded in Excel in detail.
Laboratory data were collected 1 week before surgery (at first
diagnosis, before any treatment), and clinicopathological data
were collected from the patients’ medical records. The
calculation formula of each indicator was as follows: SII =
platelet count (109/L) × neutrophil count/lymphocyte count
(109/L); NLR = neutrophil count (109/L)/lymphocyte count
(109/L); PLR = platelet count (109/L)/lymphocyte count (109/L)
(19); and PIV = neutrophil count (109/L) × platelet count (109/L) ×
monocyte count (109/L)/lymphocyte count (109/L) (20). According
to the calculation formula mentioned above, the PIV and other
indicators were calculated in Excel, and the sorted data were
analyzed for further statistical analysis using R. Patients were
staged according to the eighth edition American Joint
Committee on Cancer—Tumor, Node, and Metastases (AJCC-
TNM) staging system (21). The expression of estrogen receptor
(ER) and progesterone receptor (PR) were scored using the St.
Gallen criteria (22). Human epidermal growth factor receptor-2
(HER-2) status was assessed according to the American Society of
Clinical Oncology–College of American Pathologists guidelines
(23, 24) by using immunohistochemistry or fluorescence in situ
hybridization (FISH) test. HER-2-negative status was defined as
immunohistochemistry showing HER-2+/++, or the FISH test
results are negative, or the FISH test was not performed; HER-2-
positive status was defined as immunohistochemical staining = 3+
or FISH positive/chromogenic in situ hybridization positive.

Follow-Up
Follow-up was performed telephonically or through a regular
outpatient surveillance system to record the condition of patients
or the cause and date of death if the patient had already died. In
this study, the endpoint was OS—defined as the time between the
date of diagnosis and death due to any reason. The date of the
last follow-up was considered the study endpoint for all surviving
patients. The date of the last follow-up was considered for
patients who did not reach the study endpoint.

Statistical Analysis
Continuous variables were presented as the median and
interquartile range (IQR). Categorical variables were presented
as frequency and percentage. A chi-square test and the Mann–
Whitney U test were used to analyze the association between PIV
groups and other clinicopathological characteristics. In this
research, a two-tailed p-value <0.05 was considered to indicate
statistical significance. Maximally selected rank statistics were
used to determine the optimal cutoff of continuous variables.
Survival curves were plotted using the Kaplan–Meier method,
April 2022 | Volume 12 | Article 830138
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and significance was determined by the log-rank test. All factors
with a p-value <0.05 detected in univariate analyses were entered
into the multivariate model to identify independent prognostic
factors. Before multivariate analyses, the proportional hazards
assumption test was performed using the Schoenfeld residuals.
The variables with p-value <0.05 in the multivariate analyses
were finally selected to build a prognostic model, which was
presented as a nomogram. Concordance index (C-index) was
used to evaluate the predictive accuracy of the nomogram. The
calibration curves were used to predict the ability of the
calibration between the predicted and actual survival. To avoid
overfitting, 1,000 bootstrap samples and 10-fold cross-validation
were also applied. All analyses were performed with R software
(http://www.R-project.org; version 4.0.2) and SPSS 25.0 (IBM
Corporation, Armonk, NY, USA).
RESULTS

The Optimal Cutoff Value of Pan-Immune-
Inflammation Value
The optimal cutoff value for PIV was 310.2 in the whole cohort by
using maximally selected rank statistics (Supplementary Figure 1).

Patient Characteristics and Relationship
Between Pan-Immune-Inflammation Value
and Clinicopathological Factors
A total of 1,312 breast cancer patients were enrolled in this
study. The relationship between clinicopathological
characteristics and PIV of the whole cohort is presented in
Table 1. Briefly, the median age of the patients was 48 years
(IQR, 41–57). From the perspective of the clinical stage, 317
(24.2%), 679 (51.7%), and 316 (24.1%) patients were diagnosed
with stage I, II, and III cancer, respectively. Overall, 1,109
(84.5%) patients had invasive ductal carcinoma, and 203
(15.5%) had other pathological types. The median body mass
index (BMI) of the patients was 23 (IQR, 20.8–25.2). The
median follow-up time was 78.4 months (IQR, 53.1–88). The
median PIV of the patients was 135.2 (IQR, 87.6–213.7).
Further, 387 (29.5%) patients were HER-2 positive, and 925
(70.5%) were negative. The median values of the pretreatment
platelet count, neutrophil count, monocyte count, and
lymphocyte count were 225 × 109/L, 3.65 × 109/L, 0.32 × 109/
L, and 1.9 × 109/L, respectively.

The analysis of the relationship between PIV and various
clinicopathological factors showed that PIV was significantly
associated with ER status (p = 0.02).

The whole cohort was randomly divided into a training set
and a validation set (ratio: 7:3) (Table 2). With respect to the PIV
group, 819 (89.0%) and 341 (87.0%) patients were assigned to the
low-PIV group in the training set and validation set, respectively.

Survival Analysis of Pan-Immune-
Inflammation Value Groups
According to the optimal cutoff value of PIV, the whole cohort
was divided into two groups: the low-PIV group (PIV ≤ 310.2)
Frontiers in Oncology | www.frontiersin.org 372
and the high-PIV group (PIV > 310.2). Figure 1 shows the
significant survival differences between the two groups. The 3-
year OS rates in the low-PIV group and the high-PIV group were
86.29% and 80.26%, respectively; the 5-year OS rates in the low-
PIV group and the high-PIV group were 71.55% and 62.50%,
respectively (hazard ratio (HR): 1.737, 95% CI: 1.096–2.755, log-
rank test, p = 0.016).

Moreover, we performed univariate and multivariate Cox
regression analyses for OS. Indicators that related to breast
cancer clinically and common IIBs such as NLR, PLR, and SII
were selected in the univariate analysis. The results have shown
that T stage, N stage, histopathological type, ER status, PR status,
HER-2 status, Ki-67, NLR, and PIV were potential factors
associated with OS (Table 3). The global p-value was 0.231 of
the PH-test, which means that the constructed multi-regression
analysis model is successful. The abovementioned indicators
were further analyzed in the multivariable Cox regression
analysis. In the final model, we observed that T stage, N stage,
histopathological type, PR status, Ki-67, and PIV were significant
independent prognostic factors of breast cancer (Table 3), which
is graphically presented as Supplementary Figure 2.

In the training set and validation set, we conducted survival
analyses and univariate and multivariate Cox regression analyses
(Tables S1, S2). The Kaplan–Meier survival curves of the training
cohort and validation cohort are presented in Supplementary
Figure 3 (training cohort, HR: 1.831, 95% CI: 1.077–3.111, log-
rank test, p = 0.021; validation cohort, HR: 1.687, 95% CI: 1.156–
3.068, log-rank test, p = 0.024). The results of survival analysis were
consistent with those of the whole set (all log-rank p < 0.05). The
results of univariate analysis and multivariate Cox regression
analyses were in line with the whole set as well.

Prognostic Analysis and Building
the Model
Based on the abovementioned independent factors, a
prognostic model for the prediction of the 1-, 3-, and 5-year
OS was built and graphically presented as a nomogram
(Figure 2) . The prognost ic model showed a good
discriminating ability for OS prediction, with a C-index of
0.759 (95% CI: 0.715–0.802). The calibration curves of 1-, 3-,
and 5-year OS illustrated good calibration between the
predicted and actual survival probabilities in the whole
cohort (Figure 3).

Subgroup Analysis of Common Clinical
Variables
Subgroup analysis shows that there was no interaction between
PIV and clinicopathological characteristics in the whole cohort
(all p > 0.05, Figure 4).
DISCUSSION

The concept of tumor immunoediting includes the following three
phases: elimination, equilibrium, and escape (25). The mechanism
of immune escape is very complicated, which involves tumor-
April 2022 | Volume 12 | Article 830138
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associated antigens, tumor gene mutation, several types of
immune cells, an inflammatory microenvironment, and a tumor
microenvironment (TME) (26). The TME includes not only the
tumor cells but also immune and inflammatory cells (27, 28).
One study showed that tumor cells interact with platelets both
inside the TME and in the bloodstream or ascitic fluid (29).
Another study reported that neutrophils promote tumor cell
growth and progression by secreting cytokines and chemokines
so as to offer a proper microenvironment for tumor cells (30).
Tumor-associated macrophages (TAMs) are derived from
circulating monocytes and play a crucial role in the formation
Frontiers in Oncology | www.frontiersin.org 473
of TME by promoting tumor progression and metastasis (31).
The characteristics of the TME are hypoxia, chronic
inflammation, and immunosuppression, which make a more
complex network mechanism to regulate the relationship
between systemic inflammation, local immune response,
cancer progression, and patient survival (32–34).

In the current study, we used real-world data to assess the
prognostic value of the PIV in operable breast cancer. The results
showed that PIV, a new immune-inflammation score, was an
independent predictor for breast cancer. Another study on PIV
in metastatic colorectal cancer arrived at a similar conclusion as
TABLE 1 | The relationship between PIV and clinicopathological characteristics in the whole cohort.

Characteristic Total (N = 1,312) High-PIV group (N = 152) Low-PIV group (N = 1,160) p

Age (years), median (IQR) 48 (41–57) 46 (40–55) 48 (41–57) 0.127
Tumor stage 0.292
T1 467 (35.6) 52 (34.2) 415 (35.8)
T2 719 (54.8) 79 (52.0) 640 (55.2)
T3 65 (5.0) 10 (6.6) 55 (4.7)
T4 61 (4.6) 11 (7.2) 50 (4.3)
Node stage 0.178
N0 687 (52.4) 69 (45.4) 618 (53.3)
N1 345 (26.3) 42 (27.6) 303 (26.1)
N2 163 (12.4) 26 (17.1) 137 (11.8)
N3 117 (8.9) 15 (9.9) 102 (8.8)
Clinical stage –

I 317 (24.2) 30 (19.7) 287 (24.7)
II 679 (51.7) 73 (48.0) 606 (52.3)
III 316 (24.1) 49 (32.3) 267 (23.0)
BMI kg/m2, median (IQR) 23 (20.8–25.2) 23.4 (21.0–25.7) 22.9 (20.8–25.1) 0.158
Histological type 0.902
Invasive ductal carcinoma 1,109 (84.5) 129 (84.9) 980 (84.5)
Others 203 (15.5) 23 (15.1) 180 (15.5)
ER status 0.020*
Positive 942 (71.8) 97 (63.8) 845 (72.8)
Negative 370 (28.2) 55 (36.2) 315 (27.2)
PR status 0.413
Positive 842 (64.2) 93 (61.2) 749 (64.6)
Negative 470 (35.8) 59 (38.8) 411 (35.4)
HER-2 status 0.975
Positive 387 (29.5) 45 (29.6) 342 (29.5)
Negative 925 (70.5) 107 (70.4) 818 (70.5)
Ki-67 0.349
>14% 575 (43.8) 72 (47.4) 503 (43.4)
≤14% 737 (56.2) 80 (52.6) 657 (56.6)
Adjuvant chemotherapy 0.285
Yes 1,066 (81.3) 111 (73.0) 955 (82.3)
No 246 (18.7) 41 (27.0) 205 (17.7)
Radiotherapy 0.761
Yes 350 (26.7) 43 (28.3) 307 (26.5)
No 962 (73.3) 109 (71.7) 853 (73.5)
Endocrine therapy 0.818
Yes 680 (51.8) 79 (52.0) 601 (51.8)
No 632 (48.2) 73 (48.0) 559 (48.2)
Target therapy 0.485
Yes 95 (7.2) 15 (9.9) 80 (6.9)
No 1,217 (92.8) 137 (90.1) 1,080 (93.1)
PLT (109/L), median (IQR) 225 (190.0–265.0) 272 (236.9–310.5) 220.5 (186.0–255.2) –

NE (109/L), median (IQR) 3.7 (2.9–4.6) 5.3 (4.4–7.0) 3.5 (2.8–4.3) –

MONO (109/L), median (IQR) 0.3 (0.2–0.4) 0.5 (0.4–0.6) 0.3 (0.2–0.4) –

LY (109/L), median (IQR) 1.9 (1.6–2.3) 1.63 (1.4–2.2) 1.91 (1.6–2.3) –
April 2022 | Volume 12 | Article 8
PIV low group (PIV ≤ 310.2) and PIV high group (PIV > 310.2).
PIV, pan-immune-inflammation value; IQR, interquartile range; BMI, body mass index; ER, estrogen receptor; PR, progesterone receptor; HER-2, human epidermal growth factor receptor-
2; PLT, platelet count; NE, neutrophil count; MONO, monocyte count; LY, lymphocyte count.
*p < 0.05.
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ours (18). Patients with low PIV have a better prognosis than
those with high. What is more, we compared the effectiveness of
PIV and the traditional TNM staging system in predicting
prognosis by using time-dependent receiver operating
characteristic (ROC) analysis; it revealed that PIV had higher
accuracy in predicting OS than the traditional TNM staging
system (Supplementary Figure 4), further highlighting the
clinical application value of PIV.

In routine clinical work, for breast cancer, clinicians often
determine the treatment according to molecular subtype, gene
expression features, and clinical stage. In our study, subgroup
analysis showed that there was no interaction between PIV
and clinicopathological characteristics, which proves that the
PIV has predictive consistency for each subgroup statistically.
Of course, its real clinical application value needs to be
confirmed by larger-scale data and prospective studies in
the future.

The results of correlation analysis showed a relationship
between PIV and ER status; the exact reason why PIV and ER
status are significantly associated remains unclear. One of the
possible reasons is selection bias. Although this association is
Frontiers in Oncology | www.frontiersin.org 574
statistically significant, it remains to be seen in future studies
whether there is a true clinical relevance.

Several studies also have shown that patients with high levels
of NLR, PLR, and SII have a poor prognosis in operable breast
cancer (14, 35–37). The conclusion is as follows: NLR, PLR, and
SII were independent prognostic factors in these studies. These
findings were different from ours. As to NLR in our study,
patients with low NLR showed a better prognosis than those with
high NLR (Supplementary Figure 5), which is consistent with
other studies (14) (38, 39). However, further multivariate Cox
regression analysis showed that NLR is not an independent
prognostic factor for breast cancer patients, while PIV is. The
reason for this difference remains unclear. Perhaps, the small
sample size of patients in this study did not allow us draw a
conclusion between NLR and independent prognostic factors. As
to PLR and SII, the univariate analysis, showed that neither PLR
nor SII was a potential factor associated with OS for breast cancer
in our study. The relationship between NLR, PLR, SII, and breast
cancer prognosis is complex: many reports concluded that NLR
(14, 40, 41), PLR (37, 42, 43), and SII (16, 44, 45) were
independent prognostic factors for breast cancer, but there are
also many studies that do not support the conclusion mentioned
above (46–49). This may be related to the selection of the
population and the included variables. In our current research,
1,312 patients were included in this retrospective study who
underwent surgery at the Sun Yat-sen University Cancer Center
between December 2010 and October 2012, and we included a
new variable, PIV, a novel indicator of combined immuno-
inflammation nutrition; time-dependent ROC curves show that
PIV has better prognostic value than NLR, PLR, and SII
(Supplementary Figure 6).

As PIV is a relatively novel biomarker, few studies on PIV
have been reported thus far. A previous study (50) showed that a
low PIV value predicts better chemotherapy response and
survival in breast cancer patients treated with neoadjuvant
chemotherapy. Another previous study (20) showed that PIV
is a new and potent predictor of OS in HER-2-positive advanced
BC patients treated with first-line trastuzumab–pertuzumab-
containing biochemotherapy.

Our study has some limitations. First, there were inevitable
flaws due to the nature of the retrospective observational design
(51). Second, there were a relatively limited number of patients
enrolled in this study. Third, patients included in this research
were from a single cancer center. Therefore, potential selection
bias could have led to data not being representative of the true
distribution of PIV values in the whole cohort.

What is more, there was a very important point that the
methods of obtaining the optimal cutoff value of PIV varied
among studies. One study (52) used the median value of this
parameter in the clinical cohort, while others (53–55) used the
ROC curve to obtain the optimal value. In this study, we classified
the candidate continuous index according to the cutoff point
determined by the maximally selected rank statistics using the
“maxstat” package of R software (56), a widely recognized and
applied method in many studies (57–59). Thus, the cutoff value of
PIV varies among studies, which limited the clinical use of this
TABLE 2 | The baseline characteristics between the training and validation
datasets.

Characteristics Training set (N = 920) Validation set (N = 392)

Age (years), median (IQR) 48 (42–57) 47 (44–55)
Tumor stage
T1 330 (35.9%) 137 (35.0%)
T2 508 (55.2%) 211 (53.8%)
T3 39 (4.2%) 26 (6.6%)
T4 43 (4.7%) 18 (4.6%)
Node stage
N0 470 (51.0%) 217 (55.4%)
N1 254 (27.6%) 91 (23.2%)
N2 123 (13.4%) 40 (10.2%)
N3 73 (8.0%) 44 (11.2%)
Clinical stage
I 222 (24.2%) 95 (24.2%)
II 476 (51.7%) 203 (51.8%)
III 222 (24.1%) 94 (24.0%)
Histological type
Invasive ductal carcinoma 781 (84.9%) 328 (83.7%)
Others 139 (15.1%) 64 (16.3%)
ER status
Positive 661 (71.8%) 281 (71.7%)
Negative 259 (28.2%) 111 (28.3%)
PR status
Positive 591 (64.2%) 251 (64.0%)
Negative 329 (35.8%) 141 (36.0%)
HER-2 status
Positive 202 (22.0%) 82 (20.9%)
Negative 718 (78.0%) 310 (79.1%)
Ki-67
>14% 403 (43.8%) 172 (43.9%)
≤14% 517 (56.2%) 220 (56.1%)
PIV
>310.2 101 (11.0%) 51 (13.0%)
≤31.02 819 (89.0%) 341 (87.0%)
IQR, interquartile range; ER, estrogen receptor; PR, progesterone receptor; HER-2,
human epidermal growth factor receptor-2.
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biomarker. The cutoff value determined in this study needs more
research for further verification.

In addition, it must be mentioned that though we have
established the model by randomly dichotomizing into the
training and testing groups (at 7:3) in our study, we
Frontiers in Oncology | www.frontiersin.org 675
established the model by using the training cohort and
validated the model by using the testing cohort. Also, we
have made multifaceted efforts to validate our results. We
tried to use different cohorts from public databases to
validate the findings outlined in this study. Public databases
FIGURE 1 | Kaplan–Meier survival curves with breast cancer after surgery between the high-PIV group and low-PIV group in the whole cohort. PIV, pan-immune-
inflammation value.
TABLE 3 | Univariate and multivariate analyses of overall survival.

Characteristic Univariate analysisHazard ratio (95% CI) p Multivariate analysisHazard ratio (95% CI) p

Age (years) 1.153 (0.811–1.640) 0.427 – –

T stage# 2.415 (1.547–3.771) <0.001* 1.633 (1.027–2.596) 0.038*
N stage# 5.572 (3.823–8.121) <0.001* 4.719 (3.195–6.971) <0.001*
Histopathological Type 2.674 (1.306–5.473) 0.007* 2.668 (1.302–5.468) 0.007*
ER status 0.572 (0.399–0.822) 0.002* 0.902 (0.521–1.563) 0.713
PR status 0.568 (0.399–0.808) 0.002* 0.695 (0.483–0.998) 0.049*
HER-2 status 1.691 (1.181–2.421) 0.004* 1.231 (0.845–1.793) 0.279
Ki-67 2.197 (1.526–3.162) <0.001* 1.713 (1.175–2.497) 0.005*
NLR group 1.440 (1.0122.051) 0.043* 1.598 (0.574–2.365) 0.064
PLR group 1.488 (0.981–2.232) 0.062 – –

SII group 1.356 (0.903–2.037) 0.142 – –

PIV group 1.737 (1.096–2.755) 0.016* 1.720 (1.083–2.730) 0.021*
April 2022 | Volume 12 | Article
A Cox proportional hazards model was used to conduct multivariate analyses. All variables were transformed into categorical variables. HRs of variables were calculated as follows:
Age (>48 vs. ≤48 years); T stage (T1 vs. T234); N stage (N012 vs. N3); histological Type (invasive ductal carcinoma vs. others); ER (negative vs. positive); PR (negative vs. positive);
HER-2 (negative vs. positive); Ki-67 (≤14% vs. >14%); NLR group (≤1.99 vs. >1.99); PLR group (≤160.25 vs. >160.25); SII group (≤642.23 vs. >642.23); PIV group (≤310.20 vs.
>310.20).
HR, hazard ratio; ER, estrogen receptor; PR, progesterone receptor; HER-2, human epidermal growth factor receptor-2; NLR, neutrophil-to-lymphocyte ratio; PLR, platelet-to-lymphocyte
ratio; SII, systemic immune-inflammation index; PIV, pan-immune-inflammation value.
#According to the eighth edition of the Union for International Cancer Control/American Joint Committee on Cancer (UICC/AJCC) staging system.
*p < 0.05.
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such as the Surveillance, Epidemiology, and End Results (SEER)
database and The Cancer Genome Atlas (TCGA) database were
tried for validation, but none of them provided laboratory data
(platelet counts, etc.). To the best of our knowledge, there are
no available published public databases containing routine
preoperative laboratory data. Also, we have been seeking data
help from colleagues at Sun Yat-sen Memorial Hospital and
Guangdong Provincial People’s Hospital in China, as well as
from the organization Korean Breast Cancer Society in Korea.
There are still some difficulties; regrettably, we have not
Frontiers in Oncology | www.frontiersin.org 776
obtained enough external validation data to confirm our
findings so far. But we are actively seeking cooperation from
other centers to verify the results. This is a limitation that
should be considered.

The main strength of this study is that we believe we have
supplemented the current knowledge of supporting evidence that
PIV is independently related to survival outcomes in patients
with breast cancer. We hope that future studies can further
validate and confirm the application of the PIV indicator to other
cancers as well.
FIGURE 2 | Nomogram to predict 1-, 3-, and 5-year overall survival generated using the whole cohort. IDC, invasive ductal carcinoma.
FIGURE 3 | Calibration curves to predict 1-, 3-, and 5-year overall survival in the whole cohort.
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CONCLUSION

The PIV appears to be an independent predictor of OS in
patients with operable breast cancer. The proposed nomogram
could be a useful tool for individualized assessment of prognosis.
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Supplementary Figure 5 | Kaplan-Meier survival curves of breast cancer patients
after surgery between the high-NLR group and low-NLR group in the whole cohort.
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Supplementary Figure 6 | Time-dependent ROC curve compared with PIV and
(A) NLR, (B) PLR, (C) SII.
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Background: Contralateral axillary lymph node metastasis (CAM) is classified as distant
metastasis in guidelines, but the prognosis is better than that of stage IV patients. It is
controversial to classify CAM as a distant metastasis or a regional metastasis, and the
optimal treatment strategy for CAM is unknown.

Patients and Methods: Breast cancer patients who were confirmed by pathology and
treated at Shandong Cancer Hospital between January 2012 and July 2021 were
included in our study. We retrospectively reviewed the medical records of the patients
for their clinical features, pathological diagnosis, treatment strategy, and follow-up data.
Survival analysis was calculated by Kaplan–Meier analysis, and patient matching was
performed by case–control matching.

Results: A total of 60 patients were included, and there were 49 metachronous CAM
cases and 11 synchronous CAM cases. The prognosis of isolated CAM patients was
better than that of patients with other distant metastases in terms of CAM-OS and PFS
with significant differences (median CAM-OS 71.0 vs. 30.0 months, P=0.022; median PFS
42.0 vs. 11.0 months, P=0.009) and OS without significant differences (median OS 126.0
vs. 79.0 months, P=0.111). The five-year survival rate of isolated CAM patients was
67.4%, and the five-year disease-free survival (DFS) rate was 52.9%. The prognosis of
CAM patients was similar to that of N3M0 patients in terms of OS (mean OS 82.4 vs. 65.6
months, P=0.537) and DFS (mean PFS 54.5 vs. 52.6 months, P=0.888). Axillary lymph
node dissection (ALND) or low-middle level ALND significantly improved the OS (mean OS
237.4 vs. 111.0 months, P=0.011), CAM-OS (mean CAM-OS 105.2 vs. 46.6 months, P =
0.002), and PFS (mean PFS 92.3 vs. 26.9 months, P = 0.001) of isolated CAM patients.
Axillary radiotherapy improved PFS, CAM-OS, and OS but without significant differences
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(mean PFS 80.0 vs. 46.6 months, P = 0.345; mean CAM-OS 86.8 vs. 72.1 months, P =
0.338; mean OS 147.6 vs. 133.0 months, P = 0.426).

Conclusion: CAM should be diagnosed as local recurrence and treated with aggressive
and curative rather than palliative strategies. Contralateral axillary surgery and
radiotherapy are recommended for isolated CAM patients.
Keywords: contralateral axillary lymph node metastasis (CAM), breast cancer staging, local recurrence, treatment
strategy, breast carcinoma (BC)
INTRODUCTION

The presence of contralateral axillary lymph node metastasis
(CAM) without other organ involvement in breast cancer is rare
with a reported incidence ranging between 0.81 and 6% of the
total population (1–5).

The regional lymph nodes of the breast include the ipsilateral
axillary, subclavian, supraclavicular, and internal mammary
lymph nodes, but contralateral axillary lymph nodes are not
included. CAM larger than 0.2 mm is classified as M1 (stage IV)
rather than stage III according to the TNM classification in the
seventh edition of the American Joint Commission on Cancer
(AJCC) (6). However, the prognosis of CAM patients is better
than that of stage IV patients (7).

The optimal treatment strategies are controversial, especially
when CAM is the primary event of recurrence after primary
tumor treatment. There is no standard treatment guideline for
CAM, and patients need individualized treatment. At present,
the impact of different treatment strategies on the prognosis of
CAM is not clear. To date, the relevant literature consists of
small-scale studies or case reports, and the details and integrity
of the literature data vary greatly (8).

The mechanism of isolated CAM is different from that of
CAM with ipsilateral mammary recurrence, and the occurrence
of isolated CAM occurs much earlier. Isolated CAM may be an
occult contralateral nodal metastasis of the primary breast cancer
remaining in situ during the treatment, while CAM with
ipsilateral mammary recurrence should be regarded as a
regional metastasis recurrent breast tumor (8).

Whether CAM is regarded as a distant metastasis or a regional
metastasis to the contralateral breast is currently controversial.
There is a lack of large-scale clinical studies on the treatment and
prognosis of CAM due to its low morbidity. It is difficult to
develop a treatment strategy when CAM is the first event after
treatment failure of the primary tumor, especially without other
distant organ metastasis. In the present study, we aimed to
evaluate the clinicopathologic characteristics of the tumor and
the prognosis of patients who suffered from CAM, and we also
aimed to clarify the stage and therapeutic approaches of CAM.
MATERIALS AND METHODS

The present study was a single-center, retrospective study. Breast
cancer patients who were confirmed by pathology and treated at
281
Shandong Cancer Hospital between January 2012 and July 2021
were included in our study. Patients who were initially diagnosed
as N3M0 and CAM patients were included in the study. CAM
was defined as synchronous CAM if the cases were diagnosed at
the same time as the primary tumor or within 1 year after the
initial diagnosis of the primary tumor. If CAM was detected over
1 year after the initial diagnosis of the primary tumor, we defined
the cases as metachronous CAM. The diagnostic methods of
CAM included pathological diagnosis of operation/biopsy, fine
needle aspiration cytology, and imaging diagnosis. In addition to
the contralateral axillary lymph nodes, patients with metastasis
of other sites were also included in this study. The clinical,
pathological, and prognostic data of all patients were collected in
this study.

Estrogen receptor (ER) and progesterone receptor (PR) testing
was performed by immunohistochemistry (IHC). Cancers with
1%–100% of cells positive for ER/PR expression were considered
ER-/PR-positive, and cancers with <1% staining were considered
negative. HER2 testing was performed using methodology
outlined in the ASCO/CAP HER2 testing guideline.

Continuous data are expressed as medians and intervals, and
categorical data are expressed as counts and percentages. The
therapeutic effect was evaluated by overall survival (OS), overall
survival after CAM diagnosis (CAM-OS), disease-free survival
(DFS), and progression-free survival (PFS). Cam-OS was defined
as the time from the diagnosis of CAM to death. Survival analysis
was calculated by Kaplan–Meier analysis. Case–control
matching was performed by molecular type, year of diagnosis,
and age of diagnosis.
RESULTS

Initial Clinic-Pathological Characteristics
and Metastasis
A total of 60 CAM patients were selected from 1247 advanced
breast cancer patients in this study. The clinical and pathological
characteristics at the time of the initial diagnosis are summarized
in Table 1.

All of the patients were female. The onset age ranged from 23
to 69 years, and the median/mean onset age was 44.0/44.9 years.
The primary tumor pathological type was definite in 49 patients,
including 42 invasive ductal carcinomas, 1 myeloid carcinoma, 2
lipid secreting carcinomas, and 4 invasive lobular carcinomas.
There was a significant difference in OS, CAM-OS, and PFS
April 2022 | Volume 12 | Article 869397
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among patients with different molecular types at the initial
diagnosis (P<0.001, P=0.003, and P=0.001, respectively;
Figures 1A–C).

There were 49 metachronous CAMs and 11 synchronous
CAMs. The median time from the initial diagnosis to the
occurrence of CAM was 30.5 months, and the mean time was
45.5 months (range 0-185 months), including 2 cases diagnosed
with CAM at the initial diagnosis, 4 cases diagnosed with CAM
within 6 months, and 11 cases diagnosed with CAM within
12 months.

The molecular types of the contralateral axillary lymph nodes
were definite in 17 cases (Table 2).

At the time of initial diagnosis, 34 patients had isolated CAM
without other distant metastasis, and 26 patients had
complicated other distant metastasis, including 17 patients
with bone metastasis, 4 patients with lung metastasis, 3
patients with brain metastasis, and 11 patients with
liver metastasis.

Treatment for CAM and Prognosis
There were 2 patients who refused any treatment after CAM. Of
the remaining cases, 52 patients received chemotherapy, 8
patients received anti-HER2 therapy, 6 patients received
contralateral axillary radiotherapy, and 16 patients received
endocrine therapy. A total of 20 patients underwent
contralateral axillary lymph node dissection (ALND) or low-
middle level ALND, and 3 patients underwent surgical
castration. Detailed information on the pathological results of
lymph nodes at different levels was queried in 12 patients
(Table 3). Contralateral mastectomy was performed in 5
patients, and no tumor was found in the gland.

The prognosis of isolated CAM patients was better than that
of patients with other distant metastases in terms of CAM-OS
and PFS with significant differences (median CAM-OS 71.0 vs.
30.0 months, P=0.022; median PFS 42.0 vs. 11.0 months,
P=0.009) and OS without significant differences (median OS
126.0 vs. 79.0 months, P=0.111, Figures 2A–C).
TABLE 1 | Clinical and pathological characteristics of patients at initial diagnosis.

Variable Number Percent

Primary Side of Tumor 60
Left 47 78.3%
Right 13 21.7%

Menstrual status 60
Menopausal 18 30.0%
Premenopausal 42 70.0%

Primary Tumor Location 19
Inner Upper Quadrant 2 10.5%
Outer Lower Quadrant 4 21.1%
Outer Upper Quadrant 9 47.4%

Central Region 3 15.8%
Inflammatory Breast Cancer 1 5.3%

Histopathological Grade 26
I 0 0
II 14 53.8%
II-III 4 15.4%
III 8 30.8%

Stage 49
I 0 0
IIa 3 6.1%
IIb 7 14.3%
IIIa 12 24.5%
IIIb 3 6.1%
IIIc 22 44.9%
IV 2 4.1%

T Stage 49
0 1 2.0%
1 3 6.1%
2 23 46.9%
3 6 12.2%
4 16 32.7%

N Stage 54
0 5 9.3%
1 12 22.2%
2 11 20.4%
3 26 48.1%

Molecular Subtype 49
Luminal A 10 20.4%
Luminal B 9 18.4%
HER2 Enriched 15 30.6%
Triple Negative 15 30.6%
A B C

FIGURE 1 | Survival curves of CAM patients based on different molecular types at the initial diagnosis. (A) OS of CAM patients based on different molecular types at
the initial diagnosis. (B) CAM-OS of CAM patients based on different molecular types at the initial diagnosis. (C) PFS of CAM patients based on different molecular
types at the initial diagnosis.
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For the isolated CAM patients, 22 patients developed tumor
progression after CAM treatment with a mean PFS of 34.4
months, and 18 patients survived during the follow-up. The
five-year survival rate of isolated CAM patients was 67.4%, and
the five-year disease-free survival (DFS) rate was 52.9%.

ALND or low-middle level ALND significantly improved the
OS (mean OS 237.4 vs. 111.0 months, P=0.011; Figure 3A),
CAM-OS (mean CAM-OS 105.2 vs. 46.6 months, P = 0.002;
Figure 3B), and PFS (mean PFS 92.3 vs. 26.9 months, P = 0.001;
Figure 3C) of isolated CAM patients. Axillary radiotherapy
improved PFS, CAM-OS, and OS but without a significant
difference (mean PFS 80.0 vs. 46.6 months, P = 0.345; mean
CAM-OS 86.8 vs. 72.1 months, P = 0.338; mean OS 147.6 vs.
133.0 months, P = 0.426; Figures 4A–C).
TABLE 2 | Molecular types of primary tumors and contralateral axillary lymph nodes.

ER% PR% HER2 Ki67% Molecular Type CAM-ER% CAM-PR% CAM-HER2 CAM-Ki67% Molecular Type

1 — — — 10 Triple Negative — — — 5 Triple Negative

2 — — — 90 Triple Negative — — — 90 Triple Negative
3 — — — 50 Triple Negative — — — 85 Triple Negative

4 95 20 1+ 30 Luminal B — — — 30 Triple Negative

5 — — — Triple Negative

6 30 50 — 15 Luminal A 80 — 1+ 30 Luminal B

7 90 30 — 50 Luminal B

8 10 10 — 50 Luminal B 70 70 — 40 Luminal B

9 60 80 1+ 10 Luminal A 50 60 1+ 65 Luminal B

10 90 90 — 45 Luminal B 90 — — 40 Luminal B

11 80 20 — 10 Luminal A 90 — — 35 Luminal B

12 50 60 — 40 Luminal B 70 60 1+ 50 Luminal B

13 — 60 1+ 75 Luminal B

14 — — 3+ HER2-Enriched — — 3+ 60 HER2-Enriched

15 — — 3+ 15 HER2-Enriched — — 3+ 60 HER2-Enriched

16 — — 3+ 35 HER2-Enriched — — 3+ 15 HER2-Enriched

17 10 — 1+ 30 Luminal B — — 3+ 30 HER2-Enriched
April 2022 | Volu
me 12 | Article 86939
TABLE 3 | Metastatic status of contralateral axillary lymph nodes.

Level 1 lymph nodes Level 2 lymph nodes Level 3 lymph nodes

1 9/12 2/2 —

2 6/13 0/4 —

3 5/14 0/4 —

4 5/10 1/2 0/6
5 4/8 1/2 —

6 3/5 7/7 3/5
7 1/16 0/2 0/2
8 1/14 — 0/1
9 1/12 0/3 —

10 1/12 — —

11 1/10 — —

12 1/11 0/2 0/1
A B C

FIGURE 2 | Survival curves of CAM patients with or without other distant metastases. (A) CAM-OS of CAM patients with or without other distant metastases. (B)
PFS of CAM patients with or without other distant metastases. (C) OS of CAM patients with or without other distant metastases.
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Comparison of Prognosis Between N3M0
and CAM Patients
A total of 538 patients who were initially diagnosed with N3M0
were screened, and the molecular type was clear in 478 patients.
Case–control matching was performed between the 17 CAM
patients with definite molecular types of the contralateral
axillary lymph nodes and N3M0 patients with definite
molecular types by molecular type, year of diagnosis ±2, and age
of diagnosis ±2. Finally, a total of 16 pairs of patients were
successfully matched 1:1.

The prognosis of CAM patients after diagnosis of CAM was
similar to that of N3M0 patients after initial diagnosis in terms of
OS (mean OS 82.4 vs. 65.6 months, P=0.537, Figure 5A) and
DFS (mean DFS 54.5 vs. 52.6 months, P=0.888, Figure 5B).
Frontiers in Oncology | www.frontiersin.org 584
DISCUSSION

Although ipsilateral axillary lymph node metastasis is relatively
common in breast cancer, CAM is rare. CAM can be classified
into synchronous and metachronous CAM. The former, which is
much rarer, exists when the primary tumor is diagnosed, and the
latter appears after the treatment of the primary tumor (7, 9).

There are 3 possible sources for CAM as follows: 1) contralateral
metastasis from the primary breast cancer; 2) metastasis from an
occult primary in the ipsilateral breast; and 3) cancerization and
metastasis from an extramammary site, such as adenocarcinoma of
the uterus, gastrointestinal tract, ovary, thyroid, kidney, lymphoma,
melanoma, squamous cell carcinoma of lung, squamous cell
carcinoma of skin, or neurogenic tumor (10).
A B C

FIGURE 3 | Survival curves of CAM patients based on undergoing axillary surgery or not. (A) OS of CAM patients based on undergoing axillary surgery or not. (B)
CAM-OS of CAM patients based on undergoing axillary surgery or not. (C) PFS of CAM patients based on undergoing axillary surgery or not.
A B C

FIGURE 4 | Survival curves of CAM patients based on undergoing axillary radiotherapy or not. (A) OS of CAM patients based on undergoing axillary radiotherapy or
not. (B) CAM-OS of CAM patients based on undergoing axillary radiotherapy or not. (C) PFS of CAM patients based on undergoing axillary radiotherapy or not.
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Ultrasound and MRI are performed on the ipsilateral breast
of the CAM to determine whether there is a second primary
tumor. The accuracy of MRI is higher than that of ultrasound.
FDG PET/CT and lymphoscintigraphy are also used to detect the
contralateral axillary lymph node metastasis of a second primary
tumor (1). New breast primary tumors are in 33–75% of cases
after resection of the ipsilateral breast of the CAM and careful
pathological sectioning (10).

The actual incidence rate of CAM is difficult to assess. On the
one hand, it is difficult to assess whether there is occult breast
cancer due to a lack of magnetic resonance imaging, leading to
the overestimated morbidity of CAM. On the other hand, some
patients are unwilling to be reviewed or lost to follow-up,
resulting in underestimated morbidity.

Ipsilateral supraclavicular lymph node metastasis was
regarded as distant metastasis before the sixth edition of the
AJCC cancer staging manual. However, Brito et al. (11) have
shown that the DFS and OS of patients with ipsilateral
supraclavicular lymph node metastasis are similar to those of
patients with stage IIIB disease and significantly better than those
of patients with stage IV disease. Therefore, ipsilateral
supraclavicular lymph node metastasis is divided into
locoregional metastasis. In the present study, we found that the
DFS and OS of CAM patients were similar to those of N3M0
patients and significantly better than those of patients with other
distant metastases.

The occurrence of CAM is closely related to the degree of
malignancy on primary tumor histopathology and changes in the
lymphatic drainage pathway (4). The changes in the
physiological lymphatic drainage pathway can be caused by
tumor invasion of the skin, blockage of lymphatic vessels by
tumor thrombi, injury caused by radiotherapy, or surgical
treatment by autopsy. Haagensen et al. (12) postulated that
there may be deep lymphatic drainage through the deep fascia
Frontiers in Oncology | www.frontiersin.org 685
of the chest wall to the contralateral axillary. Using
lymphography, the change in the lymphatic drainage pathway
to the contralateral lymph nodes (such as axillary, internal
mammary, or supraclavicular lymph nodes) can be found after
breast or axillary surgery. Among 330 patients, Tokmak et al.
(13) showed that 2 cases (0.6%) had lymphatic imaging of the
contralateral axilla. Lizarraga et al. (14) demonstrated that 7.5%
(8/107) of the patients who did not undergo surgery had
contralateral lymphatic imaging. Lymphatic drainage outside
the ipsilateral axillary fossa existed in 20-57% of primary
breast cancer patients and in 0-2% of all patients at the initial
diagnosis (8). However, the proportion was 18-70% after a
previous operation or radiotherapy of the breast or axilla, and
14.7% of patients had contralateral axillary lymph drainage (8).

The occurrence of distant metastasis arises from circular
tumor cells in the body. The change in lymphatic drainage
may suggest that CAM is a local rather than a systemic
manifestation (1, 15). The change in lymphatic drainage is
more important than the invasiveness of tumors for CAM (9).
According to this theory, CAM could be treated actively rather
than conservatively.

Wang et al. (2) observed that CAM is associated with
aggressive tumors and has poor prognosis, and they suggested
that CAM is more likely to be distant metastases through
lymphatic routes than local metastases of second primary
tumors. CAM is well controlled by comprehensive treatment,
including chemotherapy and radiotherapy, while the effect of
axillary lymph node resection is insufficient. Mastectomy is not
recommended for CAM. However, Gingerich et al. (9) suggested
that CAM is secondary to lymphatic rather than hematogenous
spread, according to the altered lymphatic drainage and aberrant
pathways caused by surgery or radiotherapy. Based on this
theory, the treatment of CAM can be aggressive and curative
rather than palliative. We found that level 1 CAM was prior to
A B

FIGURE 5 | Survival curves of CAM and N3M0 patients. (A) OS of CAM and N3M0 patients. (B) DFS of CAM and N3M0 patients.
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that of level 2 and level 3 CAM, indicating that CAM may occur
through chest wall lymphatic drainage rather than deep
lymphatic drainage.

Chemotherapy and indicated endocrine therapy are
indispensable if distant metastasis is considered or potential
micrometastasis through skin lymphatic drainage outside the
area of surgery and radiotherapy is needed for treatment (16).
Morcos et al. (3) showed that the median DFS of 7 patients who
only received endocrine therapy reached 24 months, including
the longest time of 45 months of 1 case. Wang et al. (2) found
that patients may obtain more survival benefits from
chemotherapy or endocrine therapy than ALND or
mastectomy. Neoadjuvant chemotherapy may test the
sensitivity of treatment and improve the resectability of surgery
(16). The PFS of CAM patients was significantly improved by
radiotherapy (10 vs. 22 months) because radiotherapy can treat
occult breast cancer on the same side and eradicate potential
minute lesions in dermal lymphatics that may spread from the
contralateral primary tumor (2). Because anti-HER2 treatment
greatly improved the prognosis of breast cancer patients with
CAM (3), anti-HER2 treatment should be considered in the
treatment strategy of HER2-enriched cases (17, 18).

Surgery followed by radiotherapy is a reasonable and feasible
scheme for patients without distant metastasis (16).
Contralateral mastectomy is not recommended for the low
incidence of contralateral occult breast cancer, except for some
special cases, such as genetic breast cancer and CAM with
different pathological and immunohistochemical features from
the primary tumor (2, 3). None of the 9 patients who underwent
ALND had axillary lymph node recurrence during the follow-up
of 48 months (3, 10), and Huston et al. (10) showed that the DFS
times of 2 patients after ALND were 29 months and 32 months.
However, Wang et al. (2) considered that ALNDwas not effective
because there was no statistical significance. The condition of the
primary tumor and the timing of CAM should be considered in
the formulation of therapeutic strategies (19).

Due to the insufficient number of cases and unclear
immunohistochemical results, the effects of chemotherapy and
endocrine and targeted therapy were not statistically analyzed.
However, we still suggest that patients should receive more
aggressive treatment to improve prognosis. We recommend
axillary surgery for isolated CAM patients due to the improved
local control and prolonged survival. In general, we do not
recommend contralateral mastectomy because there was no
lesion found in the resected breasts of all five patients.
Although there was no significant difference, we suggest that
radiotherapy should be performed to improve prognosis.

The survival time of patients with CAM varied. Most of the
patients with synchronous CAM were at an advanced stage and
had a worse prognosis than patients with early breast cancer, but
patients with metachronous CAM had a longer survival time if
there was no distant metastasis diagnosed. Chkheidze et al. (7)
found that the mean CAM-OS was 27 months (range 7-40
months), the median OS after primary diagnosis was 32
Frontiers in Oncology | www.frontiersin.org 786
months (range 13-124 months), and the median interval from
CAM to distant metastasis was 18.5 months (range 5-33
months). The mean 5-year OS rate was 23% in patients with
bone metastases and only 13% in patients with visceral
metastasis (20). At present, Magnoni et al. (19) and Nash et al.
(21) confirmed that the prognosis of CAM is not similar to that
of metastatic breast cancer, but Guru et al. (22) suggested that
CAM is comparable to stage IV disease in its natural history.

Moossdorff et al. (8) showed that 22 of 48 patients were
followed up for a mean time of 50.3 months with an OS of 82.6%
and a DFS of 65.2%. The mean follow-up time was 69.2 months
for patients with isolated CAM, and the OS and DFS were 76.9%
and 46.1%, respectively. Magnoni et al. (19) reported that the
estimated OS was 72% at 5 years (95% CI 54–83), and
the estimated DFS was 61% at 5 years (95% CI 44–74). The
prognosis of patients with CAM was better than that of patients
with distant metastasis, and it was comparable to that of patients
with regional recurrence (5-year DFS, 56-84%). Postlewait et al.
(23) showed that inflammatory breast cancer patients with
isolated CAM had statistically similar survival to those with
stage III disease. Therefore, it seems unjustified to classify CAM
as distant metastasis.

In our analysis, the prognosis of CAM was much better than
that of distant metastasis and similar to that of N3M0. This is the
first study to directly compare the prognosis of N3M0 and CAM
patients. At the same time, the five-year survival and five-year
DFS rates of isolated CAM were similar to those of local
recurrence, indicating that CAM should be considered local
recurrence rather than distant metastasis.

Our study was a retrospective analysis with few patients
included, and there were some restrictions for the analysis
results. The subgroup analysis was limited due to insufficient
cases, and the analysis results may be biased due to individual
cases. Owing to the long span of cases and the change in
treatment concept, the patients included later were treated
more actively, resulting in the deviation of subgroup analysis.
CONCLUSION

A systemic examination should be completed to assess the status
of lymph nodes for patients with recurrent breast cancer,
especially for the contralateral axillary lymph nodes. Breast
MRI should be completed to exclude occult breast cancer for
CAM patients. Because the prognosis of CAM patients is similar
to that of N3M0 patients and significantly better than that of
patients with distant organ involvement, CAM should be treated
as local recurrence with aggressive and curative rather than
palliative strategies. The prognosis of CAM patients could be
improved by ALND or low-middle level ALND and
radiotherapy. Most isolated CAM will develop into distant
metas tas i s combined with other s i tes , and act ive
comprehensive treatment can control disease progression
more effectively.
April 2022 | Volume 12 | Article 869397

https://www.frontiersin.org/journals/oncology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/oncology#articles


Zhang et al. CAM in Breast Cancer
DATA AVAILABILITY STATEMENT

The raw data supporting the conclusions of this article will be
made available by the authors, without undue reservation.
ETHICS STATEMENT

The studies involving human participants were reviewed and
approved by Ethics Committee of the Affiliated Cancer Hospital
of Shandong First Medical University. The patients/participants
provided their written informed consent to participate in this
study. Written informed consent was obtained from the
Frontiers in Oncology | www.frontiersin.org 887
individual(s) for the publication of any potentially identifiable
images or data included in this article.
AUTHOR CONTRIBUTIONS

LZ: manuscript writing, data collection, and statistical
analysis. XW: manuscript writing, data collection, and
statistical analysis. CL: revision and manuscript writing. QY:
revision and manuscript writing. ZL: data collection and
manuscript reviewing. ZY: guarantor, revision, manuscript
writing, and supervision. The authors read and approved the
final manuscript.
REFERENCES

1. Strazzanti A, Gangi S, Trovato C, Pacini N, Basile F. Contralateral Lymph
Node Metastasis in a Woman With New Primary Breast Cancer: Systemic
Desease or Locoregional Diffusion? Int J Surg Case Rep (2018) 53:400–2. doi:
10.1016/j.ijscr.2018.11.001

2. Wang W, Yuan P, Wang J, Ma F, Zhang P, Li Q, et al. Management of
Contralateral Axillary Lymph Node Metastasis From Breast Cancer: A
Clinical Dilemma. Tumori (2014) 100(6):600–4. doi: 10.1177/1778.19258

3. Morcos B, Jaradat I, El-Ghanem M. Characteristics of and Therapeutic
Options for Contralateral Axillary Lymph Node Metastasis in Breast
Cancer. Eur J Surg Oncol (2011) 37(5):418–21. doi: 10.1016/j.ejso.2011.01.024

4. Zhou C, Richir MC, Leenders MW, Langenhorst BL, Knol HP, Schreurs WH,
et al. Contralateral Axillary Lymph Node Metastases at the Time of Primary
Breast Cancer Diagnosis: Curative or Palliative Intent? Case Rep Surg (2013)
2013:389013. doi: 10.1155/2013/389013

5. Devitt JE, Michalchuk AW. Significance of Contralateral Axillary Metastases
in Carcinoma of the Breast. Can J Surg (1969) 12(2):178–80.

6. Edge SB, Compton CC. The American Joint Committee on Cancer: The 7th
Edition of the AJCC Cancer Staging Manual and the Future of TNM. Ann
Surg Oncol (2010) 17(6):1471–4. doi: 10.1245/s10434-010-0985-4

7. Chkheidze R, Sanders MAG, Haley B, Leitch AM, Sahoo S. Isolated
Contralateral Axillary Lymph Node Involvement in Breast Cancer
Represents a Locally Advanced Disease Not Distant Metastases. Clin Breast
Cancer (2018) 18(4):298–304. doi: 10.1016/j.clbc.2017.10.019

8. Moossdorff M, Vugts G, Maaskant-Braat AJ, Strobbe LJ, Voogd AC, Smidt ML,
et al. Contralateral Lymph Node Recurrence in Breast Cancer: Regional Event
Rather Than Distant Metastatic Disease. A Systematic Review of the Literature.
Eur J Surg Oncol (2015) 41(9):1128–36. doi: 10.1016/j.ejso.2015.05.015

9. Gingerich J, Kapenhas E, Morgani J, Heimann A. Contralateral Axillary Lymph
NodeMetastasis in Second Primary Breast Cancer: Case Report and Review of the
Literature. Int J Surg Case Rep (2017) 40:47–9. doi: 10.1016/j.ijscr.2017.08.025

10. Huston TL, Pressman PI, Moore A, Vahdat L, Hoda SA, Kato M, et al. The
Presentation of Contralateral Axillary Lymph Node Metastases From Breast
Carcinoma: A Clinical Management Dilemma. Breast J (2007) 13(2):158–64.
doi: 10.1111/j.1524-4741.2007.00390.x

11. Brito RA, Valero V, Buzdar AU, Booser DJ, Ames F, Strom E, et al. Long-
Term Results of Combined-Modality Therapy for Locally Advanced Breast
Cancer With Ipsilateral Supraclavicular Metastases: The University of Texas
M.D. Anderson Cancer Center Experience. J Clin Oncol (2001) 19(3):628–33.
doi: 10.1200/JCO.2001.19.3.628

12. Haagensen CD. The Lymphatics in Cancer Vol. xvi. . Philadelphia: Saunders
(1972). p. 583.

13. Tokmak H, Kaban K, Muslumanoglu M, Demirel M, Aktan S. Management of
Sentinel Node Re-Mapping in Patients Who Have Second or Recurrent Breast
Cancer and had Previous Axillary Procedures. World J Surg Oncol (2014)
12:205. doi: 10.1186/1477-7819-12-205

14. Lizarraga IM, Scott-Conner CE, Muzahir S, Weigel RJ, GrahamMM, Sugg SL,
et al. Management of Contralateral Axillary Sentinel Lymph Nodes Detected
on Lymphoscintigraphy for Breast Cancer. Ann Surg Oncol (2013) 20
(10):3317–22. doi: 10.1245/s10434-013-3151-y

15. Kim JY, Lee H, Kim TS, Kang HS, Kim SK. Unusual Contralateral Axillary
Lymph Node Metastasis in a Second Primary Breast Cancer Detected by FDG
PET/CT and Lymphoscintigraphy. Nucl Med Mol Imaging (2017) 51(4):350–
3. doi: 10.1007/s13139-017-0485-6

16. Kiluk JV, Prowler V, Lee MC, Khakpour N, Laronga C, Cox CE, et al.
Contralateral Axillary Nodal Involvement From Invasive Breast Cancer.
Breast (2014) 23(3):291–4. doi: 10.1016/j.breast.2014.03.004

17. Emens LA. Breast Cancer Immunotherapy: Facts and Hopes. Clin Cancer Res
(2018) 24(3):511–20. doi: 10.1158/1078-0432.CCR-16-3001

18. Yuan Y, Hu S, Qian Y, Zhang L. The Successful Application of Pyrotinib in the
Treatment of Primary Trastuzumab-Resistant HER-2-Positive Breast Cancer
With Bilateral Axillary Lymph Node Metastasis: A Case Report. Ann palliative
Med (2021) 10(6):7138–45. doi: 10.21037/apm-21-1364

19. Magnoni F, Colleoni M, Mattar D, Corso G, Bagnardi V, Frassoni S, et al.
Contralateral Axillary Lymph Node Metastases From Breast Carcinoma: Is it
Time to Review TNM Cancer Staging? Ann Surg Oncol (2020) 27(11):4488–
99. doi: 10.1245/s10434-020-08605-4

20. Giordano SH, BuzdarAU, Smith TL, Kau SW, YangY,Hortobagyi GN, et al. Is Breast
Cancer Survival Improving? Cancer (2004) 100(1):44–52. doi: 10.1002/cncr.11859

21. Nash A, Thomas SM, Plichta JK, Fayanju OM, Hwang ES, Greenup RA, et al.
Contralateral Axillary Nodal Metastases: Stage IV Disease or a Manifestation
of Progressive Locally Advanced Breast Cancer? Ann Surg Oncol (2021) 28
(10):5544–52. doi: 10.1245/s10434-021-10461-9

22. Guru SD, Loprinzi CL, Yan E, Hoskin TL, Jakub JW. Contralateral Axillary
Metastases in Breast Cancer: Stage IV Disease or a Locoregional Event? Am
Surg (2019) 85(12):1391–6. doi: 10.1177/000313481908501235

23. Postlewait L, Teshome M, Adesoye T, DeSnyder SM, Lim B, Kuerer HM,
et al. Contralateral Axillary Metastasis in Patients With Inflammatory
Breast Cancer. Ann Surg Oncol (2021) 28(13):8610–21. doi: 10.1245/s10434-021-
10148-1

Conflict of Interest: The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be construed as a
potential conflict of interest.

Publisher’s Note: All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated organizations, or those of
the publisher, the editors and the reviewers. Any product that may be evaluated in
this article, or claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

Copyright © 2022 Zhang, Wang, Li, Yu, Liu and Yu. This is an open-access article
distributed under the terms of the Creative Commons Attribution License (CC BY).
The use, distribution or reproduction in other forums is permitted, provided the
original author(s) and the copyright owner(s) are credited and that the original
publication in this journal is cited, in accordance with accepted academic practice. No
use, distribution or reproduction is permitted which does not comply with these terms.
April 2022 | Volume 12 | Article 869397

https://doi.org/10.1016/j.ijscr.2018.11.001
https://doi.org/10.1177/1778.19258
https://doi.org/10.1016/j.ejso.2011.01.024
https://doi.org/10.1155/2013/389013
https://doi.org/10.1245/s10434-010-0985-4
https://doi.org/10.1016/j.clbc.2017.10.019
https://doi.org/10.1016/j.ejso.2015.05.015
https://doi.org/10.1016/j.ijscr.2017.08.025
https://doi.org/10.1111/j.1524-4741.2007.00390.x
https://doi.org/10.1200/JCO.2001.19.3.628
https://doi.org/10.1186/1477-7819-12-205
https://doi.org/10.1245/s10434-013-3151-y
https://doi.org/10.1007/s13139-017-0485-6
https://doi.org/10.1016/j.breast.2014.03.004
https://doi.org/10.1158/1078-0432.CCR-16-3001
https://doi.org/10.21037/apm-21-1364
https://doi.org/10.1245/s10434-020-08605-4
https://doi.org/10.1002/cncr.11859
https://doi.org/10.1245/s10434-021-10461-9
https://doi.org/10.1177/000313481908501235
https://doi.org/10.1245/s10434-021-10148-1
https://doi.org/10.1245/s10434-021-10148-1
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/oncology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/oncology#articles


Frontiers in Oncology | www.frontiersin.org

Edited by:
Yiding Chen,

School of Medicine,
Zhejiang University, China

Reviewed by:
Pier Carlo Rassu,

Azienda Sanitaria Locale Alessandria,
Italy

Mauro Giuseppe Mastropasqua,
University of Bari Medical School, Italy

*Correspondence:
Jing Si

sijing1008@163.com

Specialty section:
This article was submitted to

Breast Cancer,
a section of the journal
Frontiers in Oncology

Received: 05 February 2022
Accepted: 14 March 2022
Published: 14 April 2022

Citation:
Si J, Guo R, Pan H, Lu X, Guo Z,
Han C, Xue L, Xing D, Wu W and

Chen C (2022) Axillary Lymph Node
Dissection Can Be Omitted in Breast

Cancer Patients With Mastectomy and
False-Negative Frozen Section in

Sentinel Lymph Node Biopsy.
Front. Oncol. 12:869864.

doi: 10.3389/fonc.2022.869864

ORIGINAL RESEARCH
published: 14 April 2022

doi: 10.3389/fonc.2022.869864
Axillary Lymph Node Dissection
Can Be Omitted in Breast Cancer
Patients With Mastectomy and
False-Negative Frozen Section in
Sentinel Lymph Node Biopsy
Jing Si1,2*, Rong Guo3, Huan Pan4, Xiang Lu1, Zhiqin Guo5, Chao Han1, Li Xue1,
Dan Xing1, Wanxin Wu5 and Caiping Chen1,2

1 Department of Breast Disease, The First Hospital of Jiaxing, The Affiliated Hospital of Jiaxing University, Jiaxing, China,
2 Cancer Research Center, The First Hospital of Jiaxing, The Affiliated Hospital of Jiaxing University, Jiaxing, China,
3 Department of Breast Surgery, Breast Cancer Center of the Third Affiliated Hospital of Kunming Medical University, Cancer
Hospital of Yunnan Province, Kunming, China, 4 Department of Central Laboratory, The First Hospital of Jiaxing, The Affiliated
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Background: The IBCSG 23-01 and AMAROS trials both reported that axillary lymph
node dissection (ALND) did not change survival rates in breast cancer patients with
positive nodes detected by sentinel lymph node biopsy (SLNB). The aim of this study was
to determine whether breast cancer patients with mastectomy and false-negative frozen
section (FS) in SLNB could forgo ALND.

Materials and Methods: This was a retrospective study of cN0 patients diagnosed
with primary invasive breast cancer treated by mastectomy and SLNB at our institute
between January 2010 and December 2014. Patients with false-negative FS in SLNB
were separated by the following management of axillary lymph node dissection in the
non-ALND group (nonprocess or axillary radiation only) and ALND group (with or
without radiation).

Results: A total of 212 patients were included, 86 and 126 patients in the non-ALND and
ALND groups, respectively. The positive rate of non-sentinel lymph nodes (SLNs) was
15.87% (20/126) in the ALND group. In multivariate analysis, we found that patients with
larger tumor size (>2 cm) (OR, 1.989; p = 0.030) and multifocal lesions (OR, 3.542; p =
0.029) tended to receive ALND. The positivity of non-SLNs in the ALND group was
associated with SLN macrometastasis (OR, 3.551; p = 0.043) and lymphovascular
invasion (OR, 6.158; p = 0.003). Also, removing more SLNs (≥3) was related to
negativity in non-SLNs (OR, 0.255; p = 0.016). After a median follow-up of 59.43
months, RFS and OS of the two groups were similar (p = 0.994 and 0.441). In
subgroup analysis, we found that 97 patients who met the inclusive criteria of the
IBCSG 23-01 trial had similar RFS and OS between the non-ALND and ALND groups
(p = 0.856 and 0.298). The positive rate of non-SLNs was 9.62% (5/52). Also, in 174
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patients who met the criteria of the AMAROS trial, RFS and OS in the non-ALND and
ALND groups were similar (p = 0.930 and 0.616). The positive rate of non-SLNs was
18.27% (19/104).

Conclusion: ALND can be carefully omitted in selected breast cancer patients with
mastectomy and false-negative FS in SLNB. SLNB is relatively sufficient in the IBCSG
23-01-eligible patients, and axillary radiation was an effective option in the AMAROS-
eligible patients.
Keywords: axillary lymph node dissection, sentinel lymph node biopsy, false-negative, frozen section, metastasis
INTRODUCTION

Axillary lymph node (ALN) metastasis is one of the significant
prognostic factors in early breast cancer. The status of ALN can
affect postoperative treatment options, including adjuvant
chemotherapy and adjuvant radiotherapy (RT) (1). Over the
last two decades, sentinel lymph node biopsy (SLNB) is
considered the standard of care for axillary staging in early
breast cancer patients with cN0, with axillary lymph node
dissection (ALND) only reserved for patients with positive
SLNs (2, 3). Frozen section (FS) is the most widely used
method in the intraoperative assessment of SLNs, which has
the advantage to proceed immediately to ALND in patients with
positive SLNs, avoiding a second axillary surgery (4, 5). However,
the sensitivity of FS is limited, with a false-negative rate of up to
approximately 20%, which may lead to patients being recalled for
ALND (6–14).

In recent years, the role of ALND in the treatment of patients
with a limited number of positive SLNs has been relegated.
Several clinical trials have been conducted on omitting ALND in
patients with SLNmetastasis (15). The IBCSG 23-01 trial showed
that ALND could be omitted in cT1-2 patients with SLN
micrometastasis (16, 17). Subsequently, the American College
of Surgeons Oncology Group (ACOSOG) Z0011 trial showed
that ALND could be avoided without affecting recurrence rate or
survival in patients with cT1-2 and 1-2-positive SLNs treated
with breast conversing surgery (BCS) (18). Furthermore, the
EORTC 10981-22023 AMAROS trial showed that axillary RT
could be an alternative to ALND in patients with cT1-2 with no
significant differences in recurrence rate or overall survival (19).
Thus, with the results of these trials and the fact that ALND may
lead to higher complications and poorer quality of life, the role of
ALND in early breast cancer patients with positive SLNs is
controversial, especially its contribution to survival.

Interestingly, we found that most patients in these trials
received BCS. Although BCS is mostly performed in patients
with early breast cancer, mastectomy is still inevitable due to
various factors, such as tumor burden, tumor location, patient
preference, etc. According to previous studies, approximately
70% of patients received mastectomy in China (20, 21). Thus, the
aim of this study was to evaluate axillary management and
clinical outcomes of cN0 early breast cancer patients treated
with mastectomy and found to have false-negative FS in SLNB.
Furthermore, the study aimed to validate the results of both the
289
IBCSG 23-01 and AMAROS trials in our population and
determine whether breast cancer patients with mastectomy and
false-negative frozen section in SLNB could forgo ALND.
MATERIALS AND METHODS

We retrospectively reviewed the medical records of cN0 patients
diagnosed with primary invasive breast cancer who were treated
by mastectomy and SLNB at our institute between January 2010
and December 2014. Patients were excluded if: (1) patients were
male; (2) neoadjuvant chemotherapy was received prior to
surgery; (3) patients had bilateral breast cancer; or (4) patients
had a history of breast cancer. The study was approved by the
Ethics Committee of Jiaxing University.

Patients in this study received mastectomy and SLNB at our
institution. SLNB was performed at the same time as
mastectomy. Methyl blue method was used to identify SLNs.
All patients were injected with approximately 2 ml of methyl blue
in the subcutaneous layer around the tumor after anesthesia and
were gently massaged for 5 min from the tumor to the ipsilateral
axillary region to facilitate the transmission of methyl blue. Blue-
stained SLNs were tested. Clinically suspicious nodes in the
surgical field were also resected as SLNs. The number of SLNs
for FS was decided by surgeons. Intraoperative FS assessment
of SLNs was performed accordingly. SLNs more than 4 mm
were bisected through long axis. Half of the nodes were
embedded and frozen at −20°C. SLNs less than or equal to 4
mm were completely frozen. Sections were cut and stained
with hematoxylin and eosin (H&E) for frozen examination.
Histological assessment with hematoxylin–eosin staining
performed postoperatively served as the gold standard. A
positive SLN was defined as the presence of either
micrometastasis (>200 cells or >0.2 mm, but <2.0 mm) or
macrometastasis (>2.0 mm) identified on hematoxylin–eosin
staining. The definition of false-negative FS in SLNB was that,
in intraoperative FS assessment, SLNs were all negative, however,
in postoperatively histological assessment, one or more SLNs
were shown positive with micrometastasis or macrometastasis.
Patients with false-negative FS in SLNB could either perform
ALND or not according to surgeons’ choices. Levels I and II
ALND were performed according to a standard ALND
procedure in patients who underwent ALND. In the current
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article, patients with false-negative FS in SLNB were separated by
the following management of axillary lymph node dissection in
the non-ALND group (nonprocess or radiation only including
axillary area) and ALND group (with or without radiation
including axillary area). Immunohistochemistry (IHC) for ER
and PR was performed, and cases with more than 1% were
considered positive staining. HER2 positivity was defined as
cases where IHC was 3+ or 2+ with fluorescence in situ
hybridization (FISH) positivity. In addition, IHC for Ki67 was
also performed and cases with more than 14% were considered
positive staining.

Date and status at last follow-up were collected. Recurrence
events were recorded as local–regional and distant. Time to
recurrence and time to death were measured from date of
surgery and censored at the date of last follow-up for event-
free patients. Time to recurrence was censored at time of death.
Loss to follow-up was defined as patients with less than 2-year
follow-up after surgery.

The clinicopathological characteristics were compared
between patients in the non-ALND group and ALND group
using chi-square test for categorical variables. Time-to-event
outcomes were estimated using Kaplan–Meier methods and
were compared across groups using the log-rank test. Two-
tailed p-values were adopted, and p < 0.05 was considered
significant. All statistical analysis was performed using SPSS
statistical software version 18.0 (IBM, Chicago, IL, USA).
RESULTS

A total of 1,470 cN0 patients who received mastectomy and
SLNB were included, of which 14.42% (212/1470) had false-
negative FS in SLNB. The median number of SLNs removed was
3, ranging from 1 to 12. In patients with false-negative FS, 86
(40.57%) and 126 (59.43%) were in the non-ALND and ALND
groups, respectively. The positive rate of non-SLNs was 15.87%
(20/126) in the ALND group. The baseline characteristics of the
cohort with false-negative FS are shown in Table 1. We found
that patients with larger tumor size (>2 cm) (p = 0.025), multiple
number of foci (p = 0.017), and macrometastasis in SLNs (p =
0.045) had a tendency of receiving ALND. In multivariate
analysis, patients with larger tumor size (>2 cm) (OR, 1.989;
p = 0.030) and multifocal lesions (OR, 3.542; p = 0.029) had a
tendency of receiving ALND (Table 1).

Moreover, we analyzed the factors associated with non-SLN
positivity in the ALND group (Table 2). We found that the
positivity of non-SLNs in the ALND group was associated with
SLNmacrometastasis (OR, 3.551; p = 0.043) and lymphovascular
invasion (OR, 6.158; p = 0.003). Also, removing more SLNs (≥3)
was related to negativity in non-SLNs in these patients (OR,
0.255, p = 0.016) (Table 2).

We further analyzed the adjuvant therapy in the non-ALND
and ALND groups. We found that the receipt of hormonal
therapy (60.47% [52/86] vs. 53.97% [68/126], p = 0.349),
adjuvant radiotherapy including axillary area (11.63% [10/86]
vs. 12.70% [16/126], p = 0.816), and adjuvant chemotherapy
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(74.42% [64/86] vs. 78.57% [99/126], p = 0.481) was similar in
the non-ALND and ALND groups.

In this cohort, 190 (89.62%) patients were included in the
survival analysis. The median follow-up was 59.43 months,
which was 4.95 years. Overall survival rate was 96.32% (183/
190) for the total population in survival analysis. There were 20
(10.53%) recurrences: 5 local and regional; 13 distant; and 2
concurrent local and distant. The 5-year RFS rate and OS rate in
the non-ALND and ALND groups are shown in Table 3.
Moreover, Kaplan–Meier analysis showed that the RFS and OS
of patients in the non-ALND and ALND groups were similar
(p = 0.994 and 0.441, respectively) (Figures 1A, B).

In subgroup analysis, we found that 97 patients met the inclusive
criteria of the IBCSG 23-01 trial, of which, 46.39% (45/97) of
patients were in the non-ALND group with 5 patients receiving
radiation only, and 53.61% (52/97) of patients were in the ALND
group, respectively. Similar RFS and OS were shown between the
non-ALND and ALND groups (p = 0.856 and 0.298, respectively)
(Figures 2A, B). The positive rate of non-SLNs was 9.62% (5/52) in
the ALND group. In addition, we found 174 patients who met the
TABLE 1 | Baseline characteristics of clinicopathological factors in cN0 patients
who received mastectomy and had false-negative FS in SLNB.

Variables Total Non-
ALND

ALND Univariate Multivariate

=
212

= 86 N =
126

p-value OR (95% CI), p-
value

Age 0.563
≤50 116 45 71
>50 96 41 55

Grade 0.243
I 9 5 4
II 155 66 89
III 48 15 33

Number of foci 0.017
One 189 82 107 Ref
Multiple 23 4 19 3.542 (1.138–

11.026), p = 0.029
Size on pathology 0.025
≤2 cm 139 64 75 Ref
>2 cm 73 22 51 1.989 (1.070–3.697),

p = 0.030
LVI 0.469
No 156 61 95
Yes 56 25 31

Number of SLNs 0.312
<3 70 25 45
≥3 142 61 81

SLN metastasis 0.045
Micrometastasis 118 55 63 Ref
Macrometastasis 94 31 63 1.759 (0.981–3.154),

p = 0.058
ER 0.227
Negative 24 7 17
Positive 188 79 109

HER2 0.670
Negative 173 69 104
Positive 39 17 22

Ki67 0.763
≤14% 69 29 40
>14% 143 57 86
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criteria of the AMAROS trial, of which 40.23% (70/174) were in the
non-ALND group with 9 receiving radiation only and 59.77% (104/
174) were in the ALND group. We found that RFS and OS were
similar between the non-ALND and ALND groups (p = 0.930 and
0.616, respectively) (Figures 3A, B). The positive rate of non-SLNs
was 18.27% (19/104) in the ALND group.
DISCUSSION

SLNB is a minimally invasive procedure to determine the axillary
status in patients with clinically negative lymph nodes. Currently,
guidelines still recommend ALND if positive SLNs are found,
except for patients who fit the criteria of several trials, including
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the ACOSOG Z0011 trial, IBCSG 23-01 trial, and EORTC 10981-
22023 AMAROS trial, who can cautiously omit ALND (1, 15, 16,
18, 19). Therefore, accurate intraoperative SLN assessment is very
important in order to avoid reoperation for patients with SLN
metastasis. Among the various methods of intraoperative
diagnosis of SLN status, FS is most commonly used. Previous
studies showed that the false-negative rates of FS ranged from 13%
to 43%, and the false-negative results occurred more frequently in
cases with micrometastasis (5, 22–24). In our study, FS had a false-
negative rate of 14.42% in patients who received mastectomy and
SLNB, and 55.66% (118/212) were micrometastasis, which was
consistent with previous studies. Our next focus is whether these
patients with false-negative FS need to be recalled for ALND.

In recent years, several clinical trials have been focused on omitting
ALND in patients with SLNmetastasis (15).With the application of the
criteria in these trials, ALND can be avoided in more patients with
positive SLNs. However, most patients in these trials received BCS,
including all the patients in the ACOSOG Z0011 trial, 91% of patients
in the IBCSG 23-01 trial, and 82% of patients in the EORTC 10981-
22023 AMAROS trial (16, 18, 19). Thus, with relatively solid evidence
for patients who received BCS, the following questions remain to be
resolved: (1) can patients who received mastectomy be managed the
same way as BCS patients with regard to ALND and (2) is the use of
intraoperative FS still needed if ALND can be omitted.

Previous studies have shown that omitting ALND is safe and has
high survival rates in patients who received mastectomy with ≤2
positive SLNs (25, 26). Also, adding axillary radiotherapy can be a
treatment option for patients with high-risk factors (25–27). In this
current study, we retrospectively enrolled patients who received
mastectomy with false-negative FS in SLNB. Several factors
associated with the choice of ALND procedure and positive non-
SLNs in patients who received ALND were found, including larger
tumor size (>2 cm), multifocal lesions, lymphovascular invasion,
SLN macrometastasis, and less-removed SLNs (<3). These were
clinicopathological risk factors that could impact the decision of
ALND or additional axillary radiotherapy, which were also
consistent with previous studies of nomograms and models
including these factors to evaluate the risk of further nodal
involvement and might be used to select patients with positive
SLNs in whom ALND may be safely omitted (28–30). In addition,
we found that, with a median follow-up of 4.95 years, there were no
significant differences in RFS and OS compared between the non-
ALND and ALND group (p = 0.994 and 0.441, respectively). Also,
in the IBCSG 23-01-eligible and AMAROS-eligible subgroups,
survival outcomes were similar between non-ALND and ALND
patients. Thus, with low axillary recurrence rate and relatively
high survival outcome in patients with false-negative FS in SLNB
without axillary clearance, we believe that omission of ALND
may be considered in selected patients, especially with few
clinicopathological high-risk factors.
TABLE 2 | Factors associated with positivity of non-SLNs in the ALND group.

Variables Negative
non-SLNs

Positive
non-SLNs

Univariate Multivariate

N = 106 N = 20 p-value OR (95% CI),
p-value

Age 0.894
≤50 60 11
>50 46 9

Grade 0.243
I 3 1
II 75 14
III 28 5

Number of foci
One 89 18 0.489
Multiple 17 2

Size on pathology
≤2 cm 62 13 0.586
>2 cm 44 7

LVI 0.004
No 85 10 Ref
Yes 21 10 6.158 (1.865–

20.338), p = 0.003
Number of SLNs 0.002
<3 35 14 Ref
≥3 71 6 0.255 (0.084–

0.773), p = 0.016
SLN metastasis 0.015
Micrometastasis 58 5 Ref
Macrometastasis 48 15 3.551 (1.038–

12.149), p = 0.043
ER 0.618
Negative 15 2
Positive 91 18

HER2 0.338
Negative 86 18
Positive 20 2

Ki67 0.855
≤14% 34 6
>14% 72 14
TABLE 3 | Five-year RFS rate and OS rate in the ALND and non-ALND groups.

Total (N = 190) Non-ALND group (N = 79) ALND group (N = 111) p-value

5-Year RFS rate 87.99% 88.41% 87.71% 0.799
5-Year OS rate 96.94% 98.53% 95.74% 0.208
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On the other hand, under the circumstance that ALND can be
omitted in selected patients, the need for intraoperative FS is
controversial. FS remains the most common method of
intraoperative assessment of SLNs with the advantage to proceed
immediately to ALND in patients with positive SLNs avoiding
further axillary surgery. However, with the possibility of omitting
ALND in patients with positive SLNs, the role of FS is less
important. Previous reports showed a significant decline in
intraoperative assessment of SLNs from 69%–92% to 26%–45%
before and after the disclosure of the ACOSOG Z0011 trial (31, 32).
In addition, Bishop et al. reported that FS for SLNs dropped from
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69% to 2% in their institute (33). Jorns et al. also reported a marked
decline of FS from 74% to 25% pre-Z0011 and post-Z0011 (34).
Nevertheless, if avoiding ALND in patients with positive SLNs is
recommended, the indications regarding patients who meet the
criteria of the above trials are still discordant, especially in patients
who received mastectomy.What we believe we should admit is that,
although ALND can be omitted in most patients who meet the
criteria of certain trials, those with high-risk factors could have
resulted in undertreatment. Thus, we suggest that intraoperative FS
should not be routinely performed in all breast cancer patients;
whereas, in selected high-risk patients who might be offered ALND
A B

FIGURE 1 | RFS (A) and OS (B) between the non-ALND and ALND groups.
A B

FIGURE 2 | RFS (A) and OS (B) in patients who met the inclusive criteria of the IBCSG 23-01 trial.
A B

FIGURE 3 | RFS (A) and OS (B) in patients who met the inclusive criteria of the AMAROS trial.
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after balancing the benefit from this procedure, intraoperative FS
continues to be very useful in the intraoperative assessment of SLNs.

In addition, previous studies have been focused on increasing
SLN detection rate in patients who need intraoperative
assessment of SLNs. Several reports showed association
between the method of SLN detection and sentinel lymph node
identification, recommended combined method (radioactive
tracer and blue dye), which could provide higher detection rate
(35–37). Moreover, we found that removing more SLNs (≥3) was
related to negativity in non-SLNs. Whereas, Dutta et al. indicated
that no more than 4 SLNs should be removed because all patients
with axillary metastasis were identified within the first 4 SLNs
(38). Thus, we need to balance SLN detection rate and
unnecessary SLN removal in clinical practice (39).

There were several limitations to this current study. Firstly, it
was a retrospective study, which led to lower level of evidence.
However, this study had a relatively large dataset with uniform
inclusion and exclusion criteria. Secondly, few patients received
axillary radiotherapy only in our institute, which provide
limitations in our analysis. We analyzed survival outcomes in
patients who received axillary radiotherapy only and patients
who received ALND in the AMAROS-eligible subgroup,
showing no significant difference. However, to avoid bias, we
did not want to provide a conclusion based only on such a few
cases of axillary radiotherapy. Further assessment is needed to
accurately select patients in whom ALND can be safely avoided.
CONCLUSION

In this study, we confirmed that there was no difference in
patients’ survival regardless of additional ALND among early
Frontiers in Oncology | www.frontiersin.org 693
breast cancer patients who underwent mastectomy and false-
negative intraoperative FS in SLNB. SLNB is relatively sufficient
in patients who met the criteria of the IBCSG 23-01 trial, and
axillary radiation was an effective option in patients who met the
criteria of the AMAROS trial. Although further studies are
needed, omission of ALND may be considered in selected
patients. Thus, ALND can be carefully omitted in breast cancer
patients with mastectomy and false-negative frozen section
in SLNB.
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Nomogram Predicts the Role of
Primary Tumor Surgery on De Novo
Stage-IV Breast Cancer Patients:
A SEER-Based Competing Risk
Analysis Model
Hanxiao Cui1†, Luyao Dai1†, Yuanhang Bao1, Liqun Hu1, Zhangjian Zhou1, Meng Wang1,
Shuai Lin1, Hao Wu2*, Xiaobin Ma1* and Huafeng Kang1*

1 Department of Oncology, The Second Affiliated Hospital, Xi’an Jiaotong University, Xi’an, China, 2 School of Basic Medical
Sciences, Xi’an Key Laboratory of Immune Related Diseases, Xi’an Jiaotong University, Xi’an, China

Objective: The efficacy of primary tumor surgery on survival in female patients with de
novo stage IV breast cancer (BC) remains unclear. Our study endeavored to develop
comprehensive competing risk nomograms to predict clinical outcomes and guide
precision treatment in these patients.

Participants and Methods: A total of 12281 patients who had distant metastasis at initial
BC diagnosis between 2010 and 2017 in the Surveillance Epidemiology and End Results
(SEER) database, were enrolled in this study. First, we assessed the impacts of primary tumor
surgery on overall survival (OS) and breast cancer-specific survival (BCSS) using the Kaplan-
Meier curves. Then subgroup analyses stratified by different metastatic patterns were
performed using Cox and competing risk models (CRM). Based on the filtered independent
prognostic parameters by CRM, we established two nomograms to predict the probability of
breast cancer-specific death (BCSD) at 1-,2- and 3-year intervals. Furthermore, calibration
curves and area under the curves (AUC) were conducted for validation.

Results: Kaplan-Meier analysis revealed that surgery was associated with better OS and
BCSS (P<0.001). Subgroup analyses demonstrated that in bone-only metastases
pattern, relative to breast-conserving surgery (BCS), patients receiving mastectomy had
worse prognosis and the poorest survival belonged to non-surgery individuals (BCSS:
mastectomy: HR=1.35; 95%CI=1.15-1.60; non-surgery: 2.42; 2.08-2.82; OS:
mastectomy: 1.44; 1.23-1.68; non-surgery: 2.40; 2.08-2.78). Additionally, no survival
difference was observed between BCS and reconstruction recipients (BCSS: HR=1.10;
95%CI=0.85-1.43; OS: 1.11; 0.86-1.44). Furthermore, patients undergoing BCS
possessed similar BCSS with mastectomy recipients as well as reconstruction
recipients in viscera metastases pattern, whereas non-surgery individuals had a worse
survival (mastectomy: HR=1.04; 95%CI=0.92-1.18; reconstruction: 0.86; 0.69-1.06;
non-surgery: 1.83; 1.63-2.05). Two competing risk nomograms of distinct metastatic
patterns were established to comprehensively predict the survival of patients. Calibration
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curves indicated the terrific consistency of the models. Moreover, the AUC values in the
training and validation sets were in the range of 0.70–0.80, exhibiting good specificity and
sensitivity.

Conclusion: The surgery implementation was associated with a lower probability of
BCSD in de novo stage-IV BC patients. Our nomograms could offer a relatively accurate
and individualized prediction of the cumulative incidence rate of BCSD after primary tumor
resection.
Keywords: SEER, de novo stage-IV breast cancer, surgery, competing risk model, nomogram, metastatic pattern
INTRODUCTION

According to themost recent report from the International Agency
for Research on Cancer (IARC), new cases of breast cancer (BC)
rapidly grew to 2.26 million in 2020. Besides, it has officially
overtaken lung cancer as the major component of malignant
tumors worldwide and maintained the leading cause of cancer-
related death in females (1, 2). Approximately 5-8% of BC patients
exhibit distantmetastases at initial diagnosis (3). In addition, stage-
IV BC is considered to be incurable with a relatively short median
OS despite tremendous advances in systemic therapeutics. In view
of these unfavorable prognoses, the chief objective of treatment is to
mitigate symptoms, improve the quality of life and ameliorate
survival (4, 5). It is generally accepted that systemic therapeutics,
including chemo, endocrine, and targeted therapy, are the
fundamental and effective treatments for MBC (6). However, due
to the lack of consensus, the essential role of primary tumor
resection in MBC patients is still controversial.

A multitude of retrospective studies has demonstrated that
surgical resection of primary tumors extended the life expectancy
ofMBCpatients (7–12).Nevertheless, fourprospective randomized
trials showed contentious results (13–16). MF07-01 trial was the
only trial that observed survival benefits from locoregional surgery,
with a remarkable improvement of 5-year OS (13). However, no
statistical differences were found between primary tumor surgery
and prognosis in the other trials (NCT00193778, ABCSG-28
POSYTIVE, and ECOG ACRIN 2018) (14–16). The discrepancy
in outcomes may be ascribed to different metastatic patterns (13,
17). Furthermore, we are awaiting the results of several well-
designed prospective trials, which are still following-up.

In our study, we meticulously probed the effectiveness of
locoregional surgery in different metastatic patterns among de
novo stage-IV BC patients using data from the Surveillance,
Epidemiology, and End Results (SEER) database. Moreover, two
nomograms considering competitive events were established,
making up for a few limitations of retrospective study and
offering precise prediction of survival outcomes.
METHODS

Patient Selection
The following inclusion criteria were used: 1) primary BC and 2)
stage IV BC diagnosed from 2010 to 2017.The exclusion criteria
296
comprised of the following: 1) not diagnosed by histology, 2) with
unknown metastatic status and surgery data, 3) diagnosed by
autopsy and death certificate, 4) with incomplete survival data, 5)
without complete clinicopathological data, and 6) male patients.

Of the 12281 individuals in our study, 4689 cases undergoing
primary tumor surgery were subdivided into the BCS,mastectomy,
and reconstruction groups. Additionally, age at diagnosis, year of
diagnosis, race,marriage, grade, histology, tumor size, lymphnodes
status, subtype, metastatic pattern, radiation, chemotherapy,
surgery information, and survival data were obtained from the
database. Detailed information is exhibited in Figure 1.

Ethics Statement
The SEER database was set up by the National Cancer Institute of
America, which covers approximately 30% of the U.S. population.
We signed an agreement to access the SEER research data for this
study. In addition, as the database is publicly available, our study
was exempt fromthe ethical boardofTheSecondAffiliatedHospital
of Xi’an Jiaotong University.
Endpoints
The follow-up period ended in November 2020 and the median
follow-up time was 25 months (1-107 months). In addition, the
primary endpoints of this study were BCSS and BCSD, which
were defined as the interval from diagnosis to death due to BC.
The subordinate outcome was OS, which referred to the interval
from BC diagnosis to death of any cause.
Statistical Analysis
We employed descriptive statistics to analyze the clinicopathological
characteristics. Age at diagnosis, year of diagnosis, race, marriage,
grade, histology, tumor size, lymph nodes status, subtype, metastatic
pattern, radiation, chemotherapy, surgery information, and survival
data were selected as variables. We conducted a chi-squared test of
these variables to compare the variations between distinct surgical
procedures. Kaplan-Meier analysis and log-rank test were
completed to plot curves and compare the divergency in OS and
BCSS. Subgroup analyses of different metastatic patterns were
performed using Cox proportional hazard model and competing
risk model to explore the independent prognostic factors. Based on
the filtered variables, we constructed two competing risk
nomograms to predict the probability of 1-, 2-, and 3-year BCSD.
In addition, calibration curves and AUC values were used to assess
May 2022 | Volume 12 | Article 819531
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the reliability of the model. All statistical assays were completed
using R software 4.0.3. Statistical significance was defined as a two-
sided P-value <0.05.
RESULTS

Clinicopathological Characteristics
A total of 12281 patients diagnosed with de novo stage-IV BC
(2010–2017) were qualified for analyses. Of the 4689 (38.18%)
individuals experiencing locoregional surgery, 1379, 2800, and
510 cases were subdivided into BCS, mastectomy, and
reconstruction groups respectively, while the remaining 7592
patients (61.82%) avoided surgical interventions. Among these
patients, 39.19% were 56-70 years old, 74.16% were white,
52.24% were in single status, 50.68% had poor differentiation
(grade III-IV), 76.97% were invasive ductal carcinoma, 35.09%
had T4 stage, 47.22% had N1 stage, 58.25% were luminal A
subtype, 61.50% had viscera metastases, 63.55% did not receive
radiotherapy, and 65.78% underwent chemotherapy. Significant
differences were observed in age, race, marriage, grade, histology,
T, N, subtype, metastatic status, radiotherapy, and chemotherapy
between the four groups (Table 1).
Impact of Primary Tumor Surgery on
Survival in De Novo MBC Patients
Kaplan-Meier curves showed that surgery improved both OS and
BCSS (P<0.001; Figure 2). In addition, univariate Cox hazard
proportional analysis revealed that age, race, marriage, grade,
histology, T, N, subtype, metastatic status, radiotherapy,
Frontiers in Oncology | www.frontiersin.org 397
chemotherapy, and surgical procedures were related to survival
(P<0.05; Table 2). Considering potential bias, we performed
multivariate analysis and confirmed that primary tumor surgery
was an independent protective factor for both BCSS
(mastectomy: HR, 0.56; 95%CI, 0.52-0.59; BCS: HR, 0.47; 95%
CI, 0.43-0.52; reconstruction: HR, 0.45; 95%CI, 0.39-0.52) and
OS (mastectomy: HR, 0.56; 95%CI, 0.53-0.60; BCS: HR, 0.49;
95%CI, 0.44-0.53; reconstruction: HR, 0.43; 95%CI: 0.38-
0.50).Furthermore, the metastatic pattern was also a crucial
independent index that linked to prognosis (Table 3).

Subgroup Analyses of Metastatic Pattern
We then conducted subgroup analyses to explore selection
strategies of surgical methods under different metastatic
pattern circumstances. Results suggested that in bone-only
metastasis pattern, in relation to BCS, patients receiving
mastectomy had worse prognosis and the poorest survival
belonged to non-surgery patients (BCSS: mastectomy: HR,
1.35; 95%CI, 1.15-1.60; non-surgery: HR, 2.42; 95%CI, 2.08-
2.82; OS: mastectomy: HR, 1.44; 95%CI, 1.23-1.68; non-surgery:
HR, 2.40; 95%CI, 2.08-2.78). Additionally, no survival difference
was observed between BCS and reconstruction recipients (BCSS:
HR, 1.10; 95%CI: 0.85-1.43; OS: HR, 1.11; 95%CI: 0.86-1.44).
Furthermore, patients undergoing BCS had similar BCSS with
mastectomy recipients together with reconstruction recipients in
viscera metastasis pattern, whereas non-surgery individuals had
a worse survival (mastectomy: HR, 1.04; 95%CI, 0.92-1.18;
reconstruction: HR, 0.86; 95%CI, 0.69-1.06; non-surgery: HR,
1.83; 95%CI, 1.63-2.05). However, OS benefits were identified in
reconstruction group compared with patients in BCS group (HR:
0.80; 95%CI: 0.65-0.99) (Table 4).
FIGURE 1 | Flow chart of patient selection.
May 2022 | Volume 12 | Article 819531
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TABLE 1 | The baseline characteristics of de novo stage-IV BC patients with different surgical methods.

Non-surgery Mastectomy Reconstruction BCS P
N (%) N (%) N (%) N (%)

Age <0.001
<=40 558 (7.35) 281 (10.04) 113 (22.16) 127 (9.21)
41-55 1961 (25.83) 807 (28.82) 220 (43.14) 420 (30.46)
56-70 3023 (39.82) 1086 (38.79) 149 (29.22) 555 (40.25)
>70 2050 (27.00) 626 (22.36) 28 (5.49) 277 (20.09)

Race 0.003
Black 1322 (17.41) 496 (17.71) 69 (13.53) 196 (14.21)
White 5618 (74.00) 2029 (72.46) 391 (76.67) 1070 (77.59)
Other 652 (8.59) 275 (9.82) 50 (9.80) 113 (8.19)

Marriage <0.001
Married 3405 (44.85) 1397 (49.89) 319 (62.55) 744 (53.95)
Single 4187 (55.15) 1403 (50.11) 191 (37.45) 635 (46.05)

Grade <0.001
I-II 4099 (53.99) 1124 (40.14) 229 (44.90) 605 (43.87)
III-IV 3493 (46.01) 1676 (59.86) 281 (55.10) 774 (56.13)

Histology <0.001
IDC 5837 (76.88) 2105 (75.18) 407 (79.80) 1104 (80.06)
ILC 731 (9.63) 249 (8.89) 43 (8.43) 116 (8.41)
Others 1024 (13.49) 446 (15.93) 60 (11.76) 159 (11.53)

T <0.001
T1 891 (11.74) 179 (6.39) 52 (10.20) 304 (22.04)
T2 2466 (32.48) 862 (30.79) 208 (40.78) 710 (51.49)
T3 1379 (18.16) 623 (22.25) 123 (24.12) 175 (12.69)
T4 2856 (37.62) 1136 (40.57) 127 (24.90) 190 (13.78)

N <0.001
N0 1745 (22.98) 316 (11.29) 60 (11.76) 380 (27.56)
N1 4019 (52.94) 1037 (37.04) 195 (38.24) 548 (39.74)
N2 760 (10.01) 643 (22.96) 119 (23.33) 227 (16.46)
N3 1068 (14.07) 804 (28.71) 136 (26.67) 224 (16.24)

Subtype <0.001
HER2-positive 678 (8.93) 312 (11.14) 49 (9.61) 128 (9.28)
Luminal A 4597 (60.55) 1491 (53.25) 287 (56.27) 779 (56.49)
Luminal B 1362 (17.94) 482 (17.21) 111 (21.76) 244 (17.69)
Triple Negative 955 (12.58) 515 (18.39) 63 (12.35) 228 (16.53)

Metastatic status <0.001
Bone only 2800 (36.88) 1081 (38.61) 239 (46.86) 608 (44.09)
Viscera 4792 (63.12) 1719 (61.39) 271 (53.14) 771 (55.91)

Radiation
No/Unknown 5393 (71.04) 1510 (53.93) 232 (45.49) 670 (48.59)
Yes 2199 (28.96) 1290 (46.07) 278 (54.51) 709 (51.41)

Chemotherapy <0.001
No/Unknown 2993 (39.42) 705 (25.18) 82 (16.08) 422 (30.60)
Yes 4599 (60.58) 2095 (74.82) 428 (83.92) 957 (69.40)
Frontiers in Oncology | www.frontie
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IDC, invasive ductal carcinoma; ILC, invasive lobular carcinoma.
A B

FIGURE 2 | (A) Kaplan-Meier curves of BCSS in different surgical methods. (B) Kaplan-Meier curves of OS in different surgical methods.
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Among the 12281 patients, 7241 (58.96%) died in this
retrospective study. The cumulative incidence of breast cancer-
specific death (BCSD) was 53.72% (6597/12281), while that of
other cause-specific death was 5.24% (644/12281). Considering
the potential bias caused by competing events, competing risk
model (CRM) analyses were also performed. In the univariate
analysis, BCS and reconstruction recipients had a relatively lower
cumulative incidence rate of BCSD than those with mastectomy
Frontiers in Oncology | www.frontiersin.org 599
and non-surgery interventions, no matter in bone-only or viscera
metastatic patterns (Figure 3; Table 5). Multivariate analyses
demonstrated that ten variables (age, race, marriage, grade,
histology, T, N, subtype, chemotherapy, and surgery) were still
independent predictive indices in the bone-only metastatic
pattern while nine (age, race, marriage, grade, T, subtype, brain
metastases, chemotherapy, and surgery) in the viscera metastases
pattern (Table 6).
TABLE 2 | Univariate and multivariate Cox hazard proportional model analysis of de novo stage-IV BC patients.

Univariate analysis Multivariate analysis

BCSS OS BCSS OS

HR 95%CI P HR 95%CI P HR 95%CI P HR 95%CI P

Age
<=40 Reference Reference Reference Reference
41-55 1.20 1.09-1.33 <0.001 1.20 1.09-1.32 <0.001 1.14 1.03-1.27 0.010 1.13 1.03-1.25 0.013
56-70 1.41 1.28-1.55 <0.001 1.46 1.33-1.60 <0.001 1.25 1.13-1.38 <0.001 1.29 1.17-1.42 <0.001
>70 1.94 1.76-2.15 <0.001 2.17 1.97-2.39 <0.001 1.55 1.40-1.72 <0.001 1.70 1.53-1.88 <0.001

Race
Black Reference Reference Reference Reference
White 0.70 0.66-0.75 <0.001 0.71 0.67-0.75 <0.001 0.80 0.75-0.86 <0.001 0.80 0.75-0.84 <0.001
Other 0.62 0.56-0.69 <0.001 0.61 0.56-0.68 <0.001 0.72 0.65-0.80 <0.001 0.70 0.64-0.78 <0.001

Marital status
Married Reference Reference Reference Reference
Single 1.39 1.33-1.46 <0.001 1.43 1.37-1.50 <0.001 1.21 1.15-1.27 <0.001 1.23 1.17-1.29 <0.001

Grade
I-II Reference Reference Reference Reference
III-IV 1.44 1.37-1.51 <0.001 1.38 1.31-1.44 <0.001 1.46 1.38-1.54 <0.001 1.40 1.33-1.48 <0.001

Histology
IDC Reference Reference Reference Reference
ILC 0.97 0.89-1.06 0.523 0.97 0.89-1.05 0.462 1.21 1.10-1.32 <0.001 1.16 1.06-1.26 <0.001
Others 1.12 1.04-1.20 0.002 1.12 1.05-1.20 <0.001 1.12 1.05-1.20 0.001 1.12 1.05-1.20 <0.001

T
T1 Reference Reference Reference Reference
T2 1.06 0.97-1.16 0.184 1.07 0.98-1.16 0.119 1.09 1.00-1.19 0.044 1.10 1.01-1.20 0.022
T3 1.24 1.13-1.37 <0.001 1.22 1.12-1.34 <0.001 1.19 1.08-1.31 <0.001 1.18 1.07-1.29 <0.001
T4 1.58 1.45-1.72 <0.001 1.57 1.44-1.70 <0.001 1.37 1.26-1.49 <0.001 1.35 1.24-1.47 <0.001

N
N0 Reference Reference Reference
N1 0.99 0.93-1.05 0.718 0.96 0.90-1.02 0.141 0.98 0.92-1.04 0.468
N2 0.95 0.87-1.03 0.218 0.91 0.84-0.99 0.024 1.05 0.97-1.15 0.217
N3 1.08 1.00-1.16 0.058 1.03 0.96-1.11 0.427 1.06 0.98-1.15 0.137

Subtype
HER2 Positive Reference Reference Reference Reference
Luminal A 1.10 1.01-1.21 0.032 1.10 1.01-1.19 0.030 1.09 0.99-1.20 0.074 1.04 0.95-1.14 0.365
Luminal B 0.80 0.72-0.89 <0.001 0.78 0.70-0.86 <0.001 0.82 0.74-0.91 <0.001 0.78 0.71-0.87 <0.001
Triple Negative 2.87 2.60-3.17 <0.001 2.70 2.46-2.97 <0.001 2.88 2.61-3.19 <0.001 2.68 2.44-2.95 <0.001

Metastatic status
Bone only Reference Reference Reference Reference
Viscera 1.47 1.40-1.55 <0.001 1.45 1.38-1.52 <0.001 1.34 1.27-1.42 <0.001 1.33 1.27-1.40 <0.001

Radiation
No/Unknown Reference Reference Reference Reference
Yes 0.89 0.84-0.93 <0.001 0.87 0.83-0.91 <0.001 1.11 1.06-1.17 <0.001 1.09 1.03-1.14 0.001

Chemotherapy
No/Unknown Reference Reference Reference Reference
Yes 0.72 0.69-0.76 <0.001 0.68 0.65-0.71 <0.001 0.68 0.64-0.72 <0.001 0.66 0.63-0.70 <0.001

Surgery
Non-surgery Reference Reference Reference Reference
BCS 0.48 0.44-0.53 <0.001 0.49 0.45-0.53 <0.001 0.47 0.43-0.52 <0.001 0.49 0.44-0.53 <0.001
Mastectomy 0.63 0.59-0.67 <0.001 0.63 0.60-0.67 <0.001 0.56 0.52-0.59 <0.001 0.56 0.53-0.60 <0.001
Reconstruction 0.41 0.35-0.47 <0.001 0.38 0.33-0.44 <0.001 0.45 0.39-0.52 <0.001 0.43 0.38-0.50 <0.001
May 202
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Construction of the Nomogram Using CRM
According to the 7:3 ratio, we assigned the patients into the training
and validation sets, respectively. The cutoff value was set in light of a
CRM-related literature (18). Based on the screened variables, two
nomograms consideringmetastatic patternswere developed tomake
precise predictions of 1-, 2- and 3-year BCSD. The probability of
BCSD at these intervals can be estimated by the scale corresponding
to the total score (Figure 4). Using the nomograms, we could
prognosticate the BCSD of a given patient (bone-only metastases:
Frontiers in Oncology | www.frontiersin.org 6100
1-year=12.60%, 2-year=26.20%, and 3-year=41.60%; viscera
metastases: 1-year=18.40%, 2-year=34.90%, 3-year=47.80%).
Moreover, 30% of patients in the entire cohort were pitched on for
internal validation. The calibration curves revealed high coherence
between the nomogram-predicted and actual BCSD after one, two,
and three years (Figure 5). The AUC values were in a range of 0.70-
0.80 in both the training (bone-only metastases: 1-year=0.76, 2-
year=0.75, 3-year=0.74; viscerametastases: 1-year=0.75, 2-year=0.76,
3-year=0.75) and validation sets (bone-onlymetastases: 1-year=0.74,
TABLE 3 | Univariate analysis of different metastatic patterns.

BCSS OS

Bone-only Viscera Bone-only Viscera

HR 95%CI P HR 95%CI P HR 95%CI P HR 95%CI P

Age
<=40 Reference Reference Reference Reference
41-55 1.08 0.91-1.29 0.381 1.28 1.13-1.45 <0.001 1.11 0.93-1.31 0.243 1.26 1.11-1.42 <0.001
56-70 1.38 1.17-1.63 <0.001 1.44 1.28-1.62 <0.001 1.47 1.25-1.72 <0.001 1.47 1.31-1.65 <0.001
>70 1.97 1.66-2.34 <0.001 1.95 1.72-2.21 <0.001 2.25 1.91-2.66 <0.001 2.15 1.91-2.43 <0.001

Race
Black Reference Reference Reference Reference
White 0.66 0.59-0.74 <0.001 0.75 0.70-0.81 <0.001 0.66 0.60-0.73 <0.001 0.75 0.70-0.81 <0.001
Other 0.62 0.52-0.75 <0.001 0.62 0.55-0.70 <0.001 0.60 0.50-0.71 <0.001 0.62 0.55-0.70 <0.001

Marital status
Married Reference Reference Reference Reference
Single 1.35 1.24-1.46 <0.001 1.41 1.33-1.50 <0.001 1.42 1.31-1.54 <0.001 1.44 1.36-1.52 <0.001

Grade
I-II Reference Reference Reference Reference
III-IV 1.42 1.31-1.55 <0.001 1.32 1.24-1.40 <0.001 1.36 1.25-1.47 <0.001 1.27 1.20-1.35 <0.001

Histology
IDC Reference Reference Reference Reference
ILC 1.22 1.09-1.37 <0.001 0.94 0.82-1.08 0.376 1.19 1.07-1.33 0.002 0.95 0.84-1.08 0.440
Others 1.18 1.05-1.33 0.006 1.11 1.02-1.21 0.015 1.17 1.04-1.31 0.008 1.12 1.04-1.22 0.005

T
T1 Reference Reference Reference Reference
T2 1.05 0.91-1.20 0.538 1.08 0.97-1.21 0.178 1.09 0.95-1.24 0.223 1.07 0.96-1.18 0.245
T3 1.29 1.11-1.50 <0.001 1.20 1.07-1.36 0.002 1.28 1.10-1.48 0.001 1.18 1.05-1.32 0.005
T4 1.55 1.34-1.78 <0.001 1.50 1.35-1.67 <0.001 1.57 1.37-1.80 <0.001 1.46 1.32-1.62 <0.001

N
N0 Reference Reference Reference Reference
N1 0.98 0.88-1.10 0.764 0.95 0.87-1.03 0.176 0.95 0.86-1.06 0.361 0.91 0.85-0.99 0.022
N2 0.97 0.84-1.12 0.697 0.90 0.81-1.00 0.046 0.93 0.81-1.06 0.272 0.87 0.79-0.96 0.006
N3 1.19 1.04-1.35 0.009 0.96 0.88-1.06 0.453 1.12 0.99-1.27 0.069 0.93 0.85-1.02 0.114

Subtype
HER2-positive Reference Reference Reference Reference
Luminal A 1.58 1.23-2.03 <0.001 1.19 1.08-1.31 <0.001 1.55 1.23-1.96 <0.001 1.18 1.08-1.30 <0.001
Luminal B 1.14 0.87-1.50 0.348 0.80 0.71-0.89 <0.001 1.08 0.83-1.39 0.568 0.77 0.69-0.87 <0.001
Triple Negative 4.44 3.38-5.82 <0.001 2.63 2.37-2.93 <0.001 4.18 3.23-5.40 <0.001 2.48 2.24-2.75 <0.001

Brain
No Reference Reference
Yes 2.04 1.87-2.23 <0.001 1.99 1.92-2.17 <0.001

Radiation
No/Unknown Reference Reference Reference Reference
Yes 0.92 0.85-1.00 0.056 0.92 0.86-0.98 0.011 0.89 0.82-0.96 0.005 0.90 0.85-0.96 0.001

Chemotherapy
No/Unknown Reference Reference Reference Reference
Yes 0.71 0.65-0.77 <0.001 0.65 0.61-0.69 <0.001 0.67 0.62-0.73 <0.001 0.61 0.58-0.65 <0.001

Surgery
BCS Reference Reference Reference Reference
Mastectomy 1.54 1.31-1.81 <0.001 1.16 1.02-1.31 0.019 1.53 1.31-1.79 <0.001 1.14 1.02-1.28 0.027
Reconstruction 0.98 0.75-1.27 0.861 0.77 0.62-0.96 0.019 0.91 0.71-1.18 0.478 0.71 0.57-0.87 0.001
Non-surgery 2.33 2.01-2.70 <0.001 1.88 1.68-2.09 <0.001 2.34 2.03-2.69 <0.001 1.83 1.65-2.03 <0.001
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2-year=0.73, 3-year=0.70; viscera metastases: 1-year=0.74, 2-
year=0.75, 3-year=0.75) (Figure 6).
DISCUSSION

Using the data from the SEER database, we constructed a Cox
proportional hazard model and a competing risk model in
Frontiers in Oncology | www.frontiersin.org 7101
12281 patients diagnosed with de novo stage-IV BC from 2010
to 2017. Based on the variables filtered by multivariate analysis
of CRM, which is widely employed in the study of oncology (19,
20), two nomograms considering metastatic patterns were
constructed to predict the probability of BCSD at 1-, 2-, and
3-year intervals. As we know, this is the first large-scale SEER-
based study to predict the impact of various surgical methods
on survival under different metastatic patterns using competing
risk analyses.
TABLE 4 | Multivariate analysis for independent predictive factors of different metastatic patterns.

BCSS OS

Bone-only Viscera Bone-only Viscera

HR 95%CI P HR 95%CI P HR 95%CI P HR 95%CI P

Age
<=40 Reference Reference Reference Reference
41-55 0.97 0.81-1.15 0.700 1.22 1.08-1.39 0.002 0.98 0.83-1.17 0.840 1.19 1.06-1.35 0.004
56-70 1.12 0.95-1.33 0.183 1.30 1.15-1.47 <0.001 1.19 1.00-1.40 0.046 1.32 1.17-1.49 <0.001
>70 1.47 1.23-1.76 <0.001 1.61 1.41-1.83 <0.001 1.67 1.40-1.98 <0.001 1.74 1.53-1.97 <0.001

Race
Black Reference Reference Reference Reference
White 0.77 0.69-0.86 <0.001 0.82 0.76-0.88 <0.001 0.75 0.68-0.84 <0.001 0.81 0.75-0.87 <0.001
Other 0.75 0.62-0.91 0.003 0.71 0.63-0.81 <0.001 0.71 0.59-0.85 <0.001 0.70 0.62-0.79 <0.001

Marital status
Married Reference Reference Reference Reference
Single 1.15 1.05-1.25 0.002 1.24 1.16-1.32 <0.001 1.18 1.09-1.29 <0.001 1.25 1.18-1.32 <0.001

Grade
I-II Reference Reference Reference Reference
III-IV 1.52 1.39-1.67 <0.001 1.39 1.30-1.49 <0.001 1.49 1.36-1.63 <0.001 1.36 1.27-1.45 <0.001

Histology
IDC Reference Reference Reference Reference
ILC 1.25 1.11-1.41 <0.001 1.09 0.95-1.25 0.209 1.24 1.10-1.39 <0.001 1.07 0.94-1.22 0.328
Others 1.16 1.03-1.31 0.014 1.09 1.00-1.19 0.041 1.15 1.02-1.29 0.019 1.11 1.02-1.20 0.017

T
T1 Reference Reference Reference Reference
T2 1.08 0.93-1.24 0.307 1.11 0.99-1.24 0.073 1.12 0.98-1.28 0.088 1.10 0.99-1.22 0.078
T3 1.20 1.03-1.41 0.021 1.15 1.02-1.30 0.024 1.24 1.07-1.43 0.005 1.15 1.02-1.29 0.021
T4 1.31 1.13-1.52 <0.001 1.38 1.23-1.54 <0.001 1.38 1.20-1.59 <0.001 1.36 1.23-1.52 <0.001

N
N0 Reference Reference Reference
N1 1.02 0.92-1.14 0.711 0.99 0.91-1.07 0.788 0.97 0.89-1.04 0.382
N2 1.19 1.02-1.37 0.023 1.05 0.94-1.17 0.408 1.02 0.92-1.14 0.648
N3 1.37 1.20-1.58 <0.001 0.99 0.90-1.10 0.920 0.98 0.89-1.07 0.630

Subtype
HER2-positive Reference Reference Reference Reference
Luminal A 1.56 1.19-1.99 0.001 1.04 0.94-1.16 0.418 1.41 1.11-1.80 0.005 1.00 0.90-1.11 0.996
Luminal B 1.19 0.89-1.54 0.210 0.76 0.68-0.86 <0.001 1.07 0.83-1.38 0.610 0.73 0.66-0.82 <0.001
Triple Negative 4.60 3.49-6.06 <0.001 2.59 2.32-2.88 <0.001 4.03 3.11-5.22 <0.001 2.40 2.16-2.66 <0.001

Brain
No Reference Reference
Yes 1.91 1.73-2.10 <0.001 1.89 1.72-2.08 <0.001

Radiation
No/Unknown Reference Reference Reference
Yes 0.96 0.90-1.03 0.280 1.11 1.02-1.20 0.018 0.95 0.89-1.02 0.154

Chemotherapy
No/Unknown Reference Reference Reference Reference
Yes 0.74 0.67-0.81 <0.001 0.67 0.62-0.72 <0.001 0.73 0.67-0.80 <0.001 0.64 0.60-0.69 <0.001

Surgery
BCS Reference Reference Reference Reference
Mastectomy 1.35 1.15-1.60 <0.001 1.04 0.92-1.18 0.507 1.44 1.23-1.68 <0.001 1.03 0.92-1.16 0.600
Reconstruction 1.10 0.85-1.43 0.519 0.86 0.69-1.06 0.154 1.11 0.86-1.44 0.406 0.80 0.65-0.99 0.040
Non-surgery 2.42 2.08-2.82 <0.001 1.83 1.63-2.05 <0.001 2.40 2.08-2.78 <0.001 1.76 1.58-1.96 <0.001
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Systemic therapy is generally considered the primary
treatment for patients with MBC, while locoregional therapy
such as surgery is implemented to control localized symptoms
such as pain and bleeding (5, 6). To date, the influence of
locoregional surgery on survival has not been determined yet.
In this study, Kaplan-Meier curves revealed that primary tumor
resection was associated with better BCSS and OS (P<0.001). As
was illustrated in our study, the median survival time of the
surgery group (BCSS, 56 months; 95% CI=53–59 months; OS,
50 months; 95% CI=48–53 months) was almost 1.8-fold that of
the non-surgery group (BCSS=32 months, 95% CI=31-33
months ; OS=29 months , 95% CI=28–30 months) .
Considering potential selection bias, univariate and
multivariate Cox analyses were conducted, and the results
(hazard ratio, HR) summarized the risk and protective
indices of survival. As shown in Table 2, surgery played a
pivotal role in improving both BCSS and OS. Similar results
were observed in several retrospective studies (7–12). The most
recent research based on SEER database exhibited striking
improvements in OS (before: HR, 0.57; 95%CI: 0.54-0.61;
P<0.001; after: HR, 0.56; 95%CI, 0.51-0.60; P<0.001) and
BCSS (before: HR, 0.56; 95%CI, 0.52-0.59; P<0.001; after: HR,
0.52; 95%CI, 0.50-0.59; P<0.001) through surgical intervention
among de novo stage-IV patients whether before or after
propensity score matching (PSM) (12). Additionally, one
large-scale NCDB-based study also witnessed a survival
benefit in surgery recipients with stage-IV BC. Also, OS was
remarkably prolonged in the surgery group after PSM (HR,
0.68; 95%CI, 0.63-0.72; P<0.001) (11). This could be explained
by the primary tumor-induced immunosuppression. The
removal of lesions promoted the recovery of immunological
function, preventing distant dissemination of the tumor and
dislodging potential chemo-resistant cells, which led to better
survival (21, 22). However, a few studies have suggested that
surgical benefits were due to confounding factors caused by the
design of retrospective studies (23, 24).

Despite the support from many retrospective studies,
definite evidence from prospective studies is still lacking.
Four prospective randomized trials observed controversial
resu l t s (13–16) . MF07-01 was the only tr ia l that
Frontiers in Oncology | www.frontiersin.org 8102
demonstrated survival benefits from locoregional surgery,
with a remarkable improvement of 5-year OS (HR, 0.66; 95%
CI, 0.49-0.88; P=0.005), while no survival advantage was found
in 3-year OS (13). The ABCSG-28 POSYTIVE trial (2010–
2015) and NCT00193778 (2005–2013) trial were prospective
randomized trials enrolling 90 and 350 untreated patients MBC
patients respectively to evaluate the impact of primary tumor
surgery on OS. Patients were randomly assigned to group A
(surgery following systemic treatment) and group B (systemic
treatment only). Neither trial showed statistical differences in
survival between the two groups (P=0.267 and P=0.790,
respectively). In the former trial, the primary tumor load and
lymph node metastases in group A were more serious than
those in group B. In the latter, only 2% HER2 positive patients
received targeted therapy, and only a minority of patients used
paclitaxel during early rescue chemotherapy (14, 15). These
reasons may account for the discrepancy in the outcomes.
ECOG ACRIN 2018 trial revealed that primary tumor
treatment notably decreased locoregional progression rate,
but OS and overall quality of life were similar in patients with
or without surgery (16). The results of this study aroused wide
concern because only 80% of surgery recipients attained clear
margins. Moreover, subgroup analyses of the metastatic
patterns were not carried out.

Previous s tudies have indicated that b io logica l
characteristics and prognoses may vary in distinct metastatic
patterns (25–27). For further analysis, we divided metastatic
patterns into bone-only and viscera metastases. In our study,
the survival time of bone-only metastases patients was longer
than that of viscera metastases individuals, with a median BCSS
of 48 months (95%CI=46-50) in the former while 33 months
(95%CI=31-34) in the latter. Additionally, patients with
luminal A subtype are more likely to have bone metastases
(luminal A: 48.10%, luminal B: 32.74%, HER2-positive: 16.60%,
triple negative: 21.18%), whereas HER2-positive and triple
negative BC had a higher proportion of viscera metastasis
(luminal A: 51.90%, luminal B: 67.26%, HER2-positive:
83.23%, triple negative: 78.82%), which were consistent with
previous studies (28–30). To further explore the role of different
surgical methods on prognosis and remove the bias from other
A B

FIGURE 3 | (A) Cumulative incidence rate of BCSD in the bone-only metastatic pattern. (B) Cumulative incidence rate of BCSD in the viscera metastatic pattern.
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cause-specific death, subgroup analyses of the Cox model and
competing risk model regarding metastatic patterns were
performed. Results demonstrated that mastectomy showed an
inferior prognosis to BCS in bone-only metastases patients,
whereas the worst survival belonged to non-surgery
individuals. Meanwhile, no survival difference was observed
between BCS and reconstruction recipients. Furthermore,
patients undergoing BCS possessed similar BCSS with
mastectomy and reconstruction recipients in viscera
Frontiers in Oncology | www.frontiersin.org 9103
metastases pattern, while non-surgery individuals had the
poorer survival. One SEER-based research had similar results,
but our study was more detailed in that we subdivided
mastectomy into simple mastectomy and reconstruction after
mastectomy (31). We conjectured that on the premise of
ensuring the safety of tumor treatments, breast reconstruction
and breast-conserving surgery increase the beauty and
integrity, which bring confidence and self-acceptance to
patients, so as to promote the patients’ physical and
TABLE 5 | Univariate competing risk analysis of different metastatic patterns.

Univariate analysis (BCSD) (%)

Bone-only Viscera

1-year 2-year 3-year P 1-year 2-year 3-year P

Age <0.001 <0.001
<=40 6.55 15.66 26.89 13.04 30.89 41.18
41-55 7.55 18.41 31.58 20.22 36.69 48.90
56-70 11.71 25.11 38.37 24.86 40.80 51.95
>70 23.39 35.02 47.25 34.81 49.37 59.60

Race <0.001 <0.001
Black 18.08 33.61 48.89 30.19 49.95 61.40
White 12.45 23.49 35.78 24.34 39.60 50.60
Other 8.42 22.12 34.98 19.20 32.72 44.40

Marriage <0.001 <0.001
Married 9.37 20.33 32.91 19.63 34.52 45.95
Single 16.40 29.20 42.22 29.64 46.48 57.41

Grade <0.001 <0.001
I-II 10.69 20.19 31.76 20.55 33.88 44.97
III-IV 16.56 32.20 46.78 28.08 45.85 57.04
Histology <0.001 0.085
IDC 12.67 24.34 36.64 24.53 40.54 51.77
ILC 13.79 24.82 40.40 22.32 38.17 48.75
Other 13.58 27.71 40.17 28.38 43.77 54.71

T <0.001 <0.001
T1 13.18 22.05 33.95 21.21 34.48 45.69
T2 9.85 21.10 31.60 20.71 35.93 47.04
T3 11.57 25.06 39.81 23.68 40.19 50.59
T4 18.45 31.64 46.74 29.79 46.69 58.25

N 0.005 0.498
N0 15.95 25.48 37.03 28.27 42.33 53.45
N1 12.35 23.86 35.98 24.21 40.09 52.15
N2 9.18 24.78 38.71 22.42 37.97 48.12
N3 13.79 27.04 42.41 25.38 43.43 53.15

Subtype <0.001 <0.001
HER2-positive 13.65 22.16 29.09 21.05 34.63 44.44
Luminal A 10.60 22.03 35.84 22.30 36.93 49.20
Luminal B 11.00 19.20 30.46 16.15 26.35 37.50
Triple Negative 38.17 63.25 72.77 44.01 71.07 80.21

Brain <0.001
No 22.65 38.43 49.83
Yes 45.86 63.15 72.21

Radiation 0.173 0.056
No/Unknown 13.87 25.74 38.80 25.50 41.91 52.61
Yes 11.76 23.70 36.17 23.76 38.70 50.78

Chemotherapy <0.001 <0.001
No/Unknown 17.40 29.32 42.11 36.15 49.42 58.68
Yes 9.76 21.63 34.36 20.28 37.30 49.24

Surgery <0.001 <0.001
BCS 7.92 14.42 22.17 15.39 29.30 39.50
Mastectomy 7.35 19.74 32.78 17.05 34.12 45.14
Reconstruction 2.52 11.14 21.55 8.21 22.73 30.74
Non-surgery 17.13 30.34 44.59 30.26 46.21 57.89
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psychological recovery, and consequently ameliorate survival.
However, in sufferers with viscera metastases, BCS,
reconstruction, and mastectomy had similar survival
outcomes. We presume that due to the poor prognosis of
viscera metastases patients, the survival advantages of BCS
and reconstruction were attenuated.

Based on the independent predictive variables (bone-only
metastases: age, race, marriage, grade, histology, T, N, subtype,
chemotherapy, and surgery; viscera: age, race, marriage, grade, T,
subtype, brain metastases, chemotherapy, and surgery) screened
by multivariate competing risk analyses, two nomograms
Frontiers in Oncology | www.frontiersin.org 10104
integrating demography, clinicopathology, and treatment
information were constructed to accurately predict 1-, 2-, 3-
year BCSD among stage-IV BC patients. Results of the model
evaluation showed that fabulous consistency was witnessed
between nomogram-predicted and actual BCSD in calibration
curves. In addition, discrimination was assessed by AUC values,
and the results reflected the fine sensitivity and specificity of the
model. Recently, certain nomograms have been developed to
predict the impact of locoregional surgery on survival among
stage-IV BC patients. However, there existed a few evident
limitations. For one hand, these models did not clearly
TABLE 6 | Multivariate analysis of BCSD using competing risk model.

Multivariate analysis (BCSD)

Bone-only Viscera

HR 95%CI P HR 95%CI P

Age
<=40 Reference Reference
41-55 1.00 0.86-1.18 0.962 1.26 1.12-1.41 <0.001
56-70 1.13 0.97-1.32 0.122 1.30 1.17-1.46
>70 1.39 1.18-1.64 <0.001 1.47 1.30-1.65

Race
Black Reference Reference
White 0.81 0.73-0.91 <0.001 0.85 0.79-0.91 <0.001
Other 0.81 0.67-0.97 0.021 0.75 0.66-0.84 <0.001

Marriage
Married Reference Reference
Single 1.10 1.01-1.19 0.031 1.22 1.15-1.29 <0.001

Grade
I-II Reference Reference
III-IV 1.50 1.37-1.64 <0.001 1.35 1.27-1.44 <0.001

Histology
IDC Reference Reference
ILC 1.27 1.13-1.43 <0.001
Other 1.14 1.02-1.28 0.021

T
T1 Reference Reference
T2 1.04 0.90-1.20 0.567 1.08 0.97-1.21 0.143
T3 1.20 1.03-1.41 0.022 1.13 1.01-1.27 0.035
T4 1.28 1.10-1.49 0.002 1.34 1.20-1.49 <0.001

N
N0 Reference Reference
N1 1.04 0.93-1.16 0.479
N2 1.20 1.04-1.39 0.014
N3 1.38 1.20-1.58 <0.001

Subtype
HER2-positive Reference Reference
Luminal A 1.53 1.16-2.01 0.002 1.10 0.99-1.21 0.080
Luminal B 1.21 0.90-1.61 0.205 0.81 0.72-0.91 <0.001
Triple Negative 3.99 2.96-5.36 <0.001 2.51 2.26-2.79 <0.001

Brain
No Reference
Yes 1.78 1.62-1.95 <0.001

Chemotherapy
No/Unknown Reference Reference
Yes 0.77 0.70-0.84 <0.001 0.72 0.67-0.77 <0.001

Surgery
BCS Reference Reference
Mastectomy 1.34 1.14-1.58 <0.001 1.07 0.94-1.20 0.303
Reconstruction 1.09 0.85-1.39 0.519 0.89 0.73-1.09 0.255
Non-surgery 2.20 1.89-2.56 <0.001 1.75 1.57-1.95 <0.001
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discriminate different metastatic patterns, which were confirmed
to be critical in survival outcomes. For another, they failed to take
into account the influence of competitive events, as a result, they
might overestimate the value of primary tumor surgery in stage
IV BC individuals (32, 33).

This study also had several limitations that needed to be
explained. First, there was no endocrine and targeted therapy in
the SEER database. Second, the database lacked basic clinical
data for patients, such as information on heart, lung, liver, and
kidney function, as well as specific information on the metastatic
focus, which might have significant impacts on treatment
decisions and prognosis. Additionally, as the number of
patients with de novo MBC was relatively small, the
Frontiers in Oncology | www.frontiersin.org 11105
competitive risk model lacked effective external validation.
Lastly, it was difficult to completely eliminate the bias using
existing statistical methods due to the nature of retrospective
cohort studies.
CONCLUSION

The primary tumor surgery was associated with a lower
probability of BCSD in patients with de novo MBC. The
nomograms could offer a relatively accurate prediction of the
cumulative incidence of BCSD among patients with de novo
A B

FIGURE 4 | (A) Competing risk nomogram in the bone-only metastatic pattern. (B) Competing risk nomogram in the viscera pattern.
A B
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FIGURE 5 | (A) Calibration curves for predicting BCSD at 1-, 2- and 3-year intervals in the training set in bone-only metastatic pattern. (B) Calibration curves for
predicting BCSD at 1-,2-and 3-year intervals in the validation set in bone-only metastatic pattern. (C) Calibration curves for predicting BCSD at 1-, 2- and 3-year
intervals in the training set in viscera metastatic pattern. (D) Calibration curves for predicting BCSD at 1-, 2- and 3-year intervals in the validation set in viscera
metastatic pattern.
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MBC. This will have a great significance in guiding the patients’
decisions regarding personalized precision treatment. Finally, we
hope that external verification based on Chinese patients can be
realized in the future.
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Simple Summary: Implementing intraoperative assessment of sentinel lymph nodes by
one-step nucleic acid amplification in early breast cancer can reduce the surgical burden
to the patient and the costs to the health system. However, only limited data are available
in terms of long-term disease-free survival and overall survival. Therefore, this study aims
to compare disease-free survival and overall survival between one-step nucleic acid
amplification, frozen section, and definitive histology. These results could impact the
healthcare community, adding further proof to the body of evidence supporting the
broader adoption of this innovative technology that enables a safe reduction in patient
surgical burden and healthcare costs.

Background: The one-step nucleic acid amplification (OSNA) system is a novel molecular
technique, which consents to quick intraoperative detection of sentinel lymph node
metastases by the amplification of cytokeratin 19 mRNA. Our study aims to evaluate
the OSNA method in comparison with frozen section (FS) and definitive histological
examination of the sentinel lymph node biopsy among early breast cancer patients
considering disease-free survival (DFS) and overall survival (OS).

Methods: In this study, we included all women who underwent sentinel lymph node
biopsy (SLNB) for breast cancers classified as TNM stage I and II in our center between
January 2005 and January 2017, and the follow-up was collected up to January 2019. We
divided patients among three groups based on SLNB evaluation: definitive histological
examination, intra-operative FS, or OSNA.
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Results:We included 2412 SLNBs: 727 by definitive histological examination, 697 by FS,
and 988 by OSNA. Isolated tumor cells were found in 2.32% of cases, micrometastasis in
9.12%, and macrometastases in 13.64%. Surgical procedure duration was significantly
shorter in OSNA than in FS (42.1 minutes ±5.1 vs. 70.1 minutes ±10.5, p <0.05). No
significant differences have been observed among the three groups regarding OS, DSF,
cumulative local, or distant metastases. In particular 5-year DFS was 96.38% in definitive
histology (95% C.I. 95.02-97.75%), 96.37% in FS (95% C.I. 94.98-97.78%), and 96.51%
in OSNA group (95% C.I. 95.32-97.72%).

Conclusions: No difference in OS and DFS was found comparing OSNA, FS, and
definitive histology. Furthermore, reduced operative time was found in the OSNA group.
Keywords: sentinel lymph node biopsy, OSNA, breast cancer, survival, frozen section
INTRODUCTION

The sentinel lymph node biopsy (SLNB) procedure has
dramatically revolutionized breast surgery during the last
decades (1). In fact, SLNB with staging intent has progressively
replaced complete axillary lymph node dissection (CALND),
previously intended with a curative purpose. Probably in the
future, even this procedure might be abandoned in favor of a
non-surgical lymph node evaluation to predict patients’
prognosis and better tailor subsequent therapies (1, 2).

For what concerns the technique, we assisted in a first
evolution to reduce the number of interventions with the
introduction of intraoperative frozen section evaluation of the
SLNB. Performing in the same surgical session, the primary
breast surgery, the SLNB, and eventually the CALND according
to the intraoperative lymph node assessment reduces the
patients’ surgical burden and the healthcare system costs (3–5).
Secondly, an intraoperative molecular-based lymph node staging
has been adopted in place of the traditional morphological
examination to minimize the operative time and enhance
accuracy (6). In particular, the one-step nucleic acid
amplification (OSNA) system consists of the amplification of
cytokeratin (CK) 19 mRNA directly from the lysate to
distinguish positive from negative samples (7–9). This second
advance, besides ensuring a reduction in surgical sessions per
patient and the costs for the healthcare system, allows reducing
operating times and the pathologist workload (4, 6).

AlthoughOSNA is considered themost accurate intraoperative
lymph node staging technique (10), the literature lacks cohort
studies, with everyday routine data, comparing survival analysis
between OSNA and other lymph node staging methods
(intraoperative frozen section or definitive histology).

Our study evaluates the OSNA method for the intraoperative
analysis of sentinel lymph node biopsy compared with frozen
int Committee on Cancer/Union for
ass index; CALND, complete axillary

rval; CK, cytokeratin; DFS, disease free
drtile range; ITC, isolated tumor cell;
erall survival; OSNA, One-step nucleic
mph node biopsy; TNM, tumor,
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section and definitive histological examination among patients
affected by breast cancers classified as TNM stage I and II
considering disease-free survival and overall survival.
METHODS

Study Design and Subjects
All women were included in this retrospective cohort study who
underwent SLNB for invasive breast cancers classified as TNM
stage I and II in our center between January 2005 and January
2017. The follow-up was collected up to January 2019. According
to Helsinki Declaration, the study was carried out and followed
the dictates of the general authorization to process personal data
for scientific research purposes by the Italian Data Protection
Authority. We excluded all cases that underwent primary
CALND, male breast cancer patients, women affected by
intraductal neoplasia, benign breast diseases, as well as invasive
breast cancers classified as TNM stage III or IV. The patient
information was gathered from clinical files.

In all included cases, SLNB was performed. At the same time,
breast cancer removal consisted of breast-conserving surgery or
mastectomy when appropriate, followed or not by immediate
breast reconstruction as previously described (5, 11, 12). Non-
palpable breast lesions were removed by radio-guided occult
lesion localization or wire hook localization as previously
described (5, 13–15).

The cohort of included patients was divided into three groups
according to SLNB histological assessment: group A consists of all
cases in which SLNB was assessed by definitive histological
examination, group B includes all cases in which SLNB was
assessed by intraoperative frozen section (FS), and group C
includes all cases in which SLNB was assessed by OSNA.
Intraoperative FS was introduced in 2002 and is still performed in
selected cases (more than three sentinel nodes, big-sized sentinel
nodes, history of hematological disease, previous neoadjuvant
chemotherapy, OSNA system unavailability). OSNA system was
introduced in October 2011. Definitive histological examination
was performed onany sentinel node removal under local anesthesia
before planning final breast surgery.
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Definitive Histological Examination
In the event of definitive histological examination, all biopsied lymph
nodes were cut in parts of 2 mm thickness, formalin-fixed, and
paraffin-embedded before undergoing an accurate in toto evaluation
of 0.15-mm-spaced, hematoxylin-eosin-stained sections (16).
Concurrently, an immunohistochemical assessment of a random
portionof the considerednodes to search foraneventualpositivity for
cytokeratins was performed on pathologist request (17).

Intraoperative Frozen Section
In intraoperative FS, the sentinel nodes were cut in parts of 2 mm
thickness, frozen, and optimal cutting temperature (OCT)
embedded before undergoing intraoperative assessment. First,
the pathologist performed a histological examination of 2
hematoxylin-eosin-stained sections (0.15-mm-spaced).
Thereafter, the remnant sentinel lymph node tissue underwent
traditional definitive in toto histological examination with
evaluation of 0.15-mm-spaced, hematoxylin-eosin-stained
sections, and immunohistochemical evaluation of a random
nodal portion on pathologist request.

One-Step Nucleic Acid Amplification
The detailed OSNA assay has been previously described (18–20).
First, all the collected sentinel lymph nodes were separately
homogenized in an mRNA-stabilizing solution (Lynorhag, pH
3.5 Sysmex®). Then, an isothermal (65°C) CK19 amplification
was performed using the Lynoamp amplification kit (Sysmex®)
through a reverse transcriptase amplification assay (RT-LAMP)
in a gene amplification detector RD-100i (Sysmex®). A standard
positive control sample and a negative control sample were used
for calibration in every assay. Our protocol complied with a
previously described procedure (20). As previously defined, the
results were given automatically in a semiquantitative way (18,
20–22). In brief, if the CK19 mRNA copy number/µl lysate was
less than 250 copies/µl, the result was regarded as negative (-),
indicating non-metastasis; copy numbers between 250 and 5000/
µl were regarded as positive (+), indicating micrometastasis; and
copy numbers of 5000/µl and greater as strongly positive (++),
indicating macrometastasis.

Variables and Outcomes
The primary outcomes for this study were overall survival (OS),
disease-free survival (DFS), cumulative local recurrences, and
cumulative distant recurrences. In addition, the following
information was collected: patient age, body mass index (BMI),
tobacco smoke habit, family history of breast and ovarian cancer,
previous use of estrogens, post-menopausal status, definitive type
of breast surgery, definitive type of axilla surgery, definitive
histological results, non-surgical treatments (e.g., neo-adjuvant
or adjuvant chemotherapy), the presence of comedo-like
necrosis, multifocality/multicentricity, extensive intraductal
component, peritumoral vascular invasion, peritumoral
inflammation, breast cancer molecular subtype, tumor grading,
lymph node characteristics (e.g., presence of isolated tumor cells
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(ITCs), micrometastasis, extracapsular lymph node invasion, or
lymph node bunching), tumor size, nodal status, and TNM stage.

The tumor stage was defined according to the VII edition of
the TNM classification (AJCC/UICC) (23). Tumor histology was
interpreted and classified according to the World Health
Organization (24). Furthermore, Elston and Ell is ’s
recommendations were used to evaluate the tumor grade (25).
According to Rosen and Oberman’s criteria, the peritumoral
vascular invasion was considered, and the molecular subtype of
breast cancer was evaluated as previously described (25, 26). In
addition, the expression and quantification of ER, PR, Her-2/
Neu, and the proliferative tumor fraction (Mib1/Ki67) were
evaluated as previously described (26). In addition, the lymph
node extracapsular invasion was defined as the extracapsular
growth of tumor cells, invasion of perinodal fat, or extranodal
location of tumor cells (26).

Statistical Methods
Statistical analysis was performed using R (version 3.6.2 – http://
www.R-project.org/). The normal distribution of considered
numeric variables was evaluated through the Kolmogorov-
Smirnov test. Numeric variables were described with the mean
(± standard deviation) or median and interquartile range (IQR),
while categorical variables were described as percentages and
absolute values. Moreover, the following statistical tests were
applied when appropriate: Wilcoxon test, t-test, Kruskall-Wallis
test, and one-way ANOVA for continuous variables, Fisher exact
test, or chi-square test for categorical variables. The Kaplan-
Meier analysis was used to analyze overall survival, disease-free
survival, and cumulative local or distant recurrences. The
differences between different groups were tested using the Log-
rank test. Furthermore, the univariate and multivariate Cox
proportional hazards regression analysis was performed
considering as response variables OS and DFS.
RESULTS

We included in this study 2412 patients with invasive breast
cancer classified as TNM stage I and II and operated on during
the considered period. A definitive histological examination of
SLNB was performed in 727 cases (group A), intra-operative FS
in 697 patients (group B), and OSNA in 988 cases (group C).

Mean patient age resulted in 60.24 years ( ± 12.1), mean BMI
was 25.23 kg/m2 ( ± 4.77), and 79.35% of women were in their
post-menopausal period. The prevalence of familial cancer
history and previous use of estrogens were respectively 30.29%
and 35.28%. In most cases, definitive breast surgery was
conservative in most cases (62.94%), while mastectomy was
definitively performed in 37.06% of cases. Adjuvant hormonal
therapy was administered in 84.82% of women, adjuvant
radiotherapy in 62.16%, and adjuvant chemotherapy in 31.84%
(759/2384).

ITCs were found in 2.32% of cases, micrometastasis in 9.12%,
and macrometastases in 13.64%. The extracapsular lymph node
May 2022 | Volume 12 | Article 847858
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invasion was found in 0.5% of cases, and non-axillary loco-regional
lymph node metastases were found in 1.37% of cases. Definitive
CALND was performed in 22.18% of patients. Among 535
CALND, 312 were performed after detecting macrometastases,
173 micrometastases, 9 ITC, and 41 cases because of sentinel node
detection failure. In addition, CALND was not performed in 47
patients with ITCs and 47 with micrometastases.

The most frequent histotype was invasive carcinoma non-
special type (previously named invasive ductal carcinoma,
79.1%), followed by invasive lobular carcinoma (12.73%), other
special types of invasive carcinoma (3.98%), and the combined
ductal and lobular invasive carcinoma (4.19%). The most
common molecular subtype was luminal A (50.08%), followed
by luminal B (27.57%), basal-like (7.59%), luminal Her (5.85%),
and Her-enriched (3.23%). In 5.68%, the molecular subtype was
not specified. Tumor grading G2 accounted for 59.37% of cases.
The majority of tumors were classified as T1 (85.66%), N0
(77.24%), and TNM stage I (75.17%).

All patients with definitive histological examination had two
surgical interventions, while FS and OSNAwere performed in the
same surgical session as the primary breast tumor. In addition,
the surgical operation was significantly longer in cases assessed
intra-operatively by FS than by OSNA (70.1 minutes ±10.5 vs.
42.1 minutes ±5.1; p <0.05).

In Table 1, we report the different characteristics of the three
studied groups. The definitive histological examination group
had a significantly higher prevalence of BCS than FS or OSNA
ones. In addition, FS was associated with a lower prevalence of
CALND than the definitive histological examination or OSNA
(Table 1). The prevalence of Mib-1>20% was significantly higher
in OSNA than FS and definitive histological examination.
Table 2 shows the differences in terms of tumor characteristics
between the definitive histological examination and OSNA or FS
groups. The prevalence of luminal A subtype was significantly
higher in FS than in definitive histological examination and
OSNA (Table 2). In addition, the prevalence of positive nodes
was significantly higher in the OSNA group than in the other two
Frontiers in Oncology | www.frontiersin.org 4112
groups (Table 2). Concurrently, the OSNA group had a
significantly higher prevalence of N1 tumors (Table 3) and a
higher prevalence of both macro- and micro-metastases
(Table 2) than the other two groups.

Figure 1 shows the Kaplan-Meier analysis, and no significant
differences have been observed in OS, DSF, cumulative local or
distant metastases (Figures 1A–D). At 5 years follow-up the OS
in definitive histological examination group, FS, and OSNA was
respectively 99.16% (95% C.I. 98.49-99.83%), 99.12% (95% C.I.
98.43-99.82%), and 99.20% (95% C.I. 98.61-99.80%) while the
DFS was respectively 96.38% (95% C.I. 95.02-97.75%), 96.37%
(95% C.I. 94.98-97.78%), and 96.51% (95% C.I. 95.32-97.72%).
The mortality rates in the definitive histological examination
group, FS, and OSNA were respectively 1.681 deaths/1000
patients/year, 1.757 deaths/1000 patients/year, and 1.600
deaths/1000 patients/year. The local recurrence incidence rates
in the definitive histology group, FS, and OSNA were respectively
3.383 cases/1000 patients/year, 4.740 cases/1000 patients/year,
and 4.853 cases/1000 patients/year. The distant metastases
recurrence incidence rates in the definitive histological
examination group, FS, and OSNA were respectively 4.236
cases/1000 patients/year, 3.237 cases/1000 patients/year, and
2.753 cases/1000 patients/year. Table 4 also shows univariate
and multivariate cox analysis, and no significant differences have
been found in OS and DFS among the three studied groups. The
analysis in Table 4 was stratified for N0, and no significant
differences were found. DFS was assessed separately for
macrometastases. In the univariate analysis and multivariate
analysis, no significant differences were observed. The
multivariate adjustment for DFS in the sub-group of
macrometastases resulted for intraoperative FS of HR 2.44 (95%
C.I. 0.44 - 13.38) (p=0.305) in reference to definitive histology and
for Intraoperative OSNAofHR 1.05 (95%C.I. 0.18 - 6.1) (p=0.957).
The multivariate adjustments were performed according to the
most predictive factors and the possible confounders found in the
univariate analysis. No other stratifications were performed due to
the limited number of events.
TABLE 1 | Description of the population subdivided in the three considered groups (definitive histology, intraoperative frozen section, and OSNA).

Definitive histology (727) Intraoperative frozen section (697) Intraoperative OSNA (988) p

Age (years) 60.7 ( ± 12.0) 59.4 ( ± 11.4) 60.5 ( ± 12.6) 1
BMI (kg/m²) 25.6 ( ± 4.7) 25.1 ( ± 4.7) 24.9 ( ± 4.9) 1,2
Tobacco smoke 7.8% (53/676) 8.1% (52/644) 16.8% (90/537) 2,3
Familial cancer history 29.2% (42/144) 35.0% (82/234) 29.1% (237/814) NS
Previous use of estrogens 33.6% (36/107) 31.1% (37/119) 39.3% (66/168) NS
Post-menopausal status 81.4% (592/727) 80.1% (558/697) 77.3% (764/988) 2
Definitive breast surgical intervention
BCS 74.7% (543/727) 63.1% (440/697) 54.1% (535/988) 1,2,3
Mastectomy 25.3% (184/727) 36.9% (257/697) 45.9% (453/988) 1,2,3
Definitive CALND 23.2% (169/727) 19.2% (134/697) 23.5% (232/988) 3

Non-surgical treatments
Adjuvant radiotherapy 69.2% (496/717) 66.3% (460/694) 54.1% (526/973) 2,3
Adjuvant chemotherapy 34.3% (246/717) 29.1% (202/694) 32.0% (311/973) 1
Adjuvant hormonal therapy 83.3% (597/717) 85.0% (590/694) 85.8% (836/974) NS
May 2022 | Volume 12 | Article 84
Differences statistically significant (p < 0.05) between, (1) definitive histology and intraoperative frozen section; (2) definitive histology andOSNA; (3) intraoperative frozen section andOSNA.
BMI, body mass index; BCS, breast conservative surgery; CALND, complete axillary lymph node dissection.
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DISCUSSION

Surgical procedure length was significantly shortened by the
intraoperative OSNA technique. In addition, despite the long
follow-up considered, no significant differences have been
observed among the three groups (intraoperative OSNA or FS
and definitive histology) regarding OS, DSF, cumulative local or
distant metastases, apart from a non-significant increased risk of
local recurrences related to FS and OSNA method.
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Previous studies demonstrated a peak of local recurrences
after SLNB between the third and the sixth year of follow-up,
which are mostly included in our study (11). Only a limited
number of studies performed a survival analysis considering
OSNA, and none compared in the same population in all three
groups we considered based on the SLNB evaluation technique
(10, 27, 28). Recently, Shimazu and coworkers found a
significantly improved DFS in N0 status detected by OSNA, if
compared with traditional histology, suggesting the better
TABLE 3 | TNM stage and tumor grading among the three considered groups (definitive histology, intraoperative frozen section, and OSNA).

Definitive histology (727) Intraoperative frozen section (697) Intraoperative OSNA (988) p

Tumor local extension
T1 83.9% (610/727) 89.2% (622/697) 84.4% (834/988) 1,3
T2 16.1% (117/727) 10.8% (75/697) 15.3% (151/988) 1,3
T3 0.0% (0/727) 0.0% (0/697) 0.3% (3/988) NS

Nodal status
N0 78.0% (567/727) 82.9% (578/697) 72.7% (718/988) 1,2,3
N1 21.6% (157/727) 17.1% (119/697) 27.1% (268/988) 1,2,3
N2 0.4% (3/727) 0.0% (0/697) 0.2% (2/988) NS

TNM stage
I 72.1% (524/727) 79.9% (557/697) 74.1% (732/988) 1,3
II 27.9% (203/727) 20.1% (140/697) 25.9% (256/988) 1,3

Tumor grading
G1 5.8% (42/727) 28.4% (198/697) 23.9% (236/988) 1,2,3
G2 69.6% (506/727) 53.7% (374/697) 55.9% (552/988) 1,2
G3 24.6% (179/727) 17.9% (125/697) 20.2% (200/988) 1,2
May 2022 | Volume 12 | Article 84
Differences statistically significant (p < 0.05) between: (1) definitive histology and intraoperative frozen section; (2) definitive histology and OSNA; (3) intraoperative frozen section and
OSNA. TNM, Tumor-Node-Metastasis.
TABLE 2 | Tumor characteristics considering the three groups (definitive histology, intraoperative frozen section, and OSNA).

Definitive histology (727) Intraoperative frozen section (697) Intraoperative OSNA (988) p

Histological type
Invasive carcinoma non-special type 76.6% (557/727) 80.6% (562/697) 79.9% (789/988) NS
Lobular invasive carcinoma 14.4% (105/727) 12.1% (84/697) 11.9% (118/988) NS
Ductal and lobular invasive carcinoma 3.9% (28/727) 3.9% (27/697) 4.7% (46/988) NS
Other invasive carcinoma 5.1% (37/727) 3.4% (24/697) 3.5% (35/988) NS

Tumor characteristics
Mib-1>20% 28.3% (196/693) 24.0% (151/628) 33.6% (320/953) 2,3
Comedo-like necrosis 4.1% (30/727) 9.9% (69/697) 8.3% (82/988) 1,2
Multifocality/multicentricity 16.6% (121/727) 14.2% (99/697) 17.1% (169/988) NS
EIC 19.8% (144/727) 28.3% (197/697) 16.8% (166/988) 1,3
PVI 2.3% (17/727) 15.4% (107/697) 25.6% (253/988) 1,2,3
Peri-tumoral inflammation 3.3% (24/727) 0.6% (4/697) 0.5% (5/988) 1,2

Molecular subtype
Luminal A 51.3% (356/694) 59.5% (377/634) 50.2% (475/947) 1,3
Luminal B 30.5% (212/694) 23.2% (147/634) 32.3% (306/947) 1,3
Luminal Her 6.1% (42/694) 6.0% (38/634) 6.4% (61/947) NS
Her enriched 2.9% (20/694) 3.2% (20/634) 4.0% (38/947) NS
Basal-like 9.2% (64/694) 8.2% (52/634) 7.1% (67/947) NS

Lymph node characteristics
Sentinel nodes removed >2 17.83% (64/359) 9.61% (67/697) 8.04% (78/970) 1,2
Ppositive sentinel nodes 22.0% (160/727) 17.1% (119/697) 27.3% (270/988) 1,2,3
ITC 5.6% (41/727) 2.2% (15/697) — 1
Micrometastasis 6.5% (47/727) 5.2% (36/697) 13.9% (137/988) 2,3
Macrometastasis 15.5% (113/727) 11.9% (83/697) 13.5% (133/988) 1
Extracapsular lymph node invasion 0.6% (4/727) 0.3% (2/697) 0.6% (6/988) NS
Non axilla locoregional lymph node metastasis 2.2% (16/727) 2.4% (17/697) 0.0% (0/988) 2,3
Differences statistically significant (p < 0.05) between, (1) definitive histology and intraoperative frozen section; (2) definitive histology andOSNA; (3) intraoperative frozen section andOSNA.
EIC, extensive intraductal component; PVI, peritumoral vascular invasion; ITC, isolated tumor cells.
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staging efficiency of the OSNA method (28). Our data did not
confirm this advantage. Instead, we showed a non-significant
increased recurrence risk in the case of intraoperative OSNA, in
comparison with definitive histology, which may be explained by
the higher incidence of unfavorable prognostic factors found in
Frontiers in Oncology | www.frontiersin.org 6114
the group of patients who underwent OSNA evaluation of their
SLNB. Indeed, the OSNA method resulted significantly
associated with tumor features, which are usually expressions
of a more aggressive biological behavior of the disease, such as
tumor multifocality/multicentricity, extensive intraductal
TABLE 4 | Univariate and multivariate Cox analysis.

OS (All nodal status) HR (95% CI) p HR (95% CI) (*) p

Definitive histology Reference 1.000 Reference 1.000
Intraoperative FS 1.05 (0.34 - 3.25) 0.937 2.53 (0.75 - 8.55) 0.135
Intraoperative OSNA 0.97 (0.33 - 2.90) 0.962 1.54 (0.44 - 5.35) 0.498
OS (Only N0) HR (95% CI) p HR (95% CI) (**) p
Definitive histology Reference 1.000 Reference 1.000
Intraoperative FS 0.82 (0.22 - 3.05) 0.767 1.38 (0.34 - 5.65) 0.651
Intraoperative OSNA 1.25 (0.4 - 3.96) 0.701 1.91 (0.51 - 7.06) 0.335

DFS (All nodal status) HR (95% CI) p HR (95% CI) (*) p
Definitive histology Reference 1.000 Reference 1.000
Intraoperative FS 1.01 (0.58 - 1.74) 0.982 0.99 (0.53 - 1.86) 0.973
Intraoperative OSNA 0.96 (0.57 - 1.62) 0.888 0.84 (0.47 - 1.52) 0.573

DFS (Only N0) HR (95% CI) p HR (95% CI) (**) p
Definitive histology Reference 1.000 Reference 1.000
Intraoperative FS 1.08 (0.57 - 2.06) 0.807 1.18 (0.56 - 2.49) 0.658
Intraoperative OSNA 1.02 (0.55 - 1.91) 0.943 1.14 (0.56 - 2.29) 0.717

DFS (Nodal macrometastases) HR (95% CI) p HR (95% CI) (**) p
Definitive histology Reference 1.000 Reference 1.000
Intraoperative FS 0.98 (0.31 - 3.08) 0.971 2.44 (0.44 - 13.38) 0.305
Intraoperative OSNA 0.51 (0.15 - 1.74) 0.281 1.05 (0.18 - 6.1) 0.957
May 2022 | Volume 12 | Article 8
(*) Multivariate Cox analysis adjusted for woman age, histological type, molecular subtype, nodal status, TNM stage, tumor grading, Mib-1>20%, comedo-like necrosis, multifocality/
multicentricity, EIC, PVI, type of breast surgery, type of axilla surgery.
(**) Multivariate Cox analysis adjusted for woman age, histological type, molecular subtype, TNM stage, tumor grading, Mib-1>20%, comedo-like necrosis, multifocality/multicentricity, EIC,
PVI, type of breast surgery, type of axilla surgery.
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FIGURE 1 | Kaplan Meier analysis. (A) Overall survival among the studied groups (log-rank test p-value=0.806). (B) Disease free survival among the studied groups
(log-rank test p-value=0.295). (C) Cumulative loco-regional recurrence among the studied groups (log-rank test p-value=0.152). (D) Cumulative distant metastases
among the studied groups (log-rank test p-value=0.589).
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component, peritumoral vascular invasion, comedo-like
necrosis, and Mib-1>20% (29). And in our opinion, this fact
simply reflects the progressive extension of SLNB indications.

In the literature, the OSNA system allowed a more efficient
detection of micrometastasis, consequently decreasing the number
of false-negative histological examinations resulting from the small
size of micrometastases, which may not be included in any
microscopical section (28, 30, 31). Also, in our experience, a
significant increase in the prevalence of micrometastasis was
found compared to FS and definitive histology. In addition, the
prevalence of macrometastases was similar to the definitive
histology, while FS had a significantly lower prevalence of
macrometastases than definitive histology. This last finding
could be due to a significantly higher detection rate of definitive
histology than FS or simply to a better selection of subjects
undergoing FS than definitive histology. Along with the
increased number of detected micrometastases compared to FS
and definitive histology, the OSNA technique also increased the
number of diagnosed macrometastases than FS, correlating with a
higher prevalence of node-positive disease and consequently a
higher prevalence of secondary CALNDs. However, Hintzen and
coworkers recently demonstrated that the increased rate of
CALND after OSNA could be limited by broader adoption of
the criteria that emerged from the Z0011 and AMAROS trials for
axilla treatment (32–34). In particular, they found that the use of
the OSNA method, in association with these emerging criteria for
axilla treatment, does not lead to more CALNDs, axilla
radiotherapy, or adjuvant systemic therapies (34).

As expected, the OSNA technique resulted in an evident
improvement in breast surgery in our center. In particular, in
accordance with the literature (4), it succeeded in significantly
reducing the surgical time from a mean operation length of 70.1
( ± 10.5)minutes in the case of FS to amean operation length of 42.1
( ± 5.1) minutes using OSNA. However, this result required
accurate compliance with some technical premises, such as the
strong limitation of the number of excised nodes. Consequently,
both OSNA and FS correlated with a smaller number of excised
sentinel nodes than definitive histological examination, resulting in
nearly one single node. Furthermore, recently Saruta and coworkers
found that in Japan, the adoption of the OSNA technique, in
addition to reducing the burdenon the patient (limiting the number
of surgeries and the duration of surgical procedures), also reduced
the breast cancer healthcare costs per patient (35).

The main limitations of this study are the retrospective and
non-randomized nature of the chart review and the
unavailability of detailed data about cost-effectiveness and side
effects. Among the strengths of this study, we can emphasize the
broad cohort and the remarkable follow-up data. In addition,
Frontiers in Oncology | www.frontiersin.org 7115
another essential strength is the uniform management due to
regular multidisciplinary meetings in a single-center experience.

Our findings add further proof to the body of evidence
supporting the wider adoption of this innovative technology that
enables a safe reduction in patient surgical burden and healthcare
costs. The reduction in costs also comprises a lower workload for
the pathologist than intraoperative FS and definitive histology.

In conclusion, no difference was found in OS and DFS when
comparing OSNA, FS, and definitive histology. At the same time,
the OSNA system was advantageous in reducing single-session
surgical operating time and the pathologist workload.
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Effectiveness of the Sanyin Formula
Plus Chemotherapy on Survival
in Women With Triple-Negative
Breast Cancer: A Randomized
Controlled Trial
Chunyu Wu1†, Chenping Sun1†, Guangyu Liu2,3, Yuenong Qin1, Xiaohong Xue4,
Xueqing Wu5, Qun Wang6, Jin Liu6, Zhen Ye1,7, Qiong Li4, Wenchao Qu5, Yi Wang1,7,
Shuai Zhang1, Zhiming Shao2,3,8* and Sheng Liu9*

1 Department of Breast Surgery (Integrated Traditional and Western Medicine), Longhua Hospital, Shanghai University of
Traditional Chinese Medicine, Shanghai, China, 2 Department of Breast Surgery, Key Laboratory of Breast Cancer in
Shanghai, Fudan University Shanghai Cancer Center, Shanghai, China, 3 Department of Oncology, Shanghai Medical
College, Fudan University, Shanghai, China, 4 Department of Breast Surgery, Yueyang Hospital of Integrated Chinese and
Western Medicine, Shanghai University of Traditional Chinese Medicine, Shanghai, China, 5 Department of Breast, Shuguang
Hospital, Shanghai University of Traditional Chinese Medicine, Shanghai, China, 6 Department of Surgery (Thyroid and Breast
Surgery), Shanghai Traditional Chinese Medicine Hospital, Shanghai University of Traditional Chinese Medicine, Shanghai,
China, 7 School of Longhua Clinical Medicine, Shanghai University of Traditional Chinese Medicine, Shanghai, China,
8 Shanghai Cancer Center and Institutes of Biomedical Sciences, Shanghai Medical College, Fudan University,
Shanghai, China, 9 Longhua Hospital, Shanghai University of Traditional Chinese Medicine, Shanghai, China

Purpose: To evaluate the efficacy of the Sanyin formula (SYF) plus conventional standard
chemotherapy in operable triple-negative breast cancer (TNBC) patients, a randomized
controlled trial was implemented at 5 hospitals and cancer centers in China between May
23, 2016, and October 31, 2019.

Materials and Methods: Female patients aged 18 to 80 years with operable TNBC
after definitive surgery were screened and enrolled. The exclusion criteria included
metastatic disease, other tumors, or locally advanced disease. Patients were randomly
divided into groups SYF plus conventional standard chemotherapy and placebo plus
conventional standard chemotherapy at a ratio of 1:1. The primary endpoint of the
investigation was disease-free survival (DFS), and secondary endpoints included overall
survival (OS) and toxicity.

Results: A total of 252 operable female TNBC patients were randomized to receive SYF
plus conventional standard chemotherapy (N = 127) or a placebo plus conventional
standard chemotherapy (N = 125). At a median follow-up of 51 months, 5-year DFS time
was longer in those assigned to SYF plus conventional standard chemotherapy compared
with placebo plus conventional standard chemotherapy (94.2%vs 85.5%, hazard ratio
[HR] = 0.40; 95%CI, 0.17-0.97; P = 0.034). The absolute benefit for 5-year DFS was 8.7%
in the SYF plus conventional standard chemotherapy group. No statistically significant
difference was observed in OS between the two groups (P = 0.23). Patients with negative
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node status benefited more from SYF plus conventional standard chemotherapy
treatment (HR = 0.21, P-interaction = 0.013) in accordance with the exploratory
subgroup analyses of DFS.

Conclusions: The results of the present study suggest that the traditional Chinese
medicine SYF plus conventional chemotherapy regimens is an effective alternative
adjuvant chemotherapy strategy for female operable TNBC patients.

Clinical Trial Registration: https://www.chictr.org.cn/searchproj.aspx, identifier
ChiCTR-IPR-16008590.
Keywords: Sanyin formula, traditional Chinese medicine, triple-negative breast cancer, a randomized controlled
trial, survival
INTRODUCTION

Triple-negative breast cancer (TNBC) is infiltrating breast cancer
with negative estrogen receptor (ER), progesterone receptor
(PR), and human epidermal growth factor receptor 2 (HER2)
expressions, which renders it unresponsive to conventional anti-
hormonal therapy and anti-HER2-targeted treatments (1).
Although TNBC accounts for 15-20% of all female breast
cancers, the metastatic occurrence rate of TNBC is the highest,
and the overall survival rate is the lowest (2). Due to the lack of
approved targeted therapies, surgery, cytotoxic chemotherapy
and DNA damaging agents are the current established standard
treatments for TNBC (3). Although chemotherapy can
significantly improve the clinical outcome of TNBC patients,
the recurrence rate is still relatively high, and TNBC tumors are
usually resistant to chemotherapy agents (4–6). Therefore,
considering the limited treatment options and relatively high
invasiveness and recrudescence of TNBC, the development of
new TNBC treatment options is crucial.

In China, traditional Chinese medicine (TCM) is widely used
in the treatment of cancers (7). The progress of traditional
Chinese medicine in the prevention and treatment of cancer
has attracted the attention of many countries worldwide in
recent years. The US National Cancer Institute Office of
Cancer Complementary and Alternative Medicine has
increased the incentives for international cooperation and has
engaged in extension cooperation in traditional Chinese
medicine and cancer research with the Cancer Institute of the
China Academy of Chinese Medical Sciences and institutes at the
China Academy of Sciences and Chinese Academy of Medical
Sciences (8). In contrast to Western medicine, TCM has multiple
targets, which gives it various advantages in the treatment of
ophosphamide plus paclitaxel (Taxol);
uorouracil and docetaxel; ChiCTR:
ase-free survival; EC, epirubicin plus
d cyclophosphamide plus paclitaxel
an epidermal growth factor receptor
ll survival; PR: progesterone receptor;
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cancers. For example, all-trans retinoic acid (ATRA) increases
the cellular uptake of arsenic trioxide (ATO) by upregulating
aquaporin 9, while ATO inhibits the carcinogenic function of
Pin1 by noncovalent binding with the Pin1 active site. ATRA/
ATO therapy cooperatively ablates Pin1, which can block many
cancer-driving pathways and, finally, inhibit the growth of
cancer cells (9). Thus, ATRA plus ATO synergistic targeted
therapy was recommended by NCCN as the first choice for
acute promyelocytic leukemia (APL) treatment in 2014 (10). A
meta-analysis suggested that TCM in combination with Western
medicine has advantages over Western medicine in treating
TNBC (11). These advantages include reducing the side effects
of radiotherapy and chemotherapy, improving the quality of life
of patients, preventing tumor metastasis and recurrence, and
improving the survival rate of patients. Therefore, the
therapeutic strategy of combining traditional Chinese medicine
with Western medicine is a new and beneficial strategy for the
clinical treatment of TNBC patients.

The Sanyin formula (SYF), which is a traditional Chinese
medicine formula that is composed of 9 traditional Chinese
medicines, is effective in reducing the recurrence and metastasis
of TNBC patients during long-term clinical treatment in our
hospital. In our previous prospective cohort study, we
investigated the clinical efficacy of SYF for TNBC and found
that SYF increased the 2-year disease free survival (DFS) (12).
The 2-year DFS was 88.7% for the SYF plus conventional
standard chemotherapy group, which was greater than that of
the nonexposure control group (82.5%) (P < 0.05). The absolute
benefit for the 2-year DFS was 6.2% for the SYF group. SYF
reduced the disease-related recurrence and metastasis rate by
11.0% (OR = 0.89, 95% CI 0.37-0.96), with a statistically
significant difference (P < 0.05). However, we do not know the
longer-term benefits of SYF in TNBC patients because clinical
data over periods of more than 2 years were not obtained.
Additionally, this prospective cohort study was not a double-
blind randomized controlled trial, and researcher bias may have
been present. Therefore, we designed a multicenter, randomized,
double-blind, placebo-controlled (RDBPC) trial to observe and
verify the clinical efficacy and safety of SYF for operable TNBC
patients. The randomized controlled trial (RCT) has been
registered and approved in the Chinese Clinical Trial Registry
(ChiCTR) (No. ChiCTR-IPR-16008590).
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MATERIALS AND METHODS

Study Design and Participants
The randomized double-blind placebo control trial was a
randomized and multicenter clinical trial that was carried out
in 5 cancer centers and hospitals in China (Supplement
Table 1). The study protocol was approved by the independent
institutional review committees of the participating centers and
hospitals (Supplementary Table 1). This investigation followed
the guidelines of the Consolidated Standards of Reporting Trials
(CONSORT). The study was performed according to the ethical
principles of the Declaration of Helsinki and the International
Conference on Harmonisation Good Clinical Practice (ICH-
GCP) guidelines. All patients provided written informed
consent. Trial registration: Chinese Clinical Trial Registry
(ChiCTR), ChiCTR-IPR-16008590. Registered 3 June 2016,
https://www.chictr.org.cn/searchproj.aspx.

All patients were screened between May 23, 2016, and
October 31, 2019. Female patients aged 18 to 80 years with
operable, primary invasive TNBC were included in this study.
The estrogen receptor (ER), progesterone receptor (PR), and
human epidermal growth factor receptor 2 (HER2) statuses were
identified according to our previous study (13). The sample size
of the study was estimated using Power and Sample Size at http://
powerandsamplesize.com/Calculators/ in a compare two
proportions manner with the following formula according to a
previous study (14).

nA = knB,     nB =
pA 1 − pAð Þ

k
+ pB 1 − pBð Þ

� �
z1−a + z1−b
pA − pB

� �2

1 − b = ∅
pA − pBj jffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi

pA 1−pAð Þ
nA

+ pB 1−pBð Þ
nB

q − z1−a

0
B@

1
CA

Here, k=nA/nB is the matching ratio, ∅ is the standard
normal distribution function, ∅−1 is the standard normal
quantile function, a is type I error, and b is type II error,
meaning 1−b is power. In this trial, k = 1, a = 0.05, and
b = 0.2. Substituting the formula, the calculated amount of
each group is N = 123. Approximately 252 cases were
eventually included.

Inclusion Criteria
The inclusion criteria were as follows: (1) primary breast cancer
cases after surgical treatment were clearly diagnosed as
malignant epithelial tumors of the breast (breast cancer) by
pathological examination, and the results of ER, PR, and Her-2
immunohistochemistry were all negative; (2) newly diagnosed
patients had breast cancer before chemotherapy or within 3
months after chemotherapy, and there was no recurrence or
metastasis; (3) Karnofsky score ≥ 60 points; (4) patients were
female and 18-80 years old with an estimated survival time > 6
months; (5) patients had no severe organic or functional diseases
and no drug or food allergies; and (6) patients were willing to
accept treatment, observation, and various examinations.
Frontiers in Oncology | www.frontiersin.org 3119
Exclusion Criteria
The exclusion criteria were as follows: (1) patients who did not
meet the inclusion criteria; (2) patients for whom tumor markers
continued to increase, there were undiagnosed masses in the
pelvic or abdominal cavity or organs, or PET indicated
recurrence and metastasis; (3) patients who had an obstruction
and could not take traditional Chinese medicine; (4) women who
were breastfeeding, pregnant, or about to become pregnant; (5)
patients with allergies to multiple drugs; (6) patients with severe
primary diseases of the cardiovascular, cerebrovascular, liver,
kidney, or hematopoietic system or mental illness; and (7)
subjects who participated in other drug tests.

Randomization and Blinding
The eligible female cases after breast cancer surgery were
randomly assigned to receive the Sanyin formula or placebo
(one-tenth dose of SYF) at a ratio of 1:1. The randomization
method was implemented by biostatisticians who had no
knowledge of the data management or data analysis of this
experiment from Shanghai BioGuider Medicinal Technology
Co., Ltd. using the SAS 9.3 package in a central random
system. After blinding, the blinder mailed one sealed copy of
the blind codes to the hospital research office. The other copy was
kept by the sponsor. Patients who met the inclusion criteria were
randomly assigned after obtaining signed written informed
consent. The random number and confirmation code
information was entered into the DAS for the IWRS system
after the blind coding was completed, and this information was
used for the random number application and drug distribution.
Data collection and management were managed and preserved
by Shanghai BioGuider Medicinal Technology Co., Ltd.
(Shanghai, China). All patients were randomly divided into
two groups according to the above stratification.

Procedures
The baseline characteristics of the participants were recorded
before randomization. All patients received SYF or placebo based
on the results of the randomization. All patients received SYF or
placebo for at least 2 years. The medicine (dry powder, 2 bags)
was administered after being fully dissolved in a suitable amount
of hot water (approximately 50-60 ml). The oral dosage was 14 g
bid. The detailed protocol was carried out according to our
previous study (13). The prescription composition and
preparation of SYF and placebo were as follows.

Prescription Composition
The Sanyin formula is a traditional Chinese medicine formula
that is composed of the following 9 traditional Chinese herbs:
Codonopsis pilosula Nannf. (Chinese name: Dangshen),
Atractylodes macrocephala Koidz. (Chinese name: Baizhu),
Poria cocos (Schw.) Wolf. (Chinese name: Fuling), Salviae
chinensis Herba (Chinese name: Shijianchuan), Curcuma
phaeocaulis Valeton (Chinese name: Ezhu), Epimedium
brevicornu Maxim. (Chinese name: Yinyanghuo), Solanum
nigrum Linn. (Chinese name: Longkui), Scutellariae barbatae
D. Don (Chinese name: Banzhilian), and Prunella vulgaris Linn.
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(Chinese name: Xiakucao). The total daily dose was 180 g. All
Chinese herbal medicines were purchased from Shanghai
Kangqiao Traditional Chinese Medicine Pieces Co., Ltd. and
were identified by expert traditional Chinese pharmacists at
Longhua Hospital.

Preparation of SYF and the Placebo
SYF and the placebo were prepared by Tiangjiang
Pharmaceutical Co., Ltd. The prescription composition (180 g),
as specified above, was added at a ratio of 1:13 to pure water
(2340 ml). Then, the mixture was heated to boiling and kept
slightly boiling for 1 hour. The filtrate was obtained after
filtration. The obtained residue was decocted again. The
filtrates from the two extractions were combined. The filtrate
was concentrated under reduced pressure to a liquid with a
specific gravity of 1.10-1.12 (65 ± 5°C). Spray drying (process
parameters: inlet air temperature 160°C-180°C, outlet air
temperature 95°C-105°C) was used to obtain a dry extract
powder. The dry extract was ground into 12-40 mesh granules.
These particles were packed into aluminum foil bags that had
been preprinted with corresponding labels. There was a total of
7.0 g Chinese medicine granules in each bag.

The placebo was obtained by mixing excipients with SYF at a
ratio of 9:1. The excipients were composed of the following:
lactose, caramel color, sunset yellow basic color, lemon yellow
basic color, and a bittering agent, among other compounds. After
the excipients were adjusted, they were mixed with the SYF
mixture and packaged.

Drug Packaging and Delivery
Drug packaging was carried out by staff who were unrelated to
this study and worked at Shanghai BioGuider Medicinal
Technology Co. Ltd. The drugs were packaged according to
the treatment group that corresponded to the random number
that was generated by the software. In this trial, a central random
system was used to deliver drugs according to the visit period.
Each subject received a completely consistent treatment regimen
according to their unique random number. The package number
of the drug was entered into the DAS for the IWRS system after
blind coding was completed and was used for the
drug distribution.

Outcomes
The primary endpoint was DFS, and DFS events were identified
in accordance with previous work (13). Briefly, the DFS events
included noninvasive and invasive breast cancer recurrences,
second primary noninvasive and invasive breast cancers, and
second primary non-breast cancers, as well as death from any
cause. Secondary endpoints included overall survival (OS) and
toxicity. OS was defined as the time from random assignment to
death from any cause.

Unblinding
The unblinding date was June 28, 2021. The unblinding table was
mailed to the researchers by a third-party data management
company (Shanghai BioGuider Medicinal Technology Co. Ltd).
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Safety Evaluation
In order to assess drug safety or any adverse effects, patients were
observed for safety metrics throughout the study. Blood, urine,
stool routine, liver and kidney function, abdominal B-
ultrasound, and electrocardiogram were performed every 3
months. If the investigator finds any adverse events (AEs), they
should be graded according to the World Health Organization
(WHO) criteria for presentation and indicators of acute and
subacute toxicity (grades 0, 1, 2, 3, and 4). The correlation
between toxic or side effects and drugs was carefully analyzed.
In the event of serious adverse reactions, the trial will be
terminated by the comprehensive decision of the subjects
or investigators.

Statistical Analysis
Data were analyzed from June 29, 2021, to April 22, 2022. For
continuous and categorical factors, the Wilcoxon rank-sum test
and the c2 test were used to evaluate differences between the SYF
group and placebo group. The distributions of survival outcomes
were calculated by the Kaplan–Meier method. The stratified log-
rank test was used to compare the survival curves of the two
groups. The stratified Cox proportional hazards model was used
to calculate the hazard ratios and 95% confidence intervals (95%
CIs). The Cox regression analysis was carried out to analyze the
possible interaction between the indicators of the subgroups and
the prognosis. Kaplan–Meier curves were adopted to estimate the
DFS and OS probabilities at 1, 3, and 5 years. A Z-test was
employed to compare the 1-, 3-, and 5-year survival rates
between the two groups. All analyses were performed with
SPSS statistical software, version 19.0 (IBM Corp., Armonk,
NY). The results were plotted using OriginPro statistical
software, version 2021b (OriginLab Corp., Northampton, MA).
A two-sided P-value or P-interaction < 0.05 was considered
statistically significant according to usual practice.
RESULTS

Patients Characteristics
A total of 322 TNBC patients were screened at 5 hospitals and
cancer centers in China between May 23, 2016, and October 31,
2019. Among them, 252 patients were enrolled and randomly
divided into two groups: 127 in the SYF treatment group and 125
in the placebo group (Figure 1). The baseline characteristics of the
252 patients who completed the investigation were well balanced
between the two groups (Table 1). The median age of the employed
patients was 51 years (interquartile range, 44-60 years) at the
randomization time. The main pathological type of the enrolled
patients was invasive ductal carcinoma (> 90%) (Table 1). Most
cases were early-stage TNBC cases (node-negative rate: 62%)
(Table 1). The chemotherapy regimen for these patients was
mainly EC-P (Supplementary Table 2). The proportions of EC-
P, EC, and CEF-T cells in the placebo group were 46%, 12%, and
11%, respectively. The rates of EC-P, EC, and CEF-T in the SYF
groups were 48%, 14%, and 9%, respectively. Approximately two-
thirds of the patients underwent a mastectomy to remove the tumor
May 2022 | Volume 12 | Article 850155
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mass, and the others underwent BCS (Table 1). Tumor size,
histological grade, and Ki67 proliferation index were similar
between the two groups (Table 1). Approximately 77% of the
patients completed all trials (Table 2).

Efficacy
All patients underwent a minimum of 42 months of follow-up.
At a median follow-up of 51 months, 24 (9.5%) DFS events were
observed in these female patients (Table 3). The results of the
Kaplan-Meier curves of DFS suggested that the 5-year DFS time
was longer in those assigned to SYF plus conventional standard
chemotherapy compared with placebo plus conventional
standard chemotherapy (94.2%vs 85.5%, P = 0.034) (Figure 2).
The absolute benefit for 5-year DFS was 8.7% in the SYF plus
conventional standard chemotherapy group (Figure 2). Only 7
DFS events among 127 TNBC cases were found in the SYF plus
chemotherapy group, while 17 events were found among 125
patients in the placebo plus chemotherapy group. The HR of the
SYF plus chemotherapy group was 0.40 (95% CI, 0.17-0.97), with
a statistically significant difference (stratified log-rank
P = 0.035) (Figure 2).

Although there was no significant difference in the Kaplan-
Meier curves of OS between the two treatment groups, the
Frontiers in Oncology | www.frontiersin.org 5121
number of death events in the SYF plus chemotherapy group
was less than that in the placebo plus chemotherapy group (2 vs.
5, HR, 0.38; 95% CI, 0.074-1.98; stratified log-rank P = 0.23)
(Figure 3). The absolute benefit for the 5-year OS rate in the SYF
plus chemotherapy group was 2.2% (P = 0.26). However,
adequate evaluation of the efficacy of SYF plus chemotherapy
on OS in female patients with TNBC requires more events and
long-term follow-up.

Node-negative patients benefited more from SYF plus
chemotherapy treatment (HR = 0.21; 95% CI, 0.045-0.94, P-
interaction = 0.013) in accordance with the exploratory subgroup
analyses of DFS (Figure 4). Patients of older age, with large
tumor size, and a high-grade histological appeared to have
benefited more from SYF plus chemotherapy treatment
(Figure 4). There were no marked differences among the
treatment intervention times (before or after chemotherapy) or
the types of surgeries (BCS and mastectomy).

Safety
There was no significant difference in treatment-related adverse
events (grades 2 to 4) between the two treatment groups
throughout the trial. The two treatments were generally well
tolerated. There were no treatment-related deaths or life-
FIGURE 1 | Flow diagram of the study.
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threatening events during the consecutive experimental
observation period. Upper limb edema, pain, and diarrhea
were observed in the SYF plus chemotherapy group, while liver
function injury, weakness, pain, and diarrhea were observed in
the placebo group. The overall treatment-related adverse event
rates of the experimental group and the placebo group were 2.4%
and 3.2%, respectively (Table 2).
DISCUSSION

The purpose of this RCT was to determine whether SYF has
additional benefits in TNBC adjuvant therapy. The results of the
present study indicated that SYF adjuvant therapy plus
Frontiers in Oncology | www.frontiersin.org 6122
conventional standard chemotherapy has clear benefits
compared with conventional standard chemotherapy.

According to our previous prospective investigation, SYF can
increase 2-year DFS in patients with TNBC. The absolute return
of 2-year DFS in the SYF plus chemotherapy group was 6.2%,
and SYF plus chemotherapy reduced the rate of breast cancer
recurrence and metastasis by 11% (P < 0.05). In the present
study, the absolute return of 5-year DFS in SYF plus
chemotherapy group was 8.7%. The 5-year DFS time was
longer in those assigned to SYF plus conventional standard
chemotherapy compared with placebo plus conventional
standard chemotherapy (94.2%vs 85.5%, hazard ratio [HR] =
0.40; 95%CI, 0.17-0.97; P = 0.034). The results of the present
RCT study not only confirmed this benefit but also further
TABLE 2 | Summary of clinical trial termination.

Reasons No. (%) of patients

Placebo (N = 125) SYF (N = 127)

Total 29 (23.2) 30 (23.6)
Non-compliant patient 10 (8.0) 10 (7.9)
Lost to follow-up 8 (6.4) 10 (7.9)
Withdrawal of informed consent 7 (5.6) 7 (5.5)
Adverse reactions 4 (3.2) 3 (2.4)
May 2022 | Volume 12 |
TABLE 1 | Patient baseline characteristics.

Characteristic No. (%) of patients

Total (N = 252) Placebo (N = 125) SYF (N = 127)

Age, median (IQR), year 51 (44-60) 51 (44-60) 52 (45-61)
Pathological type
Invasive ductal carcinoma 227 (90.1) 112 (89.6) 115 (90.6)
Others 25 (9.9) 13 (10.4) 12 (9.4)

Age, months
<50 105 (41.7) 55 (44.0) 50 (39.4)
≥50 147 (58.3) 70 (56.0) 77 (60.6)

Tumor size
T1 133 (52.8) 58 (46.4) 75 (59.1)
T2-3 104 (41.3) 60 (48.0) 44 (34.6)
Unknown 15 (5.9) 7 (5.6) 8 (6.3)

Histological grade
I-II 58 (23.0) 28 (22.4) 30 (23.6)
III 171 (67.9) 87 (69.6) 84 (66.2)
Unknown 23 (9.1) 10 (8.0) 13 (10.2)

Ki67 proliferation index (%)
≤30 56 (22.2) 31 (24.8) 25 (19.7)
>30 188 (74.6) 88 (70.4) 100 (78.7)
Unknown 8 (3.2) 6 (4.8) 2 (1.6)

Node status
Negative 157 (62.3) 82 (65.6) 75 (59.1)
Positive 68 (27.0) 30 (24.0) 38 (29.9)
Unknown 27 (10.7) 13 (10.4) 14 (11.0)

Administration
Before chemotherapy 102 (40.6) 50 (40.0) 52 (40.9)
After chemotherapy 150 (59.4) 75 (60.0) 75 (59.1)

Surgery
BCS 82 (32.5) 45 (36.0) 37 (29.1)
Mastectomy 166 (65.9) 76 (60.8) 90 (70.9)
Unknown 4 (1.6) 4 (3.2) 0 (0.0)
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showed that SYF adjuvant therapy can maintain this benefit for a
long time. The risk of metastasis and recurrence increases with
the prolonged course of the patient’s disease. The survival benefit
from SYF seems to increase over time. This may be realized by
the inhibition of SYF in cancer cell metastasis. In subsequent
subgroup analyses, TNBC patients with lymph node-negative
benefit more than cases with lymph node-posit ive
(P-interaction = 0.013). We will discuss this benefit in the
subsequent subgroup analysis. The 5-year DFS in this trial was
significantly higher than that in our previous prospective study.
We believe that this may be due to two factors. One may be that
the number of samples in the previous study was smaller than
that in this trial, and the other may be that the tumor burden of
participants in this trial was low. The present investigation
involved not only a sufficient sample size but also a longer
Frontiers in Oncology | www.frontiersin.org 7123
follow-up time. More importantly, this trial was a multicenter,
randomized, double-blind, placebo-controlled trial that was
more reliable than our previous prospective investigation.
Additionally, the 5-year DFS was 94.2% in this study, which
was superior to the estimated 86.5% 5-year DFS in our previous
PATTERN (adjuvant platinum and taxane in triple-negative
breast cancer) trial (15). The results of the present study
indicated that SYF adjuvant therapy plus chemotherapy has
additional significant benefits compared with recommended
conventional standard chemotherapy, even compared with the
current best recommended chemotherapy regimens (15). It
should be noted that the patients who tend to seek traditional
Chinese medicine adjuvant therapies may have a stronger desire
for survival than ordinary nontraditional Chinese medicine
adjuvant therapy patients (16). Thus, this potential
psychological suggestion effect should not be ignored.

According to exploratory subgroup analysis, the patients who
are more sensitive to the SYF combination regimen may exhibit
similar characteristics, such as old age, larger tumor size, and
higher grade of pathology. The subgroup analysis also showed
that the benefits of the SYF regimen were significant in patients
with lymph node-negative TNBC when compared to in cases
with lymph node-positive (P-interaction = 0.013). We
hypothesized that SYF can effectively inhibit the invasion and
metastasis of breast cancer cells in these node-negative patients.
TABLE 3 | First DFS event by treatment.

DFS event No. (%) of patients

Placebo (N = 125) SYF (N = 127)

Local and regional recurrence 6 (4.8) 1 (0.8)
Contralateral breast tumor 2 (1.6) 2 (1.6)
Distant metastasis 9 (7.2) 4 (3.1)
Death 5 (4.0) 2 (1.6)
Total 17 (13.6) 7 (5.5)
FIGURE 2 | Disease-Free Survival.
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A negative lymph node status generally suggests no clinically
detectable metastasis or less metastasis, while a positive node
status indicates high metastatic capability. A previous study
found that lymph node metastasis is not only a marker of late
diagnosis of breast cancer but also a marker of the invasive
phenotype (17). Early intervention with SYF could effectively
inhibit the migration, invasion, and metastasis of breast cancer
cells in these patients with negative lymph node status. Although
the HR of SYF was also lower (< 0.5) in lymph node-positive
patients, the benefit of SYF adjuvant therapy was not significant
(P > 0.19). There are two possible reasons for this phenomenon.
The first is that SYF adjuvant therapy has no additional benefit
for TNBC patients with metastases. As discussed above, a
positive lymph node status usually indicates a high possibility
of metastasis of cancer cells. Indeed, there is a correlation
between lymph node metastasis and the tumor immune
microenvironment in breast cancer (18). These lymph node-
positive patients seem to develop clinically undetectable or
detectable metastases. Unfortunately, SFY was ineffective in the
treatment of micrometastasis of tumor cells. The second reason
is that there may be too few lymph node-positive cases or too few
DFS events. Due to the exaggerated 95% CI data range among
the subgroups with too few samples, the phenomenon may
actually be caused by the small sample size (19). Increasing the
number of TNBC cases or prolonging the follow-up time may
Frontiers in Oncology | www.frontiersin.org 8124
resolve this issue. In addition, we found that TNBC patients with
age ≤ 35 years and regional lymph node stage N1 may be the
benefit group of SYF in our previous cohort trial (13). But there
were 73 and 75 cases in the exposed and non-exposed groups in
our previous study, respectively (13). Therefore, although with a
significant P-value, we believed that the results analyzed with
quite a few cases were not very highly reliable. Although a larger
sample size than that in our previous trial was included, a similar
situation would occur if the subgroup analysis was performed
according to more subgroup types in the present RCT
investigation. Therefore, limited subgroup analyses were
performed in this study. In the future, more direct
experimental evidence should be supplied to evaluate this
hypothesis. Another RCT trial with more clinical centers and
more patients has been approved by the Shanghai Hospital
Development Center (No. SHDC2020CR1050B). The
investigation is expected to uncover these confusions, which
provide more evidence and reference for the precise treatment
of TNBC.

There are several limitations of this study. First, the
chemotherapy regimen in this trial was not the only fixed
regimen. Although epirubicin and cyclophosphamide (EC)
followed by paclitaxel (EC-P) was the principal chemotherapy
regimen (> 45% of the total cases) in the present study, which is
recommended in the National Comprehensive Cancer Network
FIGURE 3 | Overall Survival.
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guidelines (ECOG 1199) (20), there were also other
chemotherapy regimens, such as CEF-T and AC-T
(Supplementary Table 2). Second, the sample size of the
current study was still relatively small, and the follow-up time
was not long enough. Stratifying patients is difficult, especially in
OS analysis. Third, due to the high heterogeneity of TNBC, it can
be further subdivided into multiple subtypes (21–23). The
present study did not perform a TNBC subtype analysis, and
additional trials should be carried out to follow the TNBC
subtypes. Identifying TNBC patients who may benefit from
immunotherapy in advance, and then realizing precise
immunotherapy, will be the key to improving the prognosis of
TNBC patients. Based on the new TNBC classification, our
recent FUTURE trial found that advanced immunomodulatory
TNBC patients responded well to immunotherapy (combination
regimen consisting of famitinib, camrelizumab, and nab-
paclitaxel) and achieved the best objective response rate (ORR)
(24). Finally, the patients who participated in this study were
early-stage and operable TNBC patients. Whether the advantage
of SYF is applicable to patients with advanced-stage TNBC still
needs to be determined by further clinical trials.
CONCLUSIONS

In summary, the present RDBPC trial found that compared with
conventional chemotherapy regimens, the traditional Chinese
medicine SYF plus conventional chemotherapy regimens may be
an alternative adjuvant chemotherapy strategy for women with
operable TNBC. However, high-level evidence still needs to be
collected and examined before traditional Chinese medicine SYF
plus chemotherapy regimens can be made the new standard of care.
Frontiers in Oncology | www.frontiersin.org 9125
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Breast cancer is the most common non-cutaneous cancer affecting women worldwide
and is a major cause of cancer-related morbidity and mortality in females. While many
women are diagnosed with early-stage disease, a subset of women may present with
isolated cutaneous metastases or recurrent locoregional cutaneous metastatic disease.
There is a paucity of evidence for effective treatments for cutaneous breast cancer
metastases. Herein, we present a case of hormone receptor negative, HER2 positive
cutaneous breast cancer metastasis treated with intralesional IL-2 and topical imiquimod,
which was well tolerated with only minor low grade side effects. We also present a brief
literature review of immunotherapy for cutaneous breast cancer metastasis to frame the
discussion around using minimally invasive local therapies for this disease. Together, this
limited data suggests that intralesional IL-2 and imiquimod may be considered as a safe
option when treating a patient with cutaneous breast cancer metastases.

Keywords: cutaneous breast cancer, intralesional, interleukin-2 (IL-2), IL2, imiquimod, intralesional immunotherapy,
intratumoral, cutaneous breast cancer metastasis
INTRODUCTION

Breast cancer is the most common non-cutaneous cancer affecting women worldwide.
Approximately 5% of patients present with de novo stage IV disease (1), with the most common
sites of distant metastasis being bone, lung, and liver (2). Although cutaneous breast cancer
metastases are rare (3), 69% of skin metastases among females with cancer are from a primary breast
malignancy (4). While a minority of patients present with isolated cutaneous metastasis, most
commonly they occur in the setting of distant metastatic disease. Currently, there is no well-defined
treatment algorithm for cutaneous metastatic breast cancer.

Intralesional interleukin-2 (IL-2) injections have been used successfully to treat cutaneous
metastases in other cancers, including melanoma (5) and porocarcinoma (6). However, the use of
May 2022 | Volume 12 | Article 8770141127
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IL-2 in the treatment of breast cancer is not well-described, with a
single case study published in 2021 reporting a pathologic
complete response after intralesional IL-2 injections in a patient
with triple-negative breast cutaneous cancer metastasis (7). Few
others have had some success in treating cutaneous metastatic
breast cancer with imiquimod, a topical Toll-like receptor 7
(TLR7) agonist (8–10). Herein, we describe the treatment of a
patient with ER-/PR- HER2+ cutaneous metastatic breast cancer
using intralesional IL-2 and topical imiquimod to generate a
durable complete clinical response.
CASE DESCRIPTION

A Case of ER-/PR- HER2+ Cutaneous
Metastatic Breast Cancer
Our patient, a now 81-year-old female, was diagnosed with ER-/
PR- HER2+ left-sided breast cancer at the age of 54 (1994). She
was initially treated with 6 cycles of neoadjuvant 5-fluorouracil,
doxorubicin, cyclophosphamide (FAC), followed by
lumpectomy, and adjuvant radiotherapy. Five years later, in
1999, she presented with a locoregional recurrence to the left
chest wall and axilla, treated with a mastectomy, axillary
dissection and adjuvant docetaxel, which was switched to 5-
fluorouracil/folinic acid (FUFA) after two cycles due to disease
progression. After a period of relative stability, at the age of 67
(2007), she was treated for a left chest wall recurrence with
capecitabine and trastuzumab for a total of five years (2007-
2012). Trastuzumab was discontinued within the first year of
treatment (2007), due to cardiac toxicity. After experiencing
stable disease for a period of five years, in 2012 surveillance
computed tomography (CT) detected radiographic evidence of
soft tissue metastases in the left chest wall, as well as axillary
lymphadenopathy. Given the paucity of treatment options at that
time, she was switched to vinorelbine. After one year of therapy,
surveillance imaging demonstrated disease progression, and her
regimen was then changed to paclitaxel with palliative intent.
Additionally, she was treated with left upper chest wall
radiotherapy. At the time, a repeat multigated acquisition
(MUGA) scan revealed an ejection fraction (EF) of 65%; thus,
the decision was made to start T-DM1. She remained on T-DM1
for only approximately 6 months, as it was ultimately stopped
due to a significant decrease in EF. Additionally, she re-
demonstrated disease progression with further development of
contralateral (right) axillary lymphadenopathy that was treated
with palliative radiotherapy to good effect. At this point, all
systemic chemotherapeutic treatments were discontinued, and
from 2015 to 2020 she was solely on zoledronic acid. She
experienced a five-year period of relatively stable disease, with
no further development of metastases on imaging.

After five years of stable disease, at the age of 79, she developed
cutaneous lesions over the left chest wall. Excisional biopsy
demonstrated viable adenocarcinoma consistent with her previous
ER-/PR- HER2+ metastatic breast cancer (Supplementary
Figure 1), with a prominent chronic inflammatory infiltrate
composed of lymphocytes and histiocytes (Figure 1A). Staging
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CT did not reveal any distant metastatic disease, and a positron
emission tomography-computed tomography (PET-CT) scan
demonstrated a solitary 12mm PET avid lesion on the left
pectoral muscle, consistent with her physical exam findings
(Figures 1B, C). Her case was reviewed by a multidisciplinary
team, and it was decided to proceed with intralesional IL-
2 treatment.

Over the course of the next 14 weeks, she was treated with
intralesional IL-2 every two weeks for a total of 7 treatments
(Figure 2). Each treatment consisting of IL-2 contains 8 million
international units (IU) per dose. At her third IL-2 treatment,
physical exam revealed the chest wall nodule was now slightly
more prominent, suggesting partial response to IL-2: thus,
imiquimod cream was added to the biweekly IL-2 injections
with the aim to promote and maintain a stronger anti-tumor
immune response. Imiquimod is a TLR7 agonist and
immunoadjuvant that has been used successfully for the
treatment of in-transit melanoma and squamous cell
carcinoma (11), and with which we have also had some
success in treating primary cutaneous malignancies. It is dosed
as daily topical application to the affected area for a total of five
days, starting on the day of IL-2 injection. Our patient remained
on biweekly IL-2 and imiquimod until the end of 14 weeks
(Figure 2). Both treatments were very well tolerated, with side
effects limited to grade 1/2 self-limiting fever, local injection site
erythema, and fatigue all lasting less than 48 hours.

At the 14-week timepoint, a cutaneous chest wall punch
biopsy was performed that revealed only a lymphocytic
lichenoid infiltrate with vacuolar ulceration, and no evidence
of metastatic or recurrent disease (Figure 3A). At the three-
month follow-up, her physical exam revealed no evidence of
cutaneous recurrence, however a palpable nodule was noted in
the left flank. A CT scan revealed it was 10mm in size, and a fine-
needle aspirate (FNA) demonstrated presence of scant
adenocarcinoma cells in the specimen. She was treated with
three intralesional IL-2 treatments, again dosed every two weeks.
By then, the nodule had clinically completely resolved
(Figure 3B), and her final PET-CT scan two weeks after the
last injection revealed complete resolution of the left chest wall
lesion and left flank (Figure 3C). At last follow-up, 24 weeks after
completing therapy, she remained disease-free with no clinically
evident lesions.
DISCUSSION

Herein, we present a case of ER-/PR- HER2+ cutaneous
metastatic breast cancer treated successfully using a local
immunotherapy. Our patient underwent ten intralesional IL-2
treatments biweekly, and five topical imiquimod treatments for a
five-day course starting on the third cycle of IL-2 treatments and
continuing for five cycles, for a total of 32 weeks of treatment.
Both therapies were tolerated very well with minor grade 1/2
adverse events. By the last follow-up 24 weeks after the last cycle
of treatment, she had no clinical or radiological evidence
of disease. This represents for the first time, to our knowledge,
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the treatment of cutaneous breast cancer metastasis with
intralesional IL-2 and topical imiquimod immunotherapy.

In the last decade, there has been interest in the use of
immunotherapies to treat cancer. Numerous immunotherapeutic
agents have been trialed in many different cancers, such as
chimeric antigen receptor T cell (CAR-T cell) therapies,
immune checkpoint inhibitors, oncolytic viruses, and tumor
vaccines. Immunotherapy in breast cancer is also an actively
Frontiers in Oncology | www.frontiersin.org 3129
evolving field, illustrated by the recent FDA approval of
pembrolizumab (a PD-1 inhibitor) (12) to be used as both a
neoadjuvant therapy in combination with chemotherapy, or as
adjuvant treatment alone for high-risk early stage triple-negative
breast cancer (TNBC).

A significant challenge in the development and prospect
of immunotherapy being used in breast cancer is the notion
that compared to other cancers like melanoma or non-small cell
FIGURE 2 | Treatment timeline for intralesional IL-2 injections and topical imiquimod. The patient was initially treated with IL-2 monotherapy, but showed only a
partial response, after which imiquimod was added. The initial histology and PET-CT (Figure 1) were collected at week 2, the first treatment. Following 12 weeks of
clinical stability with no evidence of disease, an FNA positive for adenocarcinoma led to three more IL-2 treatments, which lead to a complete clinical and radiological
response (Figure 3).
A

B C

FIGURE 1 | Initial presentation of an 81-year-old female with cutaneous breast cancer metastasis. (A) Histological H&E-stained image of cutaneous breast cancer
metastasis, under 100X magnification (left) and higher power view, 200X magnification (right) of the metastatic adenocarcinoma, highlighted with arrows. This biopsy
was obtained approximately at the first treatment timepoint. (B) PET-CT, obtained at the first treatment timepoint, revealing PET-avid uptake overlying the left
pectoral muscle, highlighted with red arrow. (C) Image of the lesion pre-treatment.
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lung cancer, breast cancer is predominantly immunologically
quiescent (13). There are several steps required for the
generation of anti-tumor immune responses, including
adequate T cell trafficking into tumors, immunogenic cell
death with neoantigen generation, and adequate neoantigen
presentation. All or some are required to generate robust and
potentially systemic anti-tumor immunity (14). Certainly, breast
carcinomas that have a high mutational burden lend to having
higher response rates and progression-free survival following
immunotherapy. This is thought to be due to improved
neoantigen stimulation of the immune system (15).

Within the landscape of breast cancer, there is evidence that
ER-/PR- HER2+ tumors (i.e. the biomarker profile of our
patient’s disease) have higher mutational burden than
hormone receptor positive tumors (16, 17), which is consistent
with the observed clinical trial data leading to approval of
pembrolizumab. In addition, approximately only 11% of breast
cancers have a lymphocyte-predominant phenotype (greater
than 50% tumor infiltrating lymphocytes, TILs) (18). HER2+

and TNBC tumors have the highest proportion of a lymphocyte-
predominant phenotype (18). Clinically, patients with HER2+

cancers with higher percentages of TILs have a higher percentage
of pathological complete responses following neoadjuvant
trastuzumab and lapatinib, compared to HER2- patients (19).
Our patient had histopathology suggestive of a significant
Frontiers in Oncology | www.frontiersin.org 4130
inflammatory infiltrate, which may have aided in the
generation of a complete response.

There is a paucity of data examining the immune
microenvironment of cutaneous breast cancer metastases.
However, other primary cutaneous malignancies, such as
melanoma and cutaneous squamous cell carcinoma (cSCC) are
regularly treated with local and/or intralesional immunotherapies
(5). For cutaneous metastatic breast cancer, some intralesional
therapies have been attempted in the past to varying success.
Intralesional interferon alpha (IFNa) and interferon gamma
(IFNg) achieved between a 43-71% lesional complete response
rate, with evidence of anti-tumor immune responses in
noninjected lesions (20). On the other end of the spectrum,
intralesional injection of adenoviral vectors encoding IL-2 was
not able to generate any conventional clinical responses (21).
Similarly, a recent preclinical trial using c-Met-targeted CAR-T
cells injected intralesionally in patients with cutaneous breast
cancer metastases did not generate any clinical responses (22). Of
note, a recent phase II trial using topical imiquimodmonotherapy
for cutaneous breast cancer metastases achieved a 20% partial
response rate, also revealing that the cytokine response in the
tumor microenvironment was enriched with activated CD8+ and
CD4+ T cells, with increased local anti-tumor cytokine expression
(23). Similarly, another recent phase II trial using systemic
paclitaxel combined with topical imiquimod for cutaneous
A

B C

FIGURE 3 | Resolution of cutaneous metastasis following intralesional IL-2 and topical imiquimod. (A) Punch biopsy of injected site at the 14-week timepoint, 100X
magnification (left) and representative section, 200X magnification (right) showing no evidence of adenocarcinoma, with chronic immune infiltrates. (B) Image of lesion
post-treatment, showing complete clinical response. (C) Post-treatment PET-CT (2 weeks after the final treatment; week 34) revealing no evidence of PET-avid
lesions overlying the left pectoral muscle.
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metastatic breast cancer generated a 36% complete response rate
and 72% overall response rate (10). Other, smaller case studies
have reported similar favorable findings using imiquimod with
some patients experiencing complete responses (24). Together,
this data illustrates imiquimod may have a favorable use in this
setting. Intralesional IL-2, on the other hand, has not widely been
used in cutaneous metastatic breast cancer, outside of a recent
case report in 2021 (7). Certainly, in our patient, intralesional IL-2
monotherapy was able to generate a partial response initially. It
was not until the addition of imiquimod that our patient
experienced a complete response, which was then bolstered
with additional IL-2 injections to a durable complete response.

Certainly, the use of both drugs led to a synergistic response
in our patient. While the exact mechanism of action of these two
drugs in this context has not been extensively studied, we
hypothesize that the IL-2 likely provided a short-lived pulse of
T cell-mediated anti-tumor immune activity, and the addition of
imiquimod synergized the response further by acting as a strong
local immune activator via TLR7 stimulation. Together, the two
drugs were able to overcome immune quiescence through active
stimulation of both arms of the immune system. In doing so, a
robust anti-tumor immunity was mounted which led to
tumor clearance.

In conclusion, our case has demonstrated the successful
treatment of HER2+ cutaneous breast metastases with
intralesional IL-2 and imiquimod. At present, our patient has
tolerated 32 total weeks of treatment with minimal side effects
and has no clinical or radiographic evidence of disease
recurrence 24 weeks after her last treatment. These results
suggest that intralesional IL-2 and topical imiquimod may be a
durable treatment option among patients with cutaneous
metastasis from breast cancers. While our patient experienced
very minimal side effects, further study into safety profile of these
drugs, especially in combination, is required. In addition, a
potential drawback of this approach for both practitioners and
patients are the frequency and duration of treatments. As this is a
study of only a single case, further research to fully investigate
this approach is required.
Frontiers in Oncology | www.frontiersin.org 5131
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Breast Cancer
Shuai Li , Jiayi Wu, Ou Huang, Jianrong He, Weiguo Chen, Yafen Li ,
Xiaosong Chen* and Kunwei Shen*

Department of General Surgery, Comprehensive Breast Health Center, Ruijin Hospital, Shanghai Jiao Tong University School
of Medicine, Shanghai, China

Purpose: This study aimed to evaluate the rates of estrogen receptor (ER), progesterone
receptor (PR), human epidermal growth factor receptor 2 (HER2), and Ki67 heterogeneity
in multifocal or multicentric breast cancer (MMBC) and its association with treatment
pattern and disease outcomes.

Methods: MMBC patients with ER, PR, HER2, and Ki67 results for each tumor focus
were retrospectively analyzed using Kappa test and categorized into the homogeneous
group (Homo group) and the heterogeneous group (Hetero group). Chi-square tests were
performed to compare the clinical features and treatment options between the groups.
Disease-free survival (DFS) and overall survival (OS) rates were estimated from Kaplan–
Meier curves and compared between two groups.

Results: A total of 387 patients were included, and 93 (24.0%) were classified into the
Hetero group. Adjuvant endocrine therapy was more frequently assigned for patients in
the Hetero group than in the Homo group (84.9% vs. 71.7%, p = 0.046). There was no
difference in terms of adjuvant anti-HER2 therapy (28.3% vs. 19.6%, p = 0.196) and
chemotherapy (69.9% vs. 69.8%, p = 0.987) usage between the two groups. At a median
follow-up of 36 months, DFS rates were 81.2% for the Hetero group and 96.5% for the
Homo group (p = 0.041; adjusted HR, 2.95; 95% CI, 1.04–8.37). The estimated 3-year
OS rates for the groups were 95.8% and 99.5%, respectively (p = 0.059; adjusted HR,
5.36; 95% CI, 0.97–29.69).

Conclusion: Heterogeneity of ER, PR, HER2, or Ki67 was present in 24.0% patients with
MMBC. Biomarkers heterogeneity influenced adjuvant endocrine therapy usage and was
associated with worse disease outcomes, indicating further clinical evaluation.
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INTRODUCTION

Breast cancer is a heterogeneous group of diseases in which
individual patient differs in morphological features, molecular
profiles, therapeutic responses, and prognosis (1). Morphological
variability such as pathological type and histological grade has
been well documented for decades and forms the basis for
histological classification of breast cancer. More recently,
different molecular phenotypes of breast cancer have been
defined by genetic or immunohistochemistry testing. For
example, the well-defined 2013 St Gallen subtypes of breast
cancer were based on the expressions of estrogen (ER) and
progesterone (PR) receptors, human epidermal growth factor
receptor 2 (HER2), and Ki67 proliferative index, which provide
prognostic information and can be used to tailor systemic
adjuvant therapy (2).

The molecular heterogeneity can occur either between different
tumors within the same patient (intertumoral heterogeneity) or
within the same tumor (intratumoral heterogeneity) (1).
Heterogeneous expressions of ER, PR, HER2, and Ki67 have been
widely reported between core needle biopsy and surgical samples,
between different regions of a primary tumor, between a primary
tumor and a matched metastatic lesion, or between metastatic
lesions (3–9). Beyond spatial heterogeneity, heterogeneity can be
observed as the natural evolution of a tumor or as consequences of
anticancer treatments (10–12).

Multifocal/multicentric breast cancer (MMBC) has become
more frequently diagnosed with the popular breast cancer
screening program and the advancement of imaging methods
(13, 14). In a previous study that evaluated the heterogeneity of
ER, PR, HER2, and Ki67 between different foci in MMBC, the
heterogeneity of these molecular markers was present in 4.4%,
15.9%, 9.7%, and 15.0% cases (13). MMBC with biomarkers
heterogeneity represents a situation in breast cancer treatment
where there are few guidelines to direct care. However, there are
few studies investigating the therapeutic and prognostic impact of
such heterogeneity. Herein, we performed this retrospective study
to evaluate the rates of ER, PR, HER2, and Ki67 heterogeneity in
patients withMMBC and its impacts on systemic adjuvant therapy
decision-making and disease outcomes.
METHODS

Study Population
Patients who received surgery and were diagnosed with multifocal
or multicentric breast cancer at Department of General Surgery,
Comprehensive Breast Health Center, Ruijin Hospital, Shanghai
Jiao Tong University School of Medicine from January 2009 to
December 2018 were retrospectively analyzed. Clinicopathological
characteristics, adjuvant treatment, and follow-up data were
retrieved from Shanghai Jiao Tong University Breast Cancer
Database (SJTU-BCDB). The eligibility criteria were as follows:
(1) at least one invasive tumor focus; (2) no distant metastasis at
diagnosis; and (3) ER, PR, HER2, and Ki67 both tested between
different tumor foci. Those who received neo-adjuvant therapy and
those with only in situ tumor foci were excluded from the present
Frontiers in Oncology | www.frontiersin.org 2134
study. Patients who did not have all samples tested for biomarkers
were also exploratorily evaluated for disease outcomes.

Histopathology Assessments
Histopathology analysis for different tumor foci on surgical
specimens were independently performed and reviewed by two
pathologists at the Department of Pathology, Ruijin Hospital,
Shanghai Jiao Tong University School of Medicine (15, 16). In
this study, multifocality was defined as the presence of more than
one focus of carcinoma in one breast quadrant (MFBC), and
multicentricity was defined as the presence of a focus in a
different breast quadrant from the main lesion (MCBC) (13).
Immunohistochemistry (IHC) of ER, PR, Ki67, and HER2 were
performed on 4-µm slices of formalin-fixed paraffin-embedded
(FFPE) specimens with primary antibodies against ER (SP1,
1:100, Dako, Denmark), PR (PgR 636, 1:100, Dako, Denmark),
HER2 (4B5, Roche, Switzerland), Ki67 (MIB-1, 1:100, Dako,
Denmark) by Ventana autostain system, BenchMark XT as
previously described (15). In brief, the tissue sections were
incubated with primary antibody of ER, PR, and Ki67 for 32 min
at 42°C and of HER2 for 16 min at 42°C, which were then
counterstained with hematoxylin. ER/PR was considered positive
if there were ≥1% of the tumor cells with nuclear staining (16).
HER2 was scored as 0 to 3+ by IHC, and those with IHC 2+ were
further examined with fluorescence in situ hybridization (FISH)
according to theASCO/CAPguidelines,whereHER2positivitywas
defined as either IHC 3+ or IHC 2+ with FISH amplification (17–
19). The Ki67 index was scored as the percentage of positively
nuclear staining cells among at least 500–2,000 uniformly
distributed cells or 2,000 cells from the hotspot and negative areas
(20). Molecular subtypes were determined based on 2013 St Gallen
system: luminal A-like (ER+/PR ≥ 20%/HER2-/Ki67 < 20%),
luminal B-like (HER2−) (ER+/HER2−/Ki67 ≥ 20% or ER+/PR <
20%/HER2orER−/PR+/HER2−), luminal B-like (HER2+) (ER+or
PR+/HER2+), HER2+ (ER−/PR−/HER2+), and triple negative (ER
−/PR−/HER2−) (2). Patients with concordant status of ER, PR,
HER2, and Ki67 among all tumor foci were categorized into the
homogeneous group (Homo group), while the heterogeneous
group (Hetero group) was defined as the existence of at least one
discordance for ER, PR, HER2, or Ki67 between different foci. The
main focus referred to the largest tumor focus, and the other foci
were namedminor foci. Distance between themain andminor foci
was assessed on pathological specimens, which was defined as the
shortest distance between the edges of two tumor foci.

Treatment and Follow-Up
Adjuvant treatment decisions were made throughmultidisciplinary
team (MDT) meetings attended by surgical oncologists, medical
oncologists, radiation oncologists, and pathologists (21). Decision
was tailored according to the tumor biological features, stage at
diagnosis, patient medical complications, and preferences. The
patients were followed up every 3 months during the first 2 years
after surgery, every 6 months from the third to the fifth year and
once per year hereafter till death. DFS was defined as the period
from the date of surgery to first local-regional relapse, contralateral
breast cancer, secondary new malignant tumor, distant relapse, or
death. OS was calculated from the date of surgery to the date of
June 2022 | Volume 12 | Article 833093
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death. For patients who were free from DFS/OS events at the time
of last follow-up, DFS/OS were calculated as the period from the
date of surgery to the date of last follow-up.

Statistics
Kappa tests were performed to evaluate the concordance rates of
pathological type, histological grade, ER, PR, HER2, Ki67, and
molecular subtype between the larger tumor focus and the
smaller focus. For tumors with three or four foci, the results
were considered concordant only when the biomarkers status of
all tumor foci were concordant. The clinical features and
adjuvant therapy options were compared between the Homo
group and the Hetero group using chi-square test or Fisher’s
exact test. DFS and OS rates were estimated from Kaplan–Meier
curves and compared between the two groups via log-rank test.
Cox proportional hazard model was used to calculate the hazard
ratios for relapse and death. Clinical features and disease
outcomes were also compared between MFBC and MCBC.
Two-side p < 0.05 was considered statistically significant. All
the statistical procedures were performed on SPSS (version 26.0).
RESULTS

Baseline Clinicopathological Characteristics
There were 8,210 stage II–III breast cancer patients who received
surgery from January 2009 to December 2018 at Ruijin Hospital,
among which 584 (7.11%) women were diagnosed with
Frontiers in Oncology | www.frontiersin.org 3135
multifocal or multicentric breast cancers and 387 were
included in the study (Figure 1). There were 52, 76, and 69
cases who were excluded from the study, as they had in situ foci
only, received neo-adjuvant therapy, or lacked molecular
markers data, respectively. Physical examination, sonography,
mammography, and MRI identified 16.9%, 66.8%, 33.4%, and
77.2% of these patients, respectively (Supplementary Figure S1).
As shown in the Supplementary Figure S2, the median distance
between the main and minor foci was 12.6 [interquartile range
(IQR), 7.2–20.0] mm, which showed no significant difference
between the two groups (12.4 mm vs. 15.0 mm, p = 0.082).

The demographic and clinicopathological characteristics for
the cohort are summarized in Table 1. The median age for the
patients was 55 (IQR, 46–64) years, and 41.5% patients were pre/
peri-menopausal at diagnosis. Patients with two foci accounted
for 91.5% and 65.4% had multifocal diseases. Comparisons of
MCBC and MFBC are summarized in Supplementary Table S1.
Thirty-four (8.8%) patients received breast-conserving surgery,
and sentinel lymph node biopsy was performed in 115 (31.3%)
patients. There were 151 (39.0%) patients whose main tumor foci
were larger than 2.0 cm, and 144 (37.2%) patients had positive
axillary lymph nodes (ALN). A total of 77 (19.9%) and 140
(36.2%) were diagnosed with non-IDC in the main and minor
tumor foci, respectively (Supplementary Figure S3). Luminal
A-like, luminal B-like (HER2-), luminal B-like (HER2+), HER2
+, and triple negative breast cancers were present in 117 (30.2%),
135 (34.9%), 50 (12.9%), 47 (12.1%), and 38 (9.9%) patients,
respectively. There were significant differences in terms of
FIGURE 1 | Flow chart of 387 patients in the study.
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pathological type of the minor tumor focus (p < 0.001) and
molecular subtype of the main tumor focus (p < 0.001) between
the Hetero group and the Homo group.

Rates of Molecular Markers Heterogeneity
As shown in Table 2, concordance rates of ER, PR, HER2, and
Ki67 among different tumor foci were 94.3%, 90.7%, 93.3%, and
87.1%, respectively (all p values <0.001). Among the whole
cohort, a total of 93 (24.0%) patients showed intertumoral
heterogeneity of molecular markers, and the remaining 294
(76.0%) were homogeneous. There were 60 (23.7%) patients
with MFBC and 33 (24.0%) with MCBC who were classified to
the Hetero group (p = 0.842, Supplementary Tables S1–3).

The molecular subtypes were identical within the same
patient in 310 (80.1%) of the 387 cases using the 2013 St
Gallen standard, with 104 luminal A-like tumors, 93 luminal
Frontiers in Oncology | www.frontiersin.org 4136
B-like (HER2−) tumors, 42 luminal B-like (HER2+) tumors, 39
HER2-enriched tumors, and 32 triple negative breast cancers
(Table 3). Molecular subtypes differed among different tumor
foci in 77 (19.9%) patients, including 46 (18.2%) and 31 (23.1%)
with MFBC and MCBC, respectively (p = 0.336, Supplementary
Tables S1, 4, 5).

Heterogeneity of Molecular Markers and
Adjuvant Therapy
There were 150 patients with recorded MDT-recommended
adjuvant therapies, and the compliance was 95.3%, 96.0%, and
97.3% to chemotherapy, endocrine therapy, and anti-HER2
therapy, respectively. A total of 45 (84.9%) out of 330 patients
with at least two invasive tumor foci in the Hetero group received
adjuvant endocrine therapy, which was significantly higher than
that of patients in the Homo group (71.7%, p = 0.046,
TABLE 1 | Baseline clinical and pathological characteristics.

Characteristics Total
N = 387 (%)

Homo
N = 294 (%)

Hetero
N = 93 (%)

p-value

Age (y/o) 55 (46–64) 55 (46–64) 55 (47–65) 0.619
Menstrual status 0.538
Pre/Peri- 160 (41.5) 124 (42.3) 36 (38.7)
Post- 226 (58.5) 169 (57.7) 57 (51.3)

Number of foci 0.378
2 354 (91.5) 271 (92.2) 83 (89.2)
3/4 33 (8.5) 23 (7.8) 10 (10.8)

Location of foci 0.842
Multifocal 253 (65.4) 193 (65.6) 60 (64.5)
Multicentric 134 (34.6) 101 (34.4) 33 (35.5)

Breast surgery 0.727
BCS 34 (8.8) 25 (8.5) 9 (9.7)
Mastectomy 353 (91.2) 269 (91.5) 84 (90.3)

Axillary surgery 0.733
SLNB 115 (31.3) 89 (30.9) 26 (32.9)
ALND 252 (68.7) 199 (69.1) 53 (67.1)

Pathological typea 0.656
IDC 310 (80.1) 237 (80.6) 73 (78.5)
Non-IDC 77 (19.9) 57 (19.4) 20 (21.5)

Pathological typeb <0.001
IDC 247 (63.8) 211 (71.8) 36 (38.7)
Non-IDC 140 (36.2) 83 (28.2) 57 (61.3)

Tumor sizea 0.754
≤2.0 cm 236 (61.0) 178 (60.5) 58 (62.4)
>2.0 cm 151 (39.0) 116 (39.5) 35 (37.6)

ALN status 0.521
Negative 243 (62.8) 182 (61.9) 61 (65.5)
Positive 144 (37.2) 112 (38.1) 32 (34.4)

Histological gradea 0.739
I 24 (6.2) 20 (6.8) 4 (4.3)
II 183 (47.3) 141 (48.0) 42 (45.2)
III 96 (24.8) 71 (24.1) 25 (26.9)
NA 84 (21.7) 62 (21.1) 22 (23.6)

Molecular subtypea <0.001
LA 117 (30.2) 103 (35.0) 14 (15.1)
LB (HER2−) 135 (34.9) 87 (29.6) 48 (51.6)
LB (HER2+) 50 (12.9) 34 (11.6) 16 (17.2)
HER2+ 47 (12.1) 39 (13.3) 8 (8.6)
TNBC 38 (9.9) 31 (10.5) 7 (7.5)
June 2022 | Volume 12 | Article
aMain focus.
bMinor focus.
ALN, axillary lymph node; ALND, axillary lymph node dissection; BCS, breast-conserving surgery; HER2, human epidermal growth factor receptor 2; IDC, invasive ductal carcinoma; LA,
Luminal A-like; LB, Luminal B-like; NA, not available; SLNB, sentinel lymph node biopsy; TNBC, triple negative breast cancer; y/o, years old.
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Figure 2A). There were no significant differences in the usage
rates of adjuvant anti-HER2 therapy (28.3% vs. 19.6%, p = 0.196,
Figure 2B) and chemotherapy (69.9% vs. 69.8%, p = 0.987,
Figure 2C) between the two groups.

As shown in Figure 2D, endocrine therapy was more
frequently utilized among patients with HR heterogeneity than
HR-negative patients (75.0% vs. 0.0%, p < 0.001), while the rates
were comparable among patients with at least one HR+ tumor
foci (75.0% vs. 92.1%, p = 0.140). Similarly, HER2 heterogeneity
was associated with higher rate of anti-HER2 therapy compared
with HER2-negative patients (72.7% vs. 0.0%, p < 0.001), and
once again, no significant difference was observed among
patients with at least one HER2+ tumor focus (72.7% vs.
77.5%, p = 0.711, Figure 2E).

Heterogeneity of Molecular Markers and
Disease Outcomes
At a median follow-up of 35 (IQR, 19–57) months, 21 DFS events
and 5 deaths were recorded (Table 4). Patients in the Hetero
group had significantly worse DFS (81.2% vs. 96.5%, p = 0.041)
and comparable OS (95.8% vs. 99.5%, p = 0.059) than those in the
Homo group (Table 5 and Figure 3). After adjusting age, tumor
Frontiers in Oncology | www.frontiersin.org 5137
size, ALN status, molecular subtype, and systemic treatments in
multivariate models, patients in the Hetero group had significantly
worse DFS (adjustedHR, 2.95; 95% CI, 1.04–8.37) and comparable
OS (adjusted HR, 5.36; 95% CI, 0.97–29.69) than those in the
Homo group (Supplementary Table S1).
DISCUSSION

The study was designed to evaluate the rates of molecular
markers heterogeneity and its associations with systemic
adjuvant therapy and disease outcomes in MMBC. Molecular
markers showed good concordance among different tumor foci.
Heterogeneity of ER, PR, HER2, and Ki67 were present in 24.0%
MMBC, which was associated with more adjuvant endocrine
therapy usage (p = 0.046) and shorter DFS (p = 0.041), indicating
the necessity of molecular assessments for different tumor foci in
patients with MMBC.

There were some published literatures that reported the rates
of intertumoral biomarkers heterogeneity among different foci in
MMBC (13, 22–25). For example, Buggi and colleagues enrolled
113 invasive multiple breast cancers, and they reported
TABLE 2 | Concordance rates of pathological type, histological grade, ER, PR, HER2, and Ki67 status.

Main focus Minor focus Concordancerate (%) Kappa p-value

Pathological type IDC Non-IDC 78.0 0.473 <0.001
IDC 236 74
Non-IDC 11 66

Histological grade I II III 88.4 0.772 <0.001
I 15 3 0
II 3 139 5
III 1 16 59

ER Negative Positive 94.3 0.841 <0.001
Negative 79 8
Positive 14 286

PR Negative Positive 90.7 0.798 <0.001
Negative 121 18
Positive 18 230

HER2 Negative Positive 93.3 0.819 <0.001
Negative 279 11
Positive 15 82

Ki67 < 20% ≥ 20% 87.1 0.743 <0.001
< 20% 163 8
≥ 20% 42 174
June 202
2 | Volume 12 | Article
ER, estrogen receptor; HER2, human epidermal growth factor receptor 2; PR, progesterone receptor.
TABLE 3 | Concordance rates of molecular subtypesa.

Main focus Minor focus Concordance rate (%) Kappa p-value

LA LB (HER2−) LB (HER2+) HER2+ TNBC 80.1 0.830 <0.001

LA 104 6 1 3 3
LB (HER2−) 32 93 4 1 5
LB (HER2+) 4 4 42 0 0
HER2+ 0 0 2 39 6
TNBC 3 1 1 1 32
aThe cutoff value of Ki67 was 20% for differentiating luminal A-like and luminal B-like (HER2−).
HER2, human epidermal growth factor receptor 2; HR, hormone receptor; LA, luminal A-like; LB, luminal B-like; TNBC, triple negative breast cancer.
833093
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mismatches on ER, PR, HER2, and Ki67 in 4.4%, 15.9%, 9.7%,
and 15.0% cases (13). Similarly, the rate of ER, PR, HER2, and
Ki67 heterogeneity in our cohort was 5.7%, 9.3%, 6.7%, and
22.9%, respectively. Moreover, molecular subtypes differed in 77
(19.9%) patients as classified by 2013 St Gallen system,
comparable to the results of Pekar et al. (12.7%) (14). There
might be some causes of molecular heterogeneity. First,
heterogeneity of molecular markers was more frequent among
patients whose minor tumor focus was invasive carcinoma of
special type or carcinoma in situ in our study, making
pathological differences a potential explanation. This finding
will guide us to select patients for a second molecular
evaluation in the present clinical practice. However, there
Frontiers in Oncology | www.frontiersin.org 6138
would be other innate tumor properties beyond histopathology
but crucial to tumor tumorigenesis and evolution, which control
tumor heterogeneity. Recent studies have revealed that extensive
genetic diversity caused by genome instability and mutation will
affect key cancer pathways, eventually driving phenotypic
variation (10–12, 26). In light of this, intratumor heterogeneity
can lead to underestimation of the tumor genomics landscape
from pathology only and may present major challenges to
personalized medicine, which should be further evaluated by
emerging technologies such as next-generation and single-cell
sequencing (12). Moreover, non-mutational epigenetic
reprogramming and cellular plasticity can also contribute to
tumor heterogeneity (27, 28). Last but not the least, technical
A B

D E

C

FIGURE 2 | Adjuvant systemic therapy by molecular markers status among 330 patients with at least two invasive tumor foci. Adjuvant endocrine therapy (A), anti-HER2
therapy (B), and chemotherapy (C) by molecular markers status. (D) Adjuvant endocrine therapy by HR status. (E) Adjuvant anti-HER2 therapy by HER2 status.
TABLE 4 | Details of DFS and OS events by status of molecular markers among 330 patients with at least two invasive tumor foci.

Total
N = 330 (%)

Homo
N = 277 (%)

Hetero
N = 53 (%)

DFS events
No recurrence 309 (93.6) 261 (94.2) 48 (90.6)
Local-regional recurrence 5 (1.5) 4 (1.4) 1 (1.9)
Contralateral breast cancer 4 (1.2) 4 (1.4) 0 (0.0)
Second non-breast malignancy 2 (0.6) 1 (0.4) 1 (1.9)
Distant recurrence 8 (2.4) 6 (2.2) 2 (3.8)
Death without recurrence 2 (0.6) 1 (0.4) 1 (1.9)

OS events
Alive 323 (97.9) 272 (98.2) 51 (96.2)
Death of any cause 7 (2.1) 5 (1.8) 2 (3.9)

Death with recurrence 5 (1.5) 4 (1.4) 1 (1.9)
Death without recurrence 2 (0.6) 1 (0.4) 1 (1.9)
June 2022 | Volume 12 | Art
DFS, disease-free survival; OS, overall survival.
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issue and analytical artifact may also affect accuracy of molecular
evaluation, which could be avoided by standardization.

Accurate biomolecular analysis is of great significance to
make treatment options and to evaluate functional outcomes
and quality of life of breast cancer patients in the era of precise
medicine (2, 29–31). However, with limited knowledge on the
consequences of molecular heterogeneity for therapeutic
decision-making, it has been accepted that biomarkers can be
assessed only in the largest individual tumor focus (32). This is
based on the observations that molecular markers in MMBC are
usually homogeneous. However, if the tumor foci demonstrate
different pathological or histological features, biomarkers
evaluation of the smaller focus will be necessary. According to
Buggi et al., 14 out of the 113 (12.4%) patients received additional
systemic treatments with the biomarkers analysis for the smaller
tumor focus (13). In the present study, heterogeneity of
biomarkers was also found to be significantly associated with
the usage of adjuvant endocrine therapy among patients with at
least two invasive tumor foci. Additional biomarkers evaluation
of the other foci would potentially change the adjuvant treatment
Frontiers in Oncology | www.frontiersin.org 7139
decisions, especially for those whose main tumor focus lacked
HR or HER2. This would further impact breast cancer
patient’s survival.

To the best of the authors’ knowledge, this was the largest
study to evaluate the prognostic significance of intertumoral
biomarkers heterogeneity. Our cohort revealed that patients in
the Hetero group had clinically worse DFS and OS compared
those in the Homo group, although the differences were not
statistically significant. However, the results should be taken as
exploratory only and interpreted with caution, particularly given
the relatively small number of DFS and OS events and short
follow-up. Consistent with our results, Pekar et al. concluded
that patients with phenotypically heterogeneous MMBC had a
significantly shorter breast-cancer-specific survival (HR = 2.87;
95% CI, 1.08–7.64, p = 0.034) and OS (HR = 2.80; 95% CI,
1.05–7.44, p = 0.039) (14). The inferior disease outcomes in the
Hetero group were thought to be associated with the biology
behavior itself and possible undertreatment or low treatment
sensitivity. Taken together, these results suggested the necessity
of evaluating molecular markers for different tumor foci in
TABLE 5 | Univariate analysis of prognostic factors affecting DFS and OS among 330 patients with at least two invasive tumor foci.

Characteristics p-value

DFS OS

Age (<50 y/o vs. ≥50 y/o) 0.741 0.277
Menstrual status (Pre/Peri- vs. Post-) 0.966 0.969
Number of foci (2 vs. 3/4) 0.264 0.557
Location of foci (Multifocal vs. Multicentric) 0.571 0.703
Histology type (IDC vs. non-IDC) a 0.802 0.789
Tumor size (≤2.0 vs. >2.0 cm) a 0.786 0.292
ALN status (Negative vs. Positive) 0.572 0.841
Histological grade (I vs. II vs. III vs. NA)a 0.637 0.892
Molecular subtypea 0.309 0.460
Chemotherapy (No vs. Yes) 0.698 1.000
Endocrine therapy (No vs. Yes) 0.102 0.458
Anti-HER2 therapy (No vs. Yes) 0.379 0.352
Group (Homo vs. Hetero) 0.041 0.059
June 2022 | Volume 12 | Article 8
aMain focus.
ALN, axillary lymph node; IDC, invasive ductal carcinoma; DFS, disease-free survival; NA, not available; OS, overall survival; y/o, years old.
A B

FIGURE 3 | Kaplan–Meier curves of DFS and OS by molecular markers status among 330 patients with at least two invasive tumor foci. (A) The estimated 3-year
DFS rates for the Homo and Hetero groups were 96.5% and 81.2%, respectively (p = 0.041). (B) The estimated 3-year OS rates for the Homo and Hetero groups
were 99.5% and 95.8%, respectively (p = 0.059).
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patients with MMBC (33). However, we acknowledge that it is
not a routine to test all tumor foci in the present clinical practice.
Possibilities could be attributed to lack of evidence or economic
reasons. In addition, it is important to point out that patients
who have MMBC but do not have all foci tested may be more
likely to have homogeneous tumors, since the finding of MMBC
with discordant grades may prompt biomarker evaluation.
Therefore, it could be useful to evaluate the clinical features
and disease outcomes among patients who do not have all
samples tested for biomarkers. However, this was a small
group in our cohort, and only 3 out of 30 patients with
multiple diseases who lacked biomarkers data experienced DFS
events, indicating that a large cohort with more patients are
needed to validate this recommendation.

The present study enrolled both multifocal and multicentric
diseases, which were heterogeneous and could be further
differentiated into MFBC and MFBC. Patients with MCBC were
different to those with MFBC in terms of number of tumor foci,
tumor size, and molecular subtype (Supplementary Table S1).
However, the biomarker and subtype heterogeneity rates were
comparable between the two subgroups (Supplementary Table
S1–S5), while for DFS and OS, no significant differences were
observed between the two groups (Supplementary Figure S3). To
date, relatively few reports have directly compared the clinical–
pathological features, treatment patterns, and survivals of patients
with MFBC and MCBC, which warrant further research (34–36).

The incidence of MMBC increases with the advancement of
preoperative imaging, and intertumoral molecular heterogeneity has
attracted the attention of clinicians. For example, MRI can identify
74.6%, 54.2%, and 67.3% of MMBC that were not identified by
physical examination, sonography, or mammography, respectively
(Supplementary Figure S1). We performed the study for the first
time to evaluate the rates of biomarkers heterogeneity inMMBC and
its impacts on adjuvant therapy and survival. However, there were
several limitations in the present study. First, this was a single-
institutional retrospective study, so there might be selection bias
and limited applicability. Further validation in other cohorts will
provide us more insights to the therapeutic and prognostic role of
biomarkers heterogeneity. Second, the number ofDFS andOS events
was very small, and survival did not differ significantly between the
groups. Therefore, the evaluation of outcomes was exploratory and
hypothesis generating andwarranted larger study. Third, the present
Frontiers in Oncology | www.frontiersin.org 8140
study enrolled patients over a 9-year period from January 2009
through December 2018, which might exert an influence to
disease outcomes.

In conclusion, heterogeneity of ER, PR, HER2, or Ki67 was
present in 24.0% patients with MMBC. Biomarkers heterogeneity
was associated with more adjuvant endocrine therapy usage and
worse disease outcomes, indicating the necessity of molecular
assessments for different tumor foci in patients with MMBC.
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Objective: Axillary lymph node management is an important part of breast cancer surgery
and the accuracy of preoperative imaging evaluation can provide adequate information to
guide operation. Different molecular subtypes of breast cancer have distinct imaging
characteristics. This article was aimed to evaluate the predictive ability of imaging methods
in accessing the status of axillary lymph node in different molecular subtypes.

Methods: A total of 2,340 patients diagnosed with primary invasive breast cancer after
breast surgery from 2013 to 2018 in Jiangsu Breast Disease Center, the First Affiliated
Hospital with Nanjing Medical University were included in the study. We collected lymph
node assessment results from mammography, ultrasounds, and MRIs, performed
receiver operating characteristic (ROC) analysis, and calculated the sensitivity and
specificity of each test. The C-statistic among different imaging models were compared
in different molecular subtypes to access the predictive abilities of these imaging models in
evaluating the lymph node metastasis.

Results: In Her-2 + patients, the C-statistic of ultrasound was better than that of MRI
(0.6883 vs. 0.5935, p=0.0003). The combination of ultrasound and MRI did not raise the
predictability compared to ultrasound alone (p=0.492). In ER/PR+HER2- patients, the C-
statistic of ultrasound was similar with that of MRI (0.7489 vs. 0.7650, p=0.5619).
Ultrasound+MRI raised the prediction accuracy compared to ultrasound alone
(p=0.0001). In ER/PR-HER2- patients, the C-statistics of ultrasound was similar with
MRI (0.7432 vs. 0.7194, p=0.5579). Combining ultrasound and MRI showed no
improvement in the prediction accuracy compared to ultrasound alone (p=0.0532).

Conclusion: From a clinical perspective, for Her-2+ patients, ultrasound was the most
recommended examination to assess the status of axillary lymph node metastasis. For
ER/PR+HER2- patients, we suggested that the lymph node should be evaluated by
ultrasound plus MRI. For ER/PR-Her2- patients, ultrasound or MRI were both optional
examinations in lymph node assessment. Furthermore, more new technologies should be
explored, especially for Her2+ patients, to further raise the prediction accuracy of lymph
node assessment.

Keywords: breast cancer, molecular subtype, lymph node assessment, imaging examination, ROC (receiver
operating characteristic) analysis
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INTRODUCTION

The progression of breast cancer is characterized by metastasis
(1). The presence of regional lymph node metastasis in cancer
patients correlates with dissemination to distant organs and a
poorer prognosis (1). For breast cancer, modern strategies of
axillary lymph node management involve stepwise approaches
including fine needle aspiration or core needle biopsy, sentinel
lymph node biopsy (SLNB), and axillary lymph node dissection
(ALND). Based on preoperative imaging evaluation of axillary
lymph nodes, clinicians take corresponding measures.
Historically, ALND was regarded as the most accurate method
for assessing regional metastatic spread (2). However, associated
complications such as seroma, nerve injury, and lymphedema
would bring unnecessary pain for pathologically node-negative
patients (2, 3). Conversely, residual axillary disease would bring
regional recurrence and a poorer prognosis. Therefore, accurate
preoperative imaging evaluation of axillary lymph node status is
of great importance for precision treatment of breast
cancer patients.

Breast cancer is a highly heterogeneous disease. Based on gene
expression profiles, it is currently categorized into three distinct
molecular subtypes, including HER2 positive (Her2+), ER/PR
positive/HER2 negative (ER/PR+Her2-), and triple-negative
(ER/PR-Her2-) types (4). Molecular subtype classification of
breast cancer is a regular process for individualized cancer
management. Distinct molecular subtypes confer different
treatment programs and different clinical prognosis (5).
Moreover, some reports have indicated that characteristic
imaging manifestation was also correlated with the three
subtypes mentioned above. For instance, Wang et al. found
that compared to HER2-positive breast cancer, HER2-negative
breast cancer was more likely to have spiculated margins (6).
However, the influence of breast cancer subtypes on the
diagnostic performance of axillary imaging is unknown. This
raised the speculation that the accuracy of imaging assessment of
axillary lymph node metastasis might also be affected by the
molecular subtype of primary tumors.

Therefore, in order to determine whether the imaging
diagnostic performance of lymph nodes differ among various
subtypes of breast cancer, we conducted a retrospective matched
cohort study in 2,340 patients, with the goal to provide a more
reliable imaging evaluation of lymph node status for each breast
cancer subtype.
MATERIAL AND METHODS

Patient Population and Data Collection
Patients diagnosed with primary invasive breast cancer and
positive axillary lymph nodes after breast surgery between 2013
and 2018 in Jiangsu Breast Disease Center, the First Affiliated
Hospital with Nanjing Medical University were included in the
study. Exclusion criteria were as follows: male breast cancer,
patients without any imaging lymph node staging before surgery
[i.e., mammography, ultrasound, breast magnetic resonance
Frontiers in Oncology | www.frontiersin.org 2143
imaging (MRI)], and patients whose receptor status was
missing. Then, the controls were age- and molecular subtype-
matched to the cases, whose axillary lymph node were confirmed
negative by surgery. The selection procedure is summarized in
Figure S1. Data on patients, tumor characteristics, imaging, and
histopathological outcome of the axillary lymph nodes were
retrospectively collected. The study was approved by the Ethics
Committee of Nanjing Medical University.

Clinical Nodal Status
Pre-operative nodal status was assessed by mammography,
ultrasound, and MRI. The imaging results we adopted were
performed in all of our patients before local or systemic
treatment, including mass puncture biopsy. Mammography
were obtained by clinical full-field digital mammography unit,
which used molybdenum for target and filter (Selenia, Hologic,
USA) (7). Lymph nodes considered abnormal had a size>2cm,
increased density, rounded or irregular shape, spiculate margins
or the absence of fatty hilum (8) (Figure S2). Ultrasound was
performed using MyLab Twice (Esaote S.p.A., Genova, Italy)
Color Doppler with a 4-13MHz linear transducer (iU22; Philips
Medical Systems, Bothell, WA, USA) (8). A lymph node was
considered abnormal if the cortex was either focally or diffusely
thickened (> 3 mm thick) and the fatty hilum was deformed or
absent (Figure S3). MRI was conducted using a bilateral eight-
channel phased-array breast coil with a 3.0 T scanner
(MAGNETOM Trio, Siemens, Germany) to obtain images (9).
A positive lymph node was defined as: an irregular contour
compared with the contralateral axilla, a node measuring greater
than 1 cm, the thickened cortex was >3 mm or there was a loss of
fatty hilum (10) (Figure S4).

The axillary images via mammography, ultrasound, or MRI
was interpreted independently by one of five dedicated breast
radiologists with more than 5 years of experience in
breast imaging.

Axillary Lymph Node Management
Patients clinically diagnosed with negative nodes underwent
SLNB. The SLNB procedure was performed using both the
gamma probe to detect radioactivity and blue dye to detect
lymphatic vessels. If one or more sentinel lymph nodes were
confirmed with macro-metastasis, a completion ALND was then
performed. In clinically node positive patients an ALND was
performed directly.

Pathological Assessment of Axillary
Lymph Node
SLNB samples were assessed by immediate frozen section and
hematoxylin and eosin (H&E) staining. Then the lymph node
was subsequently submitted for permanent section and stained
with cytokeratin immunohistochemical (IHC), while all ALND
samples were embedded in paraffin as permanent section for
histological evaluation. Lymph nodes with isolated tumor cells
were also considered node-negative and no additional lymph
node surgery was performed. Meanwhile, for patients who
underwent surgery after neoadjuvant therapy, lymph node
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positivity was defined by the residual tumor cell, and lymph
nodes with evidence of treatment response but no tumor cells
were also defined as metastatic nodes in our research.

Pathological Type
Pathological type was determined based on American Society of
Clinical Oncology (ASCO)/College of American Pathologists
(CAP) guidelines. Receptor status was considered positive if
10% of cells were stained positive by IHC staining (11); HER2
positive status was defined as 3+. A value of 2+ for HER2
amplification was then confirmed by fluorescence in situ
hybridization (12). Three subtypes of breast cancer were finally
distinguished for analysis based on receptor status (1): HER2+,
(2) ER/PR+HER2-, (3) ER/PR-HER2- (13).

Statistical Analysis
To explore the potential predictive ability, we conducted receiver
operating characteristic (ROC) analysis and calculated sensitivity
and specificity. An analysis of variance (ANOVA) was used to
compare the C-statistic among different imaging models, including
mammography, ultrasound, MRI, and ultrasound+MRI models.
(Analyzing receiver operating characteristic curves using SAS: Cary,
NC: SAS Press 2007.)
RESULT

Demographics
A total of 2,340 patients were enrolled in this research And 1,170
lymph node positive patients were brought into experiment group,
while the other 1,170 lymph node negative patients were age- and
molecular subtype-matched into control groups. The baseline
characteristics showed that age, menopausal age, height, weight,
and the molecular subtype in the experiment group and control
group were basically balanced (Table 1). 53.7% of cases in the
experiment group and 53.6% of cases in the control group were
Her2+; 33.4% of cases in the experiment group and 33.9% of cases
in the control group were ER/PR+, Her2-; only 12.9% of cases in the
Frontiers in Oncology | www.frontiersin.org 3144
experiment group and 12.5% of cases in the control group were ER/
PR-, Her2-; 21.3% of patients in experiment group and only 4% of
cases in control group received neoadjuvant chemotherapy. In total,
the true positive rate of ultrasound in detecting lymph node
properties reached 62.9% and the false positive rate was 26.6%.
The true positive rate of mammography was only 22.2% and the
false positive rate was 11.7%. The true positive rate of MRI reached
67.9% while the false positive rate was 33.1%.

Differences in Axillary Lymph Node
Identification in Total Population by
Different Imaging Examinations
To assess the predictive ability for axillary lymph node of
mammography, ultrasound, and MRI, we calculated the
sensitivity, specificity, and C-statistic using receiver operating
characteristic (ROC) analysis. Mammography is a common
imaging exam used for breast cancer screening and nearly every
breast cancer patient would have one before surgery. The sensitivity
of mammography was only 0.22368 while the specificity was
0.88351 and the C-statistic was 0.5536 (Figure 1A). Ultrasound is
another common imaging examination in breast disease. The
sensitivity and specificity of ultrasound were 0.63071 and 0.73
respectively, and the C-statistic was 0.6810(Figure 1B). The third
imaging exam was MRI but it is not as commonly applied for breast
cancer patients. The ROCCurve forMRI is explicated in Figure 1C,
the sensitivity shows 0.68024, the specificity shows 0.67143 and the
C-statistic show 0.6758. In Figure 1D, we compared the C-statistic
of ultrasound, MRI, and ultrasound+MRI. It was found that
ultrasound + MRI had the largest C -statistics, while MRI alone
had the smallest. The C-statistic was statistically different for MRI
and ultrasound (p=0.0093), as well as for ultrasound+MRI and
ultrasound alone (p<0.0001).

Differences in Axillary Lymph Nodes
Identification in Her-2+ Patients by
Different Imaging Examinations
Breast cancer was divided into three types: Her2+, ER/PR
+Her2-, and ER/PR-Her2-. We next conducted ROC curve in
the Her2+ subtype to compare the predictive ability of
mammography, ultrasound, and MRI. Figure 2A shows that
the sensitivity of mammography was 0.2137, the specificity was
0.84444, and the C-statistic was 0.5291. Figure 2B shows that the
sensitivity of ultrasound was 0.62477, the specificity was 0.68641,
and the C-statistic was 0.6556. The ROC Curve for MRI is shown
in Figure 2C, the sensitivity was 0.64844, the specificity was
0.55882, and the C-statistic was 0.6036. In Figure 2D, we
compared the C-statistics of ultrasound, MRI, and ultrasound
+MRI. There was a statistical difference between MRI and
ultrasound (P=0.0003). However, no statistical difference was
found between ultrasound+MRI and ultrasound alone(p=0.492).

Differences in Axillary Lymph Nodes
Identification in ER/PR+Her2-Patients by
Different Imaging Examinations
The ROC curve was conducted in the ER/PR+Her2- subtype to
compare the predictive ability of mammography, ultrasound,
TABLE 1 | Baseline characteristics of study participants.

Case (n = 1170) Control (n = 1170)

Age* 51.3 (11.1) 51.4 (11.1)
Menopausal Age 46.7 (6.7) 47.3 (6.7)
Height 160.3 (4.6) 159.8 (4.6)
Weight 61.3 (9.0) 59.9 (8.8)
Menopause, % 50.5 51.6
Pathologic type
Her2+% 53.7 53.6
ER/PR+Her2- % 33.4 33.9
ER/PR-Her2-% 12.9 12.5

Neoadjuvant chemotherapy
(positive)%

21.3 4.0

Ultrasound (positive) % 62.9 26.6
Mammogram (positive) % 22.2 11.7
MRI (positive) % 67.9 33.1
Values are means (SD) for continuous variables; percentages for categorical variables, and
are standardized to the age distribution of the study population.
*Value is not age adjusted.
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and MRI in Figure 3. Figure 3A shows that the sensitivity of
mammography was 0.19005, the specificity was 0.93023, and the
C-statistic was 0.5601. Figure 3B shows that the sensitivity of
ultrasound was 0.59040, the specificity was 0.82143, and the C-
statistic was 0.7059. The ROC Curve for MRI is shown in
Figure 3C, and the sensitivity was 0.67879, the specificity was
0.84, and the C-statistic was 0.7604. In Figure 3D, we compared
the C-Statistics of ultrasound, MRI, and ultrasound+MRI.
Although no statistical difference was found between MRI and
ultrasound (p=0.5619), there was a statistical difference between
ultrasound+MRI and ultrasound alone (p=0.0001).

Differences in Axillary Lymph Nodes
Identification in ER/PR-Her2-Patients by
Different Imaging Examinations
In Figure 4, the ROC curve was conducted in the ER/PR-Her2-
subtype to compare the predictive ability of mammography,
ultrasound, and MRI. Figure 4A shows that the sensitivity and
Frontiers in Oncology | www.frontiersin.org 4145
specificity of mammography were 0.33673 and 0.93023,
respectively, and the C-statistic was 0.6335. Figure 4B shows
the ROC curve of the ultrasound and the sensitivity and
specificity were 0.76984 and 0.68276, respectively, and the C-
statistic was 0.7125. Figure 4C shows the sensitivity of MRI was
0.8, the specificity was 0.625, and the C-statistic was 0.7263. In
Figure 4D, we also compared the C-Statistics of ultrasound,
MRI, and ultrasound+MRI. However, there was no statistical
difference between MRI and ultrasound alone (p=0.5579) and
also no statistical difference between ultrasound+MRI and
ultrasound alone(p=0.0532).

Differences in Axillary Lymph Node
Identification in Different Molecular Types
by Specific Imaging Examination
The accuracy of each imaging examination in different molecular
subtypes was also compared. Mammography had the worst
predictive power in assessing axillary lymph node status in
B

C D

A

FIGURE 1 | ROC curve analysis for specific imaging examination in all molecular subtypes. The vertical axis is sensitivity, the horizontal axis is 1-specificity. AUC is a
parameter used to measure the value of imaging examination in the prediction of axillary lymph nodes. (A) ROC curve for mammogram. (B) ROC curve for
ultrasound. (C) ROC curve for MRI. (D) ROC curve for ultrasound+MRI.
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breast cancer of any molecular type, as shown in Figure 5. The
C-statistics were 0.5291, 0.5601, and 0.6335, respectively.
Figure 6 shows the accuracy of ultrasound, which was the best
in ER/PR-Her2- patients with the C-statistic of 0.7125. In ER/
PR+Her2- patients, the accuracy was next to that in ER/PR-
Her2- patients, with the C-statistic of 0.7059. In Her2+ patients,
accuracy was the worst, with the C-statistic of only 0.6556.
Figure 7 shows MRI had the best accuracy with a C-statistic of
0.7604 in ER/PR+Her2 -patients, while the worst accuracy was in
HER2+ patients with the C-statistic of 0.6036. MRI accuracy in
ER/PR-Her2- patients was moderate with the C-statistic
of 0.7203.
Frontiers in Oncology | www.frontiersin.org 5146
DISCUSSION

The progression of cancer is characterized by metastasis. As the
first organ to be involved during metastasis, the presence of
regional lymph node metastasis correlates with dissemination to
distant organs and a poorer prognosis (1, 14). Based on
preoperative imaging evaluation of axillary, clinicians would
choose fine needle aspiration, core needle biopsy, SLNB, or
ALND to treat potential local metastases. Historically, ALND
was regarded as the most accurate and radical method for
assessing and controlling regional metastatic spread (2).
However, excessive treatment would bring unnecessary pain
A B

C D

FIGURE 2 | ROC curve analysis for specific imaging examination in Her2+ subtype. The vertical axis is sensitivity, the horizontal axis is 1-specificity. AUC is a
parameter used to measure the value of imaging examination in the prediction of axillary lymph nodes. (A) ROC curve for mammogram. (B) ROC curve for
ultrasound. (C) ROC curve for MRI. (D) ROC curve for ultrasound+MRI.
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for pathologically node-negative patients, while residual lesions
would bring potential recurrent risk. Therefore, accurate
preoperative imaging evaluation of axillary lymph node
involvement is very important for precision treatment of breast
cancer patients.

The imaging methods we reviewed to assess the metastasis of
axillary lymph nodes included mammography, ultrasound, and
MRI. Mammography is the standard imaging modality for breast
cancer screening, especially for postmenopausal women whose
breast are almost entirely fatty (2, 15). However, our research
showed that mammography was not reliable for the evaluation of
lymph node metastasis (Figure 1A), This poor prediction may be
from extremely low sensitivity but high specificity, which was
Frontiers in Oncology | www.frontiersin.org 6147
consistent with the results from former studies (2). The low
sensitivity may be attributed to the limited spatial resolution and
the fact that the axillary area may not be fully visualized.
Nevertheless, the high specificity of mammography can help
raise the suspicion of malignancy detected by ultrasound or MRI.
Ultrasound is usually the preferred method for the assessment of
lymph node involvement in breast cancer patients (2, 16). It was
reported that the sensitivity of ultrasound had a wide range,
between 49% and 87%, and the specificity was between 55% and
97% (2). Our study reached a similar conclusion (Figure 1B). In
the identification of lymph node metastasis, the evaluation
standards include the size criteria as well as the morphologic
criteria. Moreover, the Color Doppler allows for the visualization
A B

C D

FIGURE 3 | ROC curve analysis for specific imaging examination in ER/PR+Her2-subtype. The vertical axis is sensitivity, the horizontal axis is 1-specificity. AUC is a
parameter used to measure the value of imaging examination in the prediction of axillary lymph nodes. (A) ROC curve for mammogram. (B) ROC curve for
ultrasound. (C) ROC curve for MRI. (D) ROC curve for ultrasound+MRI.
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of intranodal vascular pattern and the abnormal cortical blood
flow to help further increase the detection rates (17). MRI has a
minor role in the diagnosis of breast cancer and metastatic
lymph node in a clinical setting, mostly because of its high
price and time-consuming features (18, 19). According to the
literature, the pooled diagnostic sensitivity and specificity of MRI
to detect axillary lymph node metastasis in patients with breast
cancer were 75%-80% and 89%-91% respectively (19). As our
research suggests, the sensitivity and specificity of MRI in
detecting metastatic nodes were both weaker than ultrasound
(Figures 1B–D), mainly because the dedicated breast coils may
limit the complete visualization of the axilla. Moreover, the
Frontiers in Oncology | www.frontiersin.org 7148
pulsation artifact from heart may occasionally obscure the
images of lymph nodes (20).

Molecular subtype classification of breast cancer is a regular
process for individualized cancer management. Previous studies
have indicated that the molecular subtype was correlated with
characteristic imaging manifestation of the lump (21). Therefore,
we next explored whether the imaging diagnostic performance of
lymph nodes differ among different molecular subtypes of
breast cancer.

In Her2+ subtype, the C-statistics of mammography,
ultrasound, and MRI were 0.5291, 0.6556 and 0.6036,
respectively (Figures 2A–C). Clearly, ultrasound was the most
A B

C D

FIGURE 4 | ROC curve analysis for specific imaging examination in ER/PR-Her2- subtype. The vertical axis is sensitivity, the horizontal axis is 1-specificity. AUC is a
parameter used to measure the value of imaging examination in the prediction of axillary lymph nodes. (A) ROC curve for mammogram. (B) ROC curve for
ultrasound. (C) ROC curve for MRI. (D) ROC curve for ultrasound+MRI.
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precise examination for lymph node assessment. Moreover, no
statistical difference was found between ultrasound+MRI and
ultrasound alone for detecting metastatic lymph nodes (p=0.492,
Figure 2D). To sum up, ultrasound was the most recommended
examination in Her2+ patients and MRI was not strictly
necessary for the diagnosis lymph node involvement in HER2+
breast cancer.

In ER/PR+Her2- patients, the C-statistics of mammography,
ultrasound, and MRI were 0.5601, 0.7059, and 0.7604,
respectively (Figures 3A–C). Our study indicates that the
diagnostic effect of MRI and ultrasound were similar
(p=0.5619, Figure 3D), while ultrasound+MRI increased the
accuracy for lymph node assessment than ultrasound alone
(p=0.0001, Figure 3D). We recommend ultrasound+MRI in
Frontiers in Oncology | www.frontiersin.org 8149
ER/PR+Her2- patients for more accurate axillary assessment.
Currently, since there are harmful side-effects of axillary surgery,
minimizing, and even eliminating the axillary surgery is a clear
trend. Related clinical trials include BOOG 2013-08 trial (22),
SOUND trial (23),and INSEMA trial (24). According to the
literature, less than 4 involved nodes (1-3 macro-metastases) and
were considered to have little influence in breast cancer
mortality, in which condition and the risk of disease
progression depended mainly on the biological characteristic of
the primary tumor (24). Based on this, to positively decrease the
axillary side effect rates and improve the quality of life, the
axillary surgery should be considered mainly on the basis of
tumor traits rather than node involvement. As we know, the
prognosis of ER/PR+Her2- subtype is best among three subtypes
A B

C D

FIGURE 5 | ROC curve analysis for Mammogram in all molecular subtypes. The vertical axis is sensitivity, the horizontal axis is 1-specificity. AUC is a parameter
used to measure the value of mammogram in the prediction of axillary lymph nodes. (A) ROC curve in all molecular subtypes. (B) ROC curve in ER/PR+Her2-
negative subtype. (C) ROC curve in Her2+ subtype. (D) ROC curve in ER/PR-Her2- subtype.
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(25). Meanwhile, the diagnostic accuracy of ultrasound+MRI in
lymph node metastases was also highest in the ER/PR+Her2-
subtype in our study. Therefore, we can reasonably assume that
the lymph node negative ER/PR+Her2- patients diagnosed by
imaging tests would rarely have massive positive lymph node
pathologically(≥4 macro-metastases), and compared with
axillary surgery, no axillary surgical intervention for clinically
node negative breast cancer would bring non-inferior overall
survival rates and better quality of life. In the future, we would
like to design prospective studies with ER/PR+Her2- patients to
explore the subtraction of axillary surgery in patients with
negative lymph nodes by adequate imaging evaluation.

In ER/PR-Her2- patients, the C-statistics of mammography,
ultrasound and MRI were 0.6335, 0.7125 and 0.7263, respectively
Frontiers in Oncology | www.frontiersin.org 9150
(Figures 4A–C). The diagnosis effect of MRI and ultrasound was
similar (p=0.5579, Figure 4D), while adding MRI did not
increase the accuracy for lymph node assessment by
ultrasound (p=0.0532, Figure 4D). Nonetheless, we can see a
trend that adding MRI improved accuracy, and perhaps
increasing the sample size could get a statistical difference (26).
Therefore, in ER/PR-Her2- patients, ultrasound was the
preferred imaging examination and if cost is not a regard, MRI
examination may be also feasible. Next, we performed horizontal
comparison. The lymph node assessment accuracy of
mammography, ultrasound, and MRI were all worse in the
Her2+ subtype than in ER/PR+Her2- or ER/PR-Her2-
subtypes. In order to improve the detection rate of metastasis
lesion, new technologies for axillary assessment such as contrast-
A B

C D

FIGURE 6 | ROC curve analysis for Ultrasound in all molecular subtypes. The vertical axis is sensitivity, the horizontal axis is 1-specificity. AUC is a parameter used
to measure the value of ultrasound in the prediction of axillary lymph nodes. (A) ROC curve in all molecular subtypes. (B) ROC curve in ER/PR+Her2- subtype. (C)
ROC curve in Her2+ subtype. (D) ROC curve in ER/PR-Her2- subtype.
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enhanced ultrasonography (27), digital breast tomosynthesis
(DBT) (28), and the lymph PET (29) should be further
explored, with an expected increase in the accuracy and
predictability of axillary lymph nodes and increase in the
benefit to more patients.

For the first time, our study explored the influence of breast
cancer molecular subtypes on the diagnostic performance of
three different axillary imaging. However, our research was a
single center and retrospective study. The amount of data in
hierarchical analysis is relatively small and a prospective study
with a larger sample size is expected in the future.
CONCLUSION

From a clinical perspective, our job reviewed the diagnostic
performance of three commonly used axillary imaging
methods in different molecular subtypes of breast cancer. It
may give some suggestion in the selection of lymph node
Frontiers in Oncology | www.frontiersin.org 10151
assessment examinations and the subsequent axillary
treatments. ER/PR+Her2- breast cancer may become a
breakthrough in research on reducing axillary lymph node
surgery due to its high imaging accuracy and good prognosis.
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Objectives: The aim of this study was to identify the factors for local–regional recurrence
(LRR) after breast-conserving therapy (BCT). We established a practical nomogram to
predict the likelihood of LRR after BCT based on hematological parameters and
clinicopathological features.

Methods: A retrospective analysis was performed on 2,085 consecutive breast cancer
patients who received BCT in Shandong Cancer Hospital from 2006 to 2016, including
1,460 patients in the training cohort and 625 patients in the validation cohort. Univariate
and multivariate analyses were performed based on hematological parameters
(fibrinogen, platelets, mean platelet volume, neutrophils, monocytes, and lymphocytes)
and clinicopathological characteristics to identify the independent factors for LRR.
Subsequently, a nomogram for predicting LRR was established by logistic regression
analysis. The nomogram was validated in 625 patients in the validation cohort.

Results: During the median follow-up period of 66 months, 44 (3.01%) patients in the
training cohort and 19 (3.04%) patients in the validation cohort suffered from LRR.
Multivariate analysis showed six independent factors related to LRR, including
molecular subtype, pathological N stage, re-resection, radiotherapy or not, platelet
count*MPV*fibrinogen (PMF), and neutrophil count/lymphocyte count ratio (NLR). Six
variables were entered into logistic regression to establish the nomogram for predicting
LRR. The nomogram of LRR showed excellent discrimination and prediction accuracy.
The area under the receiver operating characteristic curve (AUC) was 0.89 (p < 0.001,
95% CI = 0.83, 0.95) in the training cohort and 0.88 (p < 0.001, 95% CI = 0.8, 0.96) in the
validation cohort. Calibration curves for the prediction model in the training and validation
cohorts both demonstrated satisfactory consistency between the nomogram-predicted
and actual LRR.
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Conclusion: The combination of hematological parameters and clinicopathological
characteristics can predict LRR after BCT. The predictive nomogram based on
preoperative and postoperative indicators of BCT might serve as a practical tool for
individualized prognostication. More prospective studies should be performed to verify
the model.
Keywords: breast-conserving therapy, local–regional recurrence, hematological parameters, clinicopathological
characteristics, nomogram, predicting model
INTRODUCTION

Breast cancer is the most common malignancy in women and is
also the main cause of female death (1). Multiple prospective
randomized clinical trials have confirmed that breast-conserving
therapy (BCT) plus radiotherapy is similar to mastectomy in terms
of disease control and long-term overall survival (2–4). The BCT
ratio in European and American countries has exceeded 60%.
Although the BCT ratio in China is increasing, it is still at a low
level, at only 20%–30%. The main reason is that a number of
Chinese patients believe that BCT carries a risk of LRR compared
to mastectomy. Therefore, it is necessary to study the LRR of the
breast-conserving population in China. In this study,
hematological parameters were innovatively added to predict
LRR after BCT. Some previous studies have pointed out that
hematological parameters (such as neutrophil count/lymphocyte
count, lymphocyte count/monocyte count, and platelet count/
lymphocyte count) have a satisfactory predictive effect on the
recurrence of a few cancers, such as gastric cancer and bladder
cancer (5–7). Therefore, we combined hematological parameters
and clinicopathological features to predict the recurrence of breast
cancer after BCT, and established a prediction model. Balancing
survival and breast aesthetics, BCT has become the preferred local
treatment for early invasive breast cancer (8). However, patients
who received BCT and postoperative radiotherapy still suffered
from LRR (3%–5%) in 10 years. Previous studies have found that
clinicopathological characteristics (such as young age of onset, no
radiotherapy, high nuclear grade, tumor stage, and molecular
subtype) are factors for LRR after BCT (9, 10). For molecular
subtype, according to the CSCO guidelines: Luminal A: HER-2
(−), ER (+), PR (+) and high expression, Ki67 low expression.
Luminal B: HER-2 (−), ER (+), PR (−) or low expression, Ki67
high expression.

Hematological parameters (such as fibrinogen and platelets)
have potential effects on the occurrence and development of
tumors. Previous studies have reported that fibrinogen and
platelets have synergistic effects in protecting tumor cells from
NK cells (11, 12). Satoshi Takagi reported that platelets could
promote the interaction between aggrus/podoplanin and CLEC-
2 to promote tumor growth and metastasis (13). It also shown
that platelets could promote immune escape adaptive immune
responses by increasing the expression of PD-L1 in cancer cells
(14). The mean platelet volume (MPV) level reflects the activity
of platelets, which are elevated in patients with myocardial
infarction and cancer (15). The tumor-induced systemic
inflammatory response (SIR) can inhibit the function of T-cell
2155
immune monitoring and the immune response, causing tumor
development and metastasis (16, 17). Inflammatory factors
(neutrophils, monocytes, and lymphocytes) and platelets can
be used to evaluate the host’s antitumor immune response and
effectively predict the prognosis of cancer (18). Since tumor-
associated inflammation is a basic component of tumor
microenvironment, it may affect the prognosis of tumor. In a
clinical setting, the detection of elevated inflammatory factors in
the systemic circulation is widely considered to be a prognostic
factor for many malignancies (19).

Therefore, this retrospective study was performed for two
purposes: the first was to identify the factors related to the LRR of
breast cancer treated by BCT, and the second was to establish a
nomogram for predicting LRR after BCT by clinicopathological
characteristics and hematological parameters.
MATERIALS AND METHODS

Patient Population
The study retrospectively investigated the relationship between
hematological parameters, clinicopathological features, and LRR
at Shandong Cancer Hospital from 2006 to 2016. The eligibility
criteria were as follows: (1) female patients with invasive
carcinoma or ductal carcinoma in situ by pathology; (2) all
patients were treated with BCT; (3) chemotherapy and
radiotherapy were not received before the operation; (4)
patients did not receive other anticancer treatment or blood
transfusion before blood examination; and (5) all patients
completed the analysis of hematological parameters after
entering the hospital to the day before the operation.

Among all patients who received BCT from 2006 to 2016, 74
patients who had data loss and 104 patients who received
neoadjuvant chemotherapy were excluded. Finally, 2,085
patients selected for the study were randomly divided into a
training cohort (1,460) and a validation cohort (625) according
to a 7:3 ratio (Figure 1).

The selected clinicopathological characteristics included the
following: age of onset, menstrual status, pathological stage,
presence of carcinoma in situ, molecular subtype, nuclear
grade, re-resection, pathological T stage, pathological N stage,
axillary surgery type, hormone receptor status, HER-2 status,
chemotherapy, radiotherapy, and endocrine treatment, which
are summarized in Table 1. The pathological stage was in
accordance with the American Joint Commission on Cancer
(AJCC) 7th edition staging standard. Histological grade was
July 2022 | Volume 12 | Article 861210
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determined according to theWorld Health Organization (WHO)
classification system.

The hematological parameters included platelet count,
fibrinogen, MPV, neutrophil count, monocyte count, and
lymphocyte count. We used the following terms to express the
correlation of hematological indices:

PF = platelet count*fibrinogen

MF = MPV*fibrinogen

PMF = platelet count*MPV*fibrinogen

FMR = fibrinogen/MPV ratio

PMR = platelet count/MPV ratio

NLR = neutrophil count/lymphocyte count ratio

MLR = monocyte count/lymphocyte count ratio

PLR = platelet count/lymphocyte count ratio

All patients signed an informed consent form upon
admission. This study was approved by the Medical Ethics
Committee of Shandong Cancer Hospital.

Definition of Recurrence and Patient
Follow-Up
We defined LRR as local treatment failure (including ipsilateral
chest wall and skin, surgical area, and ipsilateral breast recurrence)
and ipsilateral area treatment failure (ipsilateral internal
mammary, supraclavicular, and axillary lymph node recurrence).
There were fewer patients who had distant recurrence in our
center. Distant recurrence includes nonipsilateral local recurrence
and other secondary cancers (20). In our center, the definition of
resection margin is to use the upper, lower, inner, and outer four
margins after extended resection to represent the margin of the
whole residual cavity. Re-resection is defined as secondary
resection to achieve a negative margin in patients with a positive
margin of first resection. A positive margin was defined as <2 mm
from the surgical margin (21). The types of axillary surgery are
divided into axillary lymph node dissection (ALND) and sentinel
lymph node biopsy (SLNB). The subjects were followed up until
February 1, 2021. The median follow-up time was 66 months
(range: 6–180 months). They were followed up every 3 months in
the first 2 years and every 6 months after the 3rd year.
Frontiers in Oncology | www.frontiersin.org 3156
Treatments
For all BCT patients, we recommended radiotherapy for the
whole breast at a median dose of 50 Gy, usually given in a
fraction of 2 Gy/FX. Boost doses were given to the primary tumor
site. The choice of chemotherapy was according to the St. Gallen
consensus: patients with moderate recurrence risk received
cyclophosphamide, doxorubicin (or epirubicin), and 5-
Fu (CAF) regimen; patients with low risk received
cyclophosphamide, methotrexate, and 5-Fu (CMF) regimen, or
AC regimen; patients with high risk would receive taxane-
containing regimens [AC followed by paclitaxel (P), or CAF
followed by docetaxel (T), or TAC]. All the patients with positive
hormone receptor status received tamoxifen (for both pre-
menopausal and postmenopausal women) or aromatase
inhibitors (only for postmenopausal women) for 5 years. The
anti-HER2 targeted drug (Herceptin) had not officially entered
the Chinese market during the study period (2006–2016) in this
study group.
Statistical Analysis
The optimal cutoff levels of PF, MF, PMF, FMR, PMR, NLR,
MLR, and PLR were identified by receiver operating
characteristic (ROC) curve analysis. The chi-square (c2) test
was used to test the difference between categorical variables. The
Kaplan–Meier method was used to calculate the survival curve,
and the log rank test was used for univariate analysis. The Cox
risk ratio model was used for multivariate analysis, and the
significant risk factors in univariate analysis were used for
multivariate analysis. Then, binary logistic regression was used
to establish the prediction model, in which the variables came
from the significant factors in multivariate analysis. A
nomogram for LRR was created based on the multivariable
logistic regression (p < 0.05). Finally, ROC curves were drawn
to assess the accuracy of the prediction model, with a reasonable
range of 0.5 (random) to 1.0 (perfect). The y-axis of the
calibration curve represents the actual observed survival rate,
and the x-axis represents the survival rate predicted by the
established nomogram in the training cohort and validation
cohort. All statistical data were analyzed by SPSS version 26.0
(SPSS company, Chicago, Illinois, USA) and R 4.0.3 (The R
FIGURE 1 | Consort diagram for the study cohort. BCT, breast cancer therapy; SCH, Shandong cancer hospital; LRR, local–regional recurrence.
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Project for Statistical Computing, www.r-project.org). p < 0.05
was considered as statistically significant.
RESULTS

Clinicopathological Characteristics and
Hematological Parameters
According to the inclusion and exclusion criteria, 1,460 patients
were included in the training cohort and 625 patients were included
Frontiers in Oncology | www.frontiersin.org 4157
in the validation cohort. The baseline clinicopathological
characteristics in the training cohort and the validation cohort are
shown in Table 1. In the training cohort, the median age at
diagnosis was 45 years (range, 20 to 85 years), and 955 (65.4%)
patients were premenopausal. A total of 427 (29.2%) patients
underwent re-resection after the first positive margin, and 182
(12.4%) patients did not receive radiotherapy. There were 318
(21.8%) patients who presented with carcinoma in situ, including
72 with pure DCIS and 246 with DCIS and invasive ductal
carcinoma. Simple carcinoma in situ and T1, T2, and T3 tumors
TABLE 1 | The basic information, tumor characteristics, and treatment methods of breast cancer patients receiving BCT.

Characteristic Training cohort Validation cohort

Total LRR (%) Total LRR (%)

Age
≤45 708 28 (3.9) 295 11 (3.7)
>45 752 16 (2.1) 330 8 (2.4)
Menopausal status
Premenopausal 955 34 (3.6) 372 15 (4.0)
Postmenopausal 505 10 (2.0) 253 (33.4) 4 (1.6)
Nuclear grade
I 220 2 (0.9) 112 3 (2.6)
II 731 17 (2.3) 292 10 (3.4)
III 443 23 (5.2) 177 6 (3.4)
Unknown 66 2 (3.0) 4 0 (0.0)
Pathologic T stage
T1 1,041 34 (3.3) 388 11 (2.8)
T2 333 8 (2.4) 170 6 (3.5)
T3 10 0 (0.0) 3 0 (0.0)
Carcinoma in situ 76 2 (2.6) 64 2 (3.1)
Pathologic N stage
N0 1,136 16 (1.4) 492 6 (1.2)
N1 276 16 (5.8) 117 8 (6.8)
N2 40 8 (20.0) 11 2 (18.2)
N3 8 4 (50.0) 5 3 (60.0)
Pathologic stage
0 67 2 (3.0) 29 3 (10.3)
I 797 9 (1.1) 382 10 (2.6)
II 534 21 (3.9) 203 5 (2.5)
III 62 12 (19.4) 11 1 (9.1)
With carcinoma in situ
Yes 318 21 (6.6) 189 10 (5.3)
No 1,142 23 (2.0) 436 9 (2.1)
Re-resection
Yes 427 18 (4.2) 226 8 (3.5)
No 1,033 26 (2.5) 399 11 (2.8)
Molecular subtype
Luminal A 707 7 (1.0) 298 4 (1.3)
Luminal B 114 3 (2.6) 48 1 (2.1)
HER-2 positive 504 20 (4.0) 226 7 (3.1)
TNBC 135 14 (10.4) 53 7 (13.2)
ER status
Positive 1,140 19 (1.7) 403 12 (3.0)
Negative 320 25 (7.8) 222 7 (3.2)
PR status
Positive 1,065 17 (1.6) 426 8 (1.9)
Negative 395 27 (6.8) 199 11 (5.5)
HER-2 status
Positive 515 20 (3.9) 178 11 (6.2)
Negative 945 24 (2.5) 447 8 (1.8)
Receipt of chemotherapy
Yes 1,076 34 (3.2) 452 14 (3.1)
No 384 10 (2.6) 173 5 (2.9)
Receipt of radiotherapy
Yes 1,278 20 (1.6) 539 12 (2.2)
No 182 24 (13.3) 86 7 (8.1)
Receipt of endocrine therapy
Yes 999 17 (1.7) 266 7 (2.6)
No 461 27 (5.9) 359 12 (3.3)
July 2022 | Volume 12 | Articl
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were present in 76 (5.2%), 1,041 (71.3%), 333 (22.8%), and 10
(0.68%) patients respectively. A total of 1,136 (77.8%) patients were
staged at N0, and the N1, N2, and N3 stages were present in 276
(18.9%), 40 (2.7%), and 8 (0.6%) patients, respectively. Among the
molecular subtypes of all patients, luminal A accounted for the
highest proportion (48.4%), and luminal B and triple-negative
breast cancer (TNBC) accounted for relatively low proportions
(7.8% and 9.2%, respectively). However, TNBC patients increased
significantly in the recurrent population (31.8%). In the validation
cohort, luminal A still accounted for the highest proportion (47.6%),
and luminal B, HER-2 positive, and TNBC were showed in 48
(7.6%), 226 (36.1%), and 53 (8.4%) patients, respectively. A total of
492 (78.7%) patients were staged at N0, and the N1, N2, and N3
stages were present in 117 (18.7%), 11 (1.7%), and 5 (0.8%)
patients, respectively.

Recurrence Outcomes
After the median follow-up of 66 months, 44 patients (3.01%)
developed LRR in the training cohort. Among the 44 patients
with LRR, 23 (52.3%) patients had recurrence in the ipsilateral
breast, 18 (40.9%) patients had axillary lymph node involvement,
and patients rarely had chest wall and skin recurrences. Figure 2
and Table 2 show the ROC and cutoff values of PF, MF, PMF,
FMR, PMR, NLR, MLR, and PLR of patients with breast cancer
before breast-conserving surgery. The optimal cutoff point could
be used for the next survival analysis.

Univariate and Multivariate
Survival Analysis
The results of the univariate analysis of LRR in the training
cohort are shown in Table 3 and Figure 3, which identified the
following indicators associated with LRR among patients with
BCT: clinicopathological variables (age of onset, pathological
stage, molecular subtype, nuclear grade, re-resection, cancer in
situ, pathological N stage, ER, PR, radiotherapy, and endocrine
therapy) and hematological variables (including PF, MF, PMF,
FMR, PMR, NLR, MLR, and PLR). Further multivariate Cox
regression analysis demonstrated that the independent predictive
factors for LRR were molecular subtype (p < 0.001, HR [95% CI]
= 1.904 [1.392, 2.604]), pathological N stage (p < 0.001, HR [95%
CI] = 2.330 [1.726, 3.145]), radiotherapy (p < 0.001, HR [95% CI]
= 0.156 [0.084, 0.292]), re-resection (p = 0.042, HR [95% CI] =
Frontiers in Oncology | www.frontiersin.org 5158
2.210 [1.030, 4.742]), PMF (p < 0.001, HR [95% CI] = 1 [1, 1]),
and NLR (p < 0.001, HR [95% CI] = 1.316 [1.187, 1.458]).
Prediction Model of the Local-regional
Recurrence Nomogram
Through univariate and multivariate analysis, a predictive model
was constructed based on the independent predictors, combined
with meaningful clinicopathological features and hematological
parameters in multivariate analysis. The dependent variable was
the incidence of LRR. After entering binary logistic regression, it
was determined that pathologic N stage was the best predictor.
Re-resection did not show a significant difference (p = 0.06, HR
[95% CI] = 2.61 [0.959, 7.103]). Molecular subtype, pathologic N
stage, radiotherapy, PMF, and NLR were integrated and
demonstrated using a visual nomogram (Figure 4). The
nomogram scores were given based on the weights of the
independent variables in the regression model. The scale length
of the nomogram variables was positively correlated with their
influence on the efficacy prediction. Among all factors,
FIGURE 2 | Optimal cutoff points for hematologic parameters were on with
ROC curves. PF, platelet count*fibrinogen; MF, mean platelet
volume*fibrinogen; PMF, platelet count*mean platelet volume*fibrinogen; FMR,
fibrinogen-to-mean platelet volume ratio; PMR, platelet count-to-mean platelet
volume ratio; NLR, neutrophil count-to-lymphocyte count ratio; MLR,
monocyte count-to-lymphocyte count ratio; PLR, platelet count-to-
lymphocyte count ratio; ROC, receiver operating characteristic.
TABLE 2 | The optimal cutoff point for local–regional recurrence.

Variables AUC Cutoff point p-value

PF 0.694 910.60 <0.001
MF 0.652 35.24 0.001
PMF 0.687 9343.58 <0.001
FMR 0.665 0.29 <0.001
PMR 0.626 27.66 0.004
NLR 0.703 4.14 <0.001
MLR 0.715 0.28 <0.001
PLR 0.691 147.67 <0.001
July 2022 | Volume 12 | Article
PF, platelet count*fibrinogen; MF, mean platelet volume*fibrinogen; PMF, platelet count*mean platelet volume*fibrinogen; FMR, fibrinogen-to-mean platelet volume ratio; PMR, platelet
count-to-mean platelet volume ratio; NLR, neutrophil count-to-lymphocyte count ratio; MLR, monocyte count-to-lymphocyte count ratio; PLR, platelet count-to-lymphocyte count ratio;
AUC, area under the curve.
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pathologic N stage contributed the most to the prediction results.
This was followed by molecular subtype, radiotherapy, PMF, and
NLR. In pathological N stage, the high-risk segment
corresponded to the high partition (scoring axis), and the low-
risk segment corresponded to the low partition. The scores of all
factors were added to obtain the total score perpendicular to the
risk axis of LRR and the final risk of individual LRR. The
nomogram of LRR showed ideal discrimination and prediction
accuracy. Calibration curves for the prediction model in the
training and validation cohort both demonstrated satisfactory
consistency between the nomogram-predicted and actual LRR
(Figures 5A, B). The area under the ROC curve (AUC) was 0.89
(p < 0.001, 95% CI = 0.83, 0.95) in the training cohort
(Figure 5C) and 0.88 (p < 0.001, 95% CI = 0.8, 0.96) in the
validation cohort (Figure 5D).
DISCUSSION

With the development of imaging examinations and systemic
therapy, BCT has become the preferred surgical choice for
patients with operable breast cancer. However, about 3% of
patients still have LRR after BCT, which may be related to
young age, tumor size, negative hormone receptor status, and
pathologic N stage, as reported in a previous study (22–24).
Moreover, the biological characteristics of breast cancer in
Chinese women are different from those in Western women.
Frontiers in Oncology | www.frontiersin.org 6159
The age of breast cancer patients in China is relatively young, and
50%–60% of breast cancer patients are premenopausal patients.
Therefore, it is necessary to establish a practical nomogram to
improve the prediction ability of LRR.

Univariate analysis showed that age of onset, pathological
stage, molecular subtype, nuclear grade, re-resection, carcinoma
in situ, pathologic N stage, ER, PR, radiotherapy, endocrine
therapy, PF, MF, PMF, FMR, PMR, NLR, MLR, and PLR were
related to LRR after BCT in the study. The multivariate analysis
identified that independent factors for LRR included molecular
subtype, pathologic N stage, re-resection, radiotherapy, PMF,
and NLR. A predictive nomogram incorporating hematological
parameters and clinicopathological characteristics showed ideal
discrimination and consistency between the nomogram-
predicted LRR and actual observation in both the training and
validation cohorts.

Univariate analysis showed that TNBC had a higher
recurrence rate than non-TNBC (including luminal A, luminal
B, and HER-2 positivity). After multivariate adjustment,
molecular subtype was still an independent factor for LRR.
Our results were consistent with previous large sample studies,
which proposed that IHC-based molecular subtype had
significant prognostic effects. The IHC-based molecular
subtype study proved that hormone receptor-negative subtypes
were more likely to relapse. TNBC has strong tumor
invasiveness, and hormone receptor and HER-2 receptor are
negative. Due to the lack of endocrine and targeted therapeutic
TABLE 3 | Univariate and multivariate analysis of factors for local–regional recurrence.

Factors Univariate K-M Multivariate Cox

p-value HR (95% CI) p-value

Age of onset 0.042 0.971 (0.939–1.004) 0.082
Pathologic stage <0.001 0.942
Menstrual status 0.088
Molecular subtype <0.001 1.904 (1.392–2.604) <0.001
Nuclear grade 0.008 0.352
Re-resection <0.001 2.210 (1.030–4.742) 0.042
With carcinoma in situ <0.001 0.390
Pathologic T stage 0.855
DCIS only vs. pT1–3 0.896
Pathologic N stage <0.001 2.330 (1.726–3.145) <0.001
Axillary surgery type 0.102
ER <0.001 0.161
PR <0.001 0.663
HER-2 0.159
Chemotherapy 0.600
Radiotherapy <0.001 0.156 (0.084–0.292) <0.001
Endocrine therapy <0.001 0.722
PF <0.001 0.554
MF <0.001 0.779
PMF <0.001 1.658 (1.083–2.361) <0.001
FMR <0.001 0.484
PMR 0.001 0.774
NLR <0.001 1.316 (1.187–1.458) <0.001
MLR <0.001 0.713
PLR <0.001 0.762
July 2022 | Volume 12 | Article
HR, hazard ratio; CI, confidence interval; ER, estrogen receptor; PR, progesterone receptor; PF, platelet count*fibrinogen; MF, mean platelet volume*fibrinogen; PMF, platelet count*mean
platelet volume*fibrinogen; FMR, fibrinogen-to-mean platelet volume ratio; PMR, platelet count-to-mean platelet volume ratio; NLR, neutrophil count-to-lymphocyte count ratio; MLR,
monocyte count-to-lymphocyte count ratio; PLR, platelet count-to-lymphocyte count ratio.
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targets for TNBC, LRR and distant metastasis are more likely to
occur in TNBC (25).

Pathologic N stage was also found to be an independent factor
related to LRR. It represented axillary lymph node status. For
patients with late axillary lymph node stage, on the one hand, the
lymph node stage is relatively late, and there is still the risk of
local residue after systematic treatment and local treatment. On
the other hand, the tumors had the characteristics of near lymph
node metastasis and local lymph node metastasis.

In our hospital, patients will receive re-resection due to
positive surgical margins, and if the margin is positive again,
mastectomy will be performed. Studies have shown that
extensive intraductal carcinoma is a high-risk factor for
positive margins (21). However, re-resection will destroy the
integrity of the tumor. This may cause tumor cells to spread in
the surgical cavity. In addition, re-resection will interfere with
the definition of tumor margins, resulting in margins that are too
close and even false negatives. Based on this, if only the first
Frontiers in Oncology | www.frontiersin.org 7160
margin is positive, re-resection will increase the risk of local
residue and recurrence. For specific types of tumors, it is more
likely to need re-resection. For example, with extensive
intraductal cancer, the risk of positive margins is higher, and
some tumor types have the risk of false-negative margin, which is
more likely to cause local recurrence. Therefore, the type of
tumor requiring re-resection may also be a factor in LRR. Re-
resection in multivariate analysis of Cox also showed the
correlation with LRR.

Radiotherapy after BCT is the standard treatment for breast
cancer in NCCN guidelines. Prospective randomized trials have
shown that radiotherapy reduced the 10-year risk of any (i.e.,
local-regional or distant) first recurrence from 35.0% to 19.3%
(absolute reduction 15.7%, 95% CI 13.7–17.7, 2p < 0.00001) and
reduced the 15-year risk of breast cancer death from 25.2% to
21.4% (absolute reduction 3.8%, 1.6–6.0, 2p = 0.00005) (9, 26,
27). The overall results from these trials suggested that
radiotherapy after BCT not only substantially reduced the risk
A B

D

E F

C

FIGURE 3 | Kaplan–Meier curves for local-regional recurrence. Kaplan–Meier curves for local–regional recurrence based on molecular subtype (A), pathological N
stage (B), radiotherapy (C), re-resection (D), PMF (E), and NLR (F). TNBC, triple-negative breast cancer; PMF, platelet count*mean platelet volume*fibrinogen; NLR,
neutrophil count-to-lymphocyte count ratio.
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of recurrence, but also reduced the risk of breast cancer death.
These results suggested that the use of radiotherapy to kill tiny
tumor foci in the remaining breast could reduce the risk of LRR
and distant metastasis. This study also showed that postoperative
Frontiers in Oncology | www.frontiersin.org 8161
radiotherapy was an independent factor for LRR. Currently, with
the development of research on circulating tumor cells, studies
have found that hematological parameters are important
intermediaries in the occurrence and development of breast
FIGURE 4 | Nomogram model predicts the probability of local–regional recurrence. Points refers to point for the individual risk factor and add together to the total
points. Luminal A, HER-2 (−), ER (+), PR (+) and high expression, Ki67 low expression; Luminal B, HER-2 (−), ER (+), PR (−) or low expression, Ki67 high expression;
HER2+, the breast cancer of HER2 positive; TNBC, triple-negative breast cancer; N0, No positive lymph nodes; N1, the number of positive lymph nodes is 1–3; N2
+, the number of positive lymph nodes is more than 3; PMF, platelet count*mean platelet volume*fibrinogen; NLR, neutrophil count-to-lymphocyte count ratio.
A B

DC

FIGURE 5 | Evaluation of the LRR nomogram (A–D). Calibration curves for the nomogram in the training cohort (A) and validation cohort (B). The x-axis shows the
predicted probability of an LRR event. The y-axis shows the actual LRR outcome. The discrimination assessed by ROC curves for the nomogram in the training
cohort (C) and validation cohort (D). The AUCs for LRR prediction were 0.89 (95% CI = 0.83, 0.95) in the training cohort and 0.88 (95% CI = 0.8, 0.96) in the
validation cohort. LRR, local–regional recurrence; ROC, receiver operating characteristic; AUC, area under the curve.
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cancer. However, the detection of circulating tumor cells in
clinical practice still needs more research. The literature has
confirmed that common hematological parameters, such as
platelets and coagulation factors, will change with the state of
tumor. They are easy to obtain and can be used as an index to
predict changes in tumor condition.

In the study, the PMF of the recurrence of breast cancer was
obviously abnormal. Platelets have an important impact on the
occurrence, development, and prognosis of tumors and can
promote the direct interaction between aggrus/podoplanin and
clec-2 to promote tumor growth and metastasis (13). As the
main indicator of platelet activation status, MPV has also been
reported to be associated with the prognosis of malignant
diseases (28, 29).

In addition, some studies have found that fibrinogen levels
will increase when malignant tumors or tumor-induced SIR
occur, decrease after surgery, and increase again when tumor
relapse occurred (30, 31). Hyperfibrinogenemia affects the
prognosis of breast cancer. Tumor growth and local infiltration
cause inflammation and elevate plasma fibrinogen levels,
favoring stable adhesion of tumor cells and survival of
metastatic embolism, which may be responsible for LRR of
tumor and lymphatic metastasis (32). PMF is defined as
platelet count*MPV*fibrinogen, which represents the combined
effect of platelets, MPV, and fibrinogen. Some studies have
shown that platelet count, MPV, and fibrinogen are changed in
the recurrence and metastasis of thyroid and gallbladder cancer
(33, 34). Our study also found that PMF is significantly
associated with the LRR of breast cancer as an independent
factor for LRR.

A prospective study conducted by the UK Biobank evaluated
the correlation between prediagnostic markers of systemic
inflammation and cancer risk in 440,000 participants. It
proved that the ratio of inflammatory cells could be used as a
biomarker of cancer risk, and it was possible to identify the
disease early in the last year before clinical diagnosis (35). SIR is
closely related to the prognosis of many tumors. Inflammation
can promote the proliferation of cells in new plasma, stimulate
angiogenesis, and reduce immunity, thereby promoting cancer
recurrence and progression (19). Many studies have shown that
the indicators of NLR, MLR, and PLR changed significantly in
the recurrence or metastasis of breast cancer, liver cancer, and
small cell lung cancer (36–38). In this study, NLR was
significantly correlated with LRR as an independent factor,
while MLR and PLR did not show significant correlation with
LRR in multivariate analysis of LRR.

It is worth noting that age and tumor size were not
independent factors for LRR in our results, which was
inconsistent with previous studies. The reason may be that
younger patients (less than or equal to 45 years old) are more
inclined to BCT than older patients. In addition, for patients with
tumors T2 or more, we can perform BCT with oncoplastic
surgery, which can receive a larger margin and still keep the
contour of breasts.

In this study, we established a nomogram to predict the LRR
after BCT, and the AUC was 0.89, showing a satisfactory
Frontiers in Oncology | www.frontiersin.org 9162
predictive effect. Additionally, despite the TNM staging system,
several predictive models were explored according to
inflammatory status, tumor markers, stromal tumor-infiltrating
lymphocytes, gene signatures, and so on with C-indices from
0.69 to 0.77 (39, 40). Compared with these models, our predictive
nomogram achieved comparative prognostic accuracy and was
more economical and convenient.

However, it must be admitted that this study is a single-center
retrospective study, and the number of recurrences is relatively
small, so there are some uncertain biases. Therefore, the factors
and prediction models of LRR need to be further verified.

In conclusion, molecular subtype, re-resection, pathological
N stage, radiotherapy, PMF, and NLR are significantly related to
LRR. Molecular subtype, pathological N stage, radiotherapy,
PMF, and NLR can be combined to predict the LRR of
patients with breast cancer after BCT. This will help clinicians
to formulate individualized treatment strategies for patients after
BCT according to the risk of LRR and provide patients with
better treatment.
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Accuracy of ultrasonographic
changes during neoadjuvant
chemotherapy to predict axillary
lymph node response in
clinical node-positive
breast cancer patients

Zhuoxuan Li †, Yiwei Tong †, Xiaosong Chen* and Kunwei Shen*

Department of General Surgery, Comprehensive Breast Health Center, Ruijin Hospital, School of
Medicine, Shanghai Jiao Tong University, Shanghai, China
Purpose: To evaluate whether changes in ultrasound features during

neoadjuvant chemotherapy (NAC) could predict axillary node response in

clinically node-positive breast cancer patients.

Methods: Patients with biopsy-proven node-positive disease receiving NAC

between February 2009 and March 2021 were included. Ultrasound (US)

images were obtained using a 5-12-MHz linear array transducer before NAC,

after two cycles, and at the completion of NAC. Long and short diameter,

cortical thickness, vascularity, and hilum status of the metastatic node were

retrospectively reviewed according to breast imaging-reporting and data

system (BI-RADS). The included population was randomly divided into a

training set and a validation set at a 2:1 ratio using a simple random sampling

method. Factors associated with node response were identified through

univariate and multivariate analyses. A nomogram combining clinical and

changes in ultrasonographic (US) features was developed and validated. The

receiver operating characteristic (ROC) and calibration plots were applied to

evaluate nomogram performance and discrimination.

Results: A total of 296 breast cancer patients were included, 108 (36.5%) of

whom achieved axillary pathologic complete response (pCR) and 188 (63.5%)

had residual nodal disease. Multivariate regression indicated that independent

predictors of node pCR contain ultrasound features in addition to clinical

features, clinical features including neoadjuvant HER2-targeted therapy and

clinical response, ultrasound features after NAC including cortical thickness,

hilum status, and reduction in short diameter ≥50%. The nomogram combining

clinical features and US features showed better diagnostic performance

compared to clinical-only model in the training cohort (AUC: 0.799 vs.

0.699, P=0.001) and the validation cohort (AUC: 0.764 vs. 0.638, P=0.027).
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Conclusions: Ultrasound changes during NAC could improve the accuracy to

predict node response after NAC in clinically node-positive breast

cancer patients.
KEYWORDS

breast cancer, lymph nodes, ultrasound, nomogram, neoadjuvant chemotherapy
Introduction

According to the latest global cancer statistics, breast cancer

has become the most commonly diagnosed cancer in women

with 2.3 million new cases in 2020 (1). Axillary lymph node

status is one of the most important factors for clinical staging

and also an independent prognostic predictor for breast cancer

patients (2). Neoadjuvant chemotherapy (NAC) has become an

important treatment for inoperable locally advanced and large

operable breast cancer patients (3). NAC aims to convert

inoperable breast tumors to operable disease and to downstage

the primary large breast tumor and metastatic axillary lymph

node. According to previous reports, 40%-60% of node-positive

patients could convert to node-negative after NAC. Predictive

markers of candidates who could benefit from NAC such as

molecular subtype, NAC regimens, and clinical response had

been extensively confirmed (3–5). However, accurate evaluation

of the response to NAC remains to be investigated.

For patients with primary node-positive disease, axillary

lymph node dissection (ALND) remains the standard of care

after completion of NAC (6). However, ALND is usually

followed by increased risk of complications, including

lymphedema and paresthesia, which leads to poor quality of

life (7). To avoid such complications, the possibility of sentinel

lymph node biopsy (SLNB) for patients achieving pCR after

completion of NAC with primary node-positive disease was

evaluated by the ACOSOG (American College of Surgeons

Oncology Group) Z1071 and SENTINA (sentinel lymph-node

biopsy in patients with breast cancer before and after

neoadjuvant chemotherapy) trials and the false-negative rates

(FNR) of SLNB in these two randomized trials were 12.6% and

14.2%, which were found to be above the acceptable 10% cut

point. Although a reduced FNR of less than 10% could be

achieved by using dual tracer or removing at least three

sentinel lymph nodes (8, 9), SLNB remains debatable with

relatively FNR for patients presenting clinically node-negative

after completion of NAC according to the guideline (10).

Predictive markers to select axillary pCR patients appropriate

for SLNB is still a challenge.
166
Imaging modalities have been applied to increase the

diagnostic accuracy for lymph node response evaluation. For

instance, when axillary ultrasound (US) was added to assess the

axillary response after NAC, the FNR decreased to 9.8% in the

ACOSOG Z1071 population (11). A previous study has

demonstrated that axillary lymphadenopathy in US after NAC

had the strongest predictive capacity of residual axillary LN

metastasis (OR=13.8), while other clinical predictive features

including clinical N stage, Ki-67 negativity, hormone receptor

positivity, and HER2 negativity showed an OR from 2.3 to 3.7

(12, 13). Moreover, breast pCR was also an independent positive

predictor for nodal response in the Z1071 trial (14). Likewise, as

demonstrated in our previous study, patients with breast pCR

had a significantly lower ypN+ rate than those with residual

tumor (23.9% vs. 62.5%, OR=0.14) (15). US features of lymph

nodes observed after chemotherapy, including shorter short-

axis, shorter long-axis, hilum preservation, and absence of

cortical thickness, have been proven to be associated with

axillary pCR (16, 17). In addition to the observation of the

lymph node status at a certain point in time, US also has the

advantages of convenient, dynamic, and continuous observation

throughout the treatment (16, 18). In one study, axillary

response was evaluated at separate time points before, during,

and after NAC, and the results showed that only mid-NAC US

features including breast tumor size and cortical thickness

showed an average diagnostic performance with an AUC of

0.760 (19). Although different time points were included in this

study, the imaging change of lymph nodes across treatment

cycles, which might reflect treatment response, was not

investigated. To further understand the association between

the specific lymph node US features throughout the treatment

and ALN response after NAC, more markers combining

different time points of lymph node specific US indicators is

needed to be explored.

Therefore, the aim of our study was to evaluate whether

changes of ultrasound features during neoadjuvant

chemotherapy (NAC) could predict axillary node response in

clinically node-positive breast cancer patients, thus to develop a

novel nomogram combining clinical and axillary US features to
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predict the probability of axillary nodal pCR after NAC in

primary node-positive patients, which may guide further ALN

management after NAC.
Materials and methods

Data source and patients selection

We retrospectively reviewed consecutive female patients

diagnosed with primary invasive breast cancer who received

NAC from February 2009 to March 2021 in Comprehensive

Breast Health Center, Shanghai Jiaotong University School of

Medicine affiliated Ruijin Hospital. Eligible patients were women

with node-positive disease confirmed by fine-needle aspiration

biopsy/core needle biopsy before NAC initiation and with US

monitoring of axilla performed at baseline, after two cycles, and

after completion of NAC (Supplementary Figure S1). The

exclusion criteria were as follows (1): without biopsy-proven

nodal metastases (n=163) (2); absence of US images before,

during, or after NAC (n=146) (3); treated with neoadjuvant

endocrine therapy alone (n=9). The current study was approved

by the independent Ethical Committees of Ruijin Hospital,

Shanghai Jiaotong University School of Medicine.
Clinical and pathological evaluation

Patient clinical and pathological data were retrieved from

Shanghai Jiaotong University Breast Cancer Database (SJTU-

BCDB). Core needle biopsy and fine needle aspiration biopsy

were performed for suspicious breast and lymph node lesions.

Pathological evaluation was performed at the Department of

Pathology, Ruijin Hospital by at least two independent

pathologists. Histological type and pathological grade were

referred to the World Health Organization classification (20).

Clinical TNM staging was defined according to the Eighth

edition of the American Joint Committee on Cancer staging

system (21). ER, PR, HER2, and Ki-67 expression were assessed

by immunohistochemistry (IHC) methods in core needle biopsy

samples at baseline. Samples with HER2 IHC 2+ were further

examined by fluorescence in situ hybridization (FISH). The

positivity criteria accorded to the 2018 American Society of

Clinical Oncology/College of American Pathologists (ASCO/

CAP) guidelines (22). Molecular subtypes were classified as

four types: Luminal A (ER+, PR high, HER2-, Ki67 low),

Luminal B (ER+ or/and PR -/low or Ki67 high), HER2-

enriched (ER-, PR-, HER2+), and TNBC (ER-, PR-, HER2-)

(23). Patients were recommended with NAC after a

multidisciplinary discussion (MDT) with surgical oncologist,
Frontiers in Oncology
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medical oncologist, radiation oncologist, and other related

clinicians. NAC regimes were classified based on anthracycline

(A) and taxane (T). Patients were classified into A+T, such as

EC-T (epirubicin 90 mg/m2 and cyclophosphamide 600 mg/m2

followed by docetaxel 100 mg/m2 q3w), TEC (docetaxel 75 mg/

m2, epirubicin 75 mg/m2 and cyclophosphamide 500 mg/m2

q3w), A (anthracycline)-containing, such as EC (epirubicin 90

mg/m2 and cyclophosphamide 600 mg/m2 q3w), or T (taxane)-

containing, such as PCb (weekly paclitaxel 80 mg/m2 and

carboplatin AUC 2). Neoadjuvant HER2-targeted therapy

based on trastuzumab (8 mg/Kg at first cycle and followed by

6 mg/Kg q3w or 4 mg/Kg at first cycle and followed by 2 mg/Kg

weekly) was also applied to patients according to the

MDT decision.

After completion of NAC, clinical and pathological

evaluations were repeated in the radical surgery specimen.

Clinical response was judged according to RECIST 1.1 criteria

as CR (complete response, disappearance of all target lesions),

PR (partial response, the sum of diameters of target lesions

decreased at least 30%), PD (progressive disease, the sum of

diameters of target lesions increased at least 20%), and SD (stable

disease, neither PD nor PR) (24). The primary endpoint of the

current study was nodal complete response, which was defined

as no metastatic carcinoma in the axillary lymph nodes (25).

Isolated tumor cells or micrometastasis in the nodes were not

considered complete response (26).
US evaluation procedure

Breast and axilla US examinations were performed before

NAC (at baseline, before biopsy), after two cycles of NAC, and

completion of NAC by experienced radiologists with more than

10 years of experience in breast imaging per individual in the

Department of Ultrasonography, Ruijin Hospital. All patients

were assessed with real-time US using a 5-12-MHz linear array

transducer (Esaote MyLab 60, Esaote SpA, Genoa, Italy). The

largest biopsy-confirmed positive node was viewed as the target

lesion. US features for analysis included long diameter, short

diameter, cortical thickness, vascularity (rare, minimal, or

abundant), and hilum (preserved, partially preserved, or

completely obliterated) according to the breast imaging-

reporting and data system (BI-RADS) (27), as presented in

Supplementary Figure S2. Imaging reports were retrospectively

reviewed from SJTU-BCDB and analyzed in the current study.

Changes of the US features were evaluated as the reduction in

diameter compared to the baseline. A reduction of 30% in

diameter at two cycles, as well as a reduction of 50% (1-0.7*0.7

= 0.51) at completion were applied as cut-offs according to the

RECIST 1.1 criteria, where a reduction of 30% in diameter was

considered PR (24).
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Statistical analyses

The included population was randomly divided into a

training set and a validation set at a 2:1 ratio using simple

random sampling method. Categorical variables were analyzed

by using Chi-square test or Fisher’s exact test, if necessary.

Continuous variables were analyzed by using independent t-

test and Mann–Whitney U-test. Univariate and multivariate

binary logistic regression analyses were used to identify the

factors associated with axillary pCR in the training set.

Receiver operator characteristic (ROC) curve was used to

assess the diagnostic performance of clinical and US imaging

features. The area under the curve (AUC) was obtained at the

cut-off value yielding the largest Youden index and compared

using generalized estimating equations and the Delong test.

Calibration was assessed by calibration plot with 1000

bootstrap resampling. P <0.05 was considered to indicate a

statistically significant difference. Statistical analysis was

performed using SPSS (version 24.0) and R software

(version 4.0.5).
Results

Baseline patient characteristics

Baseline characteristics of the 296 participants in the training

and validation set are described in Table 1. Among the 296

patients included, 108 (36.5%) achieved axillary pCR while 188

(63.5%) had residual axillary lymph nodes. No significant

difference was observed at baseline between the training set

and validation set, which justified their use as two independent

sets. The average age of patients was 50 ± 11.9 years. In the

training set, the ALN pCR group showed a higher proportion of

ER negative (60.0%, P<0.001), PR negative (75.0%, P=0.002),

and HER2 positive (52.3%, P=0.001) disease. Patients receiving

NAC T-containing regimen (57.6%, P=0.006) and neoadjuvant

HER2-targeted therapy (50.8%, P<0.001) were more likely to

achieve ALN pCR. The rate of ALN pCR ranged from 71.4% to

9.1% among patients who had clinical CR and PD.
Ultrasound features

US features of the biopsy-confirmed metastatic axillary

lymph node are shown in Table 2. At baseline, no significant

difference in US features was observed between pCR and non-

pCR groups (all P>0.050). After two cycles of NAC, medians of

long diameter (15.6mm vs. 18.9mm, P=0.041), short diameter

(7.3mm vs. 9.0mm, P=0.013), and cortical thickness (4.2mm vs.

5.4mm, P=0.011) were shorter in the pCR group compared with

the non-pCR group, while vascularity (P=0.739) and hilum
Frontiers in Oncology
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(P=0.270) remained similar. After completion of NAC,

medians of long diameter (11.0mm vs. 15.6mm, P=0.006),

short diameter (5.3mm vs. 7.1mm, P=0.001), and cortical

thickness (3.0mm vs. 3.6mm, P=0.005) were significantly

decreased in the pCR group, and hilum preservation was more

common (65.4%) in the pCR group compared to the non-pCR

group. Abundant vascularity tended to be more observed in the

ypN+ population (11.1% vs. 1.9%, P=0.052).

The changes of US features for biopsy-confirmed metastatic

axillary lymph node were evaluated in the training set (Table 3).

Patients with ALN pCR tended to show more reduction in

lymph node US quantitative features, reduction in cortical

thickness ≥30% after two cycles of NAC (69.2%, P=0.034),

reduction in short diameter ≥50% (69.2%, P<0.001), and

cortical thickness ≥50% (76.9%, P<0.001) after completion of

NAC were associated with axillary pCR.
Univariate and multivariate analysis of
predictors for axillary pCR

In the univariate analysis, clinical features including ER

status (P<0.001), PR status (P=0.002), HER2 status (P=0.001),

molecular subtype (P=0.005), clinical response (P=0.010), NAC

regimen (P=0.006), as well as neoadjuvant HER2-targeted

therapy (P<0.001) were associated with axillary pCR rate in

the training set (Figure S3). Among US features after two cycles

of NAC, short diameter (P=0.022), cortical thickness (P=0.015),

and reduction in cortical thickness (P=0.036) were associated

with axillary pCR. Among US features after completion of NAC,

short diameter (P=0.003), cortical thickness (P=0.004), hilum

status (P=0.016), reduction in short diameter ≥50% (P<0.001),

and reduction in cortical thickness (P<0.001) were associated

with axillary pCR.

In further multivariate logistic regression analysis,

neoadjuvant HER2-targeted therapy (P=0.009), clinical

response (P=0.016), US features after completion of NAC

including cortical thickness (P=0.001), hilum status (P=0.012),

and reduction in short diameter ≥50% (P=0.006) were

independent predictors for axillary pCR (Figure 1). Patients

receiving neoadjuvant HER2-targeted therapy (OR=4.06, 95%CI

1.43-11.57, P=0.009) were more likely to achieve nodal pCR.

Patients who had PR (OR=0.22, 95%CI 0.06-0.75, P=0.016), SD

(OR=0.13, 95%CI 0.03-0.60, P=0.009), and PD (OR=0.03, 95%

CI 0.00-0.37, P=0.005) were less likely to achieve nodal pCR than

those who achieved CR. After completion of NAC, patients with

lymph node reduction in short diameter ≥50% showed the

highest possibility to achieve nodal pCR (OR=2.47, 95%CI

1.30-4.67, P=0.006), while patients with greater cortical

thickness (OR=0.83, 95%CI 0.74-0.93, P=0.001) and hilum

completely obliterated (OR=0.09, 95%CI 0.02-0.45, P=0.003)

compared to hilum preservation were less likely to achieve

nodal pCR.
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TABLE 1 Baseline characteristics for the training set and the validation set.

characteristics Training set Validation set

ypN0
n=65

ypN+
n=131

P ypN0
n=4

ypN+
n=57

P

Age (mean ± SD) 49.63 ± 11.14 50.08 ± 11.73 0.796 51.70 ± 13.17 51.56 ± 12.28 0.958

Palpable node 0.917 0.891

No 12 (18.5%) 25 (19.1%) 8 (18.6%) 10 (17.5%)

Yes 51 (81.5%) 106 (80.9%) 35 (81.4%) 47 (82.5%)

cT 0.483 0.873

1 12 (18.8%) 26 (19.8%) 9 (21.4%) 10 (17.9%)

2 44 (68.8%) 76 (58.0%) 25 (59.5%) 37 (66.1%)

3 4 (6.3%) 19 (14.5%) 3 (7.1%) 5 (8.9%)

4 3 (4.7%) 8 (6.1%) 3 (7.1%) 3 (5.4%)

x 1 (1.6%) 2 (1.5%) 2 (4.8%) 1 (1.8%)

cN 0.503 0.896

1 37 (56.9%) 65 (49.6%) 25 (58.2%) 31 (54.3%)

2 24 (36.9%) 51 (38.9%) 17 (39.5%) 23 (40.4%)

3 4 (6.2%) 15 (11.5%) 1 (2.3%) 3 (5.3%)

Histology 0.793 0.076

IDC 63 (96.9%) 126 (96.2%) 40 (93.0%) 57 (100.0%)

Others 2 (3.1%) 5 (3.8%) 3 (7.0%) 0 (0.0%)

Grade 0.734 0.838

I-II 19 (29.2%) 50 (38.2%) 12 (27.9%) 22 (38.6%)

III 27 (41.5%) 63 (48.1%) 18 (41.9%) 30 (52.6%)

NA 19 (29.2%) 18 (13.7%) 13 (30.2%) 5 (8.8%)

ER <0.001 0.034

Negative 39 (60.0%) 42 (42.3%) 25 (58.1%) 21 (36.8%)

Positive 26 (40.0%) 89 (57.7%) 18 (41.9%) 36 (63.2%)

PR 0.002 0.049

Negative 49 (75.0%) 68 (51.9%) 33 (76.7%) 33 (57.9%)

Positive 16 (25.0%) 63 (48.1%) 10 (23.3%) 24 (42.1%)

HER2 0.001 0.013

Negative 31 (47.7%) 94 (71.8%) 18 (41.9%) 38 (66.7%)

Positive 34 (52.3%) 37 (28.2%) 25 (58.1%) 19 (33.3%)

Molecular subtype 0.004 0.021

Luminal A 2 (3.1%) 8 (6.1%) 0 (0.0%) 4 (7.0%)

Luminal B 25 (38.5%) 81 (61.8%) 18 (41.9%) 32 (56.1%)

HER2 enriched 22 (33.8%) 21 (16.0%) 12 (27.9%) 11 (19.3%)

TNBC 16 (24.6%) 21 (16.0%) 13 (30.2%) 10 (17.5%)

Ki-67 0.270 0.109

< 14% 5 (7.7%) 17 (13.0%) 2 (4.7%) 8 (14.3%)

≥ 14% 60 (92.3%) 114 (87.0%) 41 (95.3%) 48 (85.7%)

NAC regimen 0.006 0.028

A containing 4 (33.3%) 8 (66.7%) 1 (33.3%) 2 (66.7%)

T containing 19 (57.6%) 14 (42.4%) 17 (65.4%) 9 (34.6%)

A+T 42 (27.8%) 109 (72.2%) 25 (35.2%) 46 (64.8%)

Neoadjuvant HER2-targeted therapy <0.001 0.048

No 34 (25.2%) 101 (74.8%) 21 (35.0%) 39 (65.0%)

Yes 31 (50.8%) 30 (49.2%) 22 (55.0%) 18 (45.0%)

(Continued)
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Nomogram development and validation

Clinical and US variables that were statistically significant

from multivariate analysis were included to construct a

nomogram predicting the probability of axillary pCR

(Figure 2A). For each patient, scores of neoadjuvant HER2-

targeted therapy, clinical response, hilum status after NAC,

cortical thickness after NAC, and reduction in short diameter

were added up for a total pCR score from 28 to 236. The greater

the pCR score, the more probable nodal pCR would

be achieved.

The predictive value of the pCR score was further tested

using ROC in both the training and validation set. The combined

clinical and US model showed the highest AUC of 0.799 (95%

CI: 0.723-0.876) in the training set, indicating the promising

predictive power for nodal pCR (Figure 2B). Compared to the

clinical-only model (AUC=0.699, 95% CI: 0.626-0.779), adding

changes of US features in the model could significantly improve
Frontiers in Oncology
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the diagnosis performance (0.799 vs. 0.699, P=0.001). The

improvement effect of US characteristics in the combined

model (AUC=0.764, 95% CI: 0.659-0.869) also confirmed in

the validation set of 100 patients (0.764 vs. 0.638, P=0.027)

compared to the clinical-only model (AUC=0.638, 95% CI:

0.560-0.769) as shown in Figure 2C. The calibration curves of

the nomograms are shown in Figure 2D for the training set and

Figure 2E for the validation set with 1000 steps bootstrap

resampling, illustrating good consistency between the

predicted result and actual probability.
Discussion

In this study, we developed a predictive model to identify

responders achieving axillary nodal pCR after NAC by

combining the clinical features and changes of US features in a

cohort of 296 primary node-positive breast cancer patients. Our
TABLE 1 Continued

characteristics Training set Validation set

ypN0
n=65

ypN+
n=131

P ypN0
n=4

ypN+
n=57

P

Clinical response 0.003 0.195

CR 10 (15.4%) 4 (3.1%) 5 (11.6%) 2 (3.5%)

PR 47 (72.3%) 93 (71.0%) 32 (74.4%) 39 (68.4%)

SD 7 (10.8%) 23 (17.6%) 5 (11.6%) 14 (24.6%)

PD 1 (1.5%) 11 (8.4%) 1 (2.3%) 2 (3.5%)
frontiersi
ypN0, nodal pathological complete response; ypN+, residual nodal disease; SD, standard deviation; IDC, infiltrating ductal carcinoma; NA, not available; ER, estrogen receptor; PR,
progesterone receptor; HER2, human epidermal growth factor 2; TNBC: triple negative breast cancer; A, anthracycline; T, taxanes; CR, complete response; PR, partial response; SD, stable
disease; PD, progressive disease.
TABLE 2 Ultrasound features of biopsy-confirmed metastatic axillary lymph node(s)a of the training set.

Baseline 2 cycles Completion

yPN0
n=65

yPN+
n=131

P ypN0
n=65

ypN+
n=13

P ypN0
n=65

yPN+
n=131

p

Long diameter (mm) 25.0 (17.7-32.8) 25.0 (18.1-32.0) 0.951 15.6 (12.0-22.9) 18.9 (13.2-28.0) 0.041 11.0 (6.8-16.7) 15.6 (9.6-21.3) 0.006

Short diameter (mm) 13.0 (10.0-17.1) 13.0 (9.5-17.0) 0.831 7.3 (5.5-10.0) 9.0 (6.5-11.4) 0.013 5.3 (3.4-7.2) 7.1 (4.8-9.3) 0.001

Cortical thickness (mm) 7.9 (5.9-10.8) 8.5 (5.5-11.2) 0.835 4.2 (3.1-6.2) 5.4 (3.6-7.1) 0.011 3.0 (0.7-4.1) 3.6 (2.6-5.5) 0.005

Vascularity* 0.535 0.739 0.052

Rare 20 (30.8%) 44 (33.6%) 31 (48.4%) 65 (49.6%) 33 (63.5%) 60 (51.3%)

Minimal 39 (60.0%) 69 (52.7%) 26 (40.6%) 48 (36.6%) 18 (34.6%) 44 (37.6%)

Abundant 6 (9.2%) 18 (13.7%) 7 (11.0%) 18 (13.7%) 1 (1.9%) 13 (11.1%)

Hilum* 0.486 0.270 0.005

Preserved 30 (46.2%) 56 (42.7%) 35 (54.7%) 56 (42.7%) 34 (65.4%) 54 (46.2%)

Partially preserved 17 (26.2%) 45 (34.4%) 13 (20.3%) 37 (28.2%) 16 (30.8%) 35 (29.9%)

Completely obliterated 18 (27.7%) 30 (22.9%) 16 (25.0%) 38 (29.0%) 2 (3.8%) 28 (23.9%)
aThe largest reported node on ultrasound was chosen as the target lesion.
*One patient achieved nodal pCR during NAC; twenty-seven patients achieved nodal pCR after NAC.
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model including neoadjuvant HER2-targeted therapy, clinical

response, cortical thickness after completion of NAC, hilum

status, and reduction in short diameter ≥50% after completion of

NAC showed better predictive capability compared to the
Frontiers in Oncology
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clinical-alone model. To our knowledge, the current study is

the first to combine clinical features and changes of axillary US

imaging during NAC to predict the probability of axillary nodal

pCR in primary node-positive patients.
TABLE 3 Changes of ultrasound features for biopsy-confirmed metastatic axillary lymph node during NACa in the training set.

Characteristics All
n=196

yPN0
n=65

yPN+
n=131

P

After 2 cycles of NAC

Reduction in long diameter b 0.076

< 30% 134 (68.4%) 39 (60.0%) 95 (72.5%)

≥ 30% 62 (31.6%) 26 (40.0%) 36 (27.5%)

Reduction in short diameter 0.077

< 30% 102 (52.0%) 28 (43.1%) 74 (56.5%)

≥ 30% 94 (48.0%) 47 (56.9%) 57 (43.5%)

Reduction in cortical thickness 0.034

< 30% 81 (41.3%) 20 (30.8%) 61 (46.6%)

≥ 30% 115 (58.7%) 45 (69.2%) 70 (53.4%)

After completion of NAC

Reduction in long diameter c 0.091

< 50% 116 (59.2%) 33 (50.8%) 83 (63.4%)

≥ 50% 80 (40.8%) 32 (49.2%) 48 (36.6%)

Reduction in short diameter <0.001

< 50% 96 (49.0%) 20 (30.8%) 76 (58.0%)

≥ 50% 100 (51.0%) 45 (69.2%) 55 (42.0%)

Reduction in cortical thickness <0.001

< 50% 82 (41.8%) 15 (23.1%) 67 (51.1%)

≥ 50% 114 (58.2%) 50 (76.9%) 64 (48.9%)
frontiers
aThe largest reported node on ultrasound was chosen as the target lesion.
bChange compared to baseline. The cut-off of 30% was set according to the RECIST 1.1 criteria, where a reduction of 30% in diameter was considered partial response.
cChange compared to baseline. The cut-off of 50% was set according to the RECIST 1.1 criteria, where a reduction of 30% in diameter was considered partial response, 50% referred to a
reduction of 30% in diameter after two cycles of NAC, and another reduction of 30% in diameter compared to two-cycle after completion of NAC (1-0.7*0.7 = 0.51).
FIGURE 1

Results from multivariate logistic regression analysis of different variables predicting axillary pCR in the training set (N=196).
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Clinical factors including neoadjuvant HER2-targeted

therapy and clinical response have been commonly reported to

be related to axillary nodal pCR. As expected, patients receiving

neoadjuvant HER2-targeted therapy were more likely to achieve

nodal pCR (28, 29). Among patients who achieved clinical CR,

60%-68% achieved nodal pCR (30, 31). Our results showed the

71% nodal pCR rate in clinical CR patients, which was consistent
Frontiers in Oncology
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with the previous studies. The predicted accuracy using only

clinical features of our study was in average with an AUC of

0.699, comparable with a previous study ranging from 0.649 to

0.835 (30–32).

Regarding US features, cortical thickness and complete

obliteration of hilum after completion of NAC were found to

be related to axillary pCR. High frequency linear array US could
A

B

D E

C

FIGURE 2

A nomogram for predicting the probability of axillary pCR (A). Variables including neoadjuvant HER2-targeted therapy, clinical response, reduction
in short diameter after NAC, hilum after NAC, and cortical thickness after NAC were assigned with points value. A total point added with these
variables’ points indicated the probability of axillary pCR. The vertical lines between five variables and the first row can be added as a total point, the
probability of axillary pCR can be finally obtained by drawing a vertical line between total points and the final row. Receiver operating characteristic
curves (ROCs) of the clinical features and both clinical and US features for the prediction model in the training set (B), P=0.001) and in the validation
set (C), P=0.027). Calibration curve of the nomogram predicting axillary pCR after neoadjuvant chemotherapy of the training set (D) and the
validation set (E).
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evaluate LNs structure such as cortex, medulla, and hilum (33).

Tumor cell infiltration in LNs could cause cortical thickening,

finally efface the hilum, and obscure the visualization of the

hilum (16, 33). Cortical thickness can be measured as an

objective and quantitative variable while status of hilum always

described as a qualitative variable. Previous studies have

reported that cortical thickness >3 mm after NAC is the

strongest independent predictor of axillary node metastasis

with an OR of 46.754 (P=0.000) (34). Akissue used cortical

thickness as a continuous variable and found that longer cortical

thickness was more likely to have axillary node metastasis

(OR=1.84, P=0.005) (35). Our study corroborated these

findings; longer cortical thickness was more less likely to

achieve nodal pCR (OR=0.83, P=0.001). The absence of hilum

as a later change of cortical thicken also considered to be a

marker for LN metastasis. The presence of hilum was proven to

be significantly associated with nodal pCR (OR=2.94, P=0.001)

by Huong T (16). Won Hwa kim also proved that the absence of

hilum was a strong predictor for lymph node metastasis

(OR=14.06, P=0.002) (17). This result was also verified in our

study; complete obliteration of hilum had the lowest OR of 0.09

(P=0.003) for axillary nodal pCR.

Several studies have proven that primary tumor size or tumor

size change after NAC as independent characteristics associated

with lymph node metastasis, indicating lymph node status as an

indicator of the tumor spreading ability (12, 13, 17, 35). However,

in biopsy-proven node-positive patients receiving NAC, few

studies focused on the response of the lymph node itself during

treatment. According to the RECIST 1.1 guideline, tumor

response to treatment requires the assessment of reduction in

the long diameter of the target lesions, while in the lymph node,

short diameter was considered more reproducible rather than long

diameter (36). Therefore, we intended to investigate the changes

of lymph node US features. Our results indicated that reduction in

short diameter ≥50% after NAC had an OR of 2.47 (P=0.006) for

axillary nodal pCR.

This study aimed to evaluate the changes of axillary lymph

node in order to predict axillary nodal pCR in the clinically

node-positive population. US monitoring of axilla before, after

two cycles, and after completion of NAC was also obtained in

this current study. With the help of US techniques, nodal

features can be obtained before surgery in a non-invasive, low

cost, and time-saving way. Moreover, US enables us to monitor

the axilla continuously at different time points of NAC,

providing dynamic observation of nodal response to

treatment. This concise nomogram combining the clinical and

changes of US features would provide an accurate and

personalized evaluation to select potential candidates who may

be exempt from ALND.

There are several limitations in our study. First, this was a

retrospective study which enrolled patients in a single

institution. Only a limited number of patients who completed

three US examinations before, during, and after NAC were
Frontiers in Oncology
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included, leading to possible selection bias. Therefore,

further prospective multicenter validations in larger

populations are needed to verify our conclusions. Second, the

largest suspicious reported node on US was chosen as the target

lesion. Without special marking, the observed lymph node may

not necessarily be the same, which may lead to a decrease in

accuracy of our research. In our future work, we would trace the

US change of lymph nodes during treatment by using potential

special marking technology before NAC initiation to loce the

biopsy-proven positive lymph node.

In conclusion, ultrasound feature changes during NAC

could improve the accuracy of predicting node response after

NAC in clinically node-positive breast cancer patients,

indicating continuous US monitoring of tumor response as

well as axillary lymph node feature changes would help us

identify candidate patients to receive potential axilla de-

escalation treatment after completion of NAC.
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Introduction: In the past decade, a new technique derived from full-field digital
mammography has been developed, named contrast-enhanced spectral
mammography (CESM). The aim of this study was to define the association between
CESM findings and usual prognostic factors, such as estrogen receptors, progesterone
receptors, HER2, and Ki67, in order to offer an updated overview of the state of the art for
the early differential diagnosis of breast cancer and following personalized treatments.

Materials andMethods: According to the PRISMA guidelines, two electronic databases
(PubMed and Scopus) were investigated, using the following keywords: breast cancer
AND (CESM OR contrast enhanced spectral mammography OR contrast enhanced dual
energy mammography) AND (receptors OR prognostic factors OR HER2 OR
progesterone OR estrogen OR Ki67). The search was concluded in August 2021. No
restriction was applied to publication dates.

Results: We obtained 28 articles from the research in PubMed and 114 articles from
Scopus. After the removal of six replicas that were counted only once, out of 136 articles,
37 articles were reviews. Eight articles alone have tackled the relation between CESM
imaging and ER, PR, HER2, and Ki67. When comparing radiological characterization of
the lesions obtained by either CESM or contrast-enhanced MRI, they have a similar
association with the proliferation of tumoral cells, as expressed by Ki-67. In CESM-
enhanced lesions, the expression was found to be 100% for ER and 77.4% for PR, while
moderate or high HER2 positivity was found in lesions with non-mass enhancement and
with mass closely associated with a non-mass enhancement component. Conversely, the
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non-enhancing breast cancer lesions were not associated with any prognostic factor,
such as ER, PR, HER2, and Ki67, which may be associated with the probability of
showing enhancement. Radiomics on CESM images has the potential for non-invasive
characterization of potentially heterogeneous tumors with different hormone receptor
status.

Conclusions: CESM enhancement is associated with the proliferation of tumoral cells, as
well as to the expression of estrogen and progesterone receptors. As CESM is a relatively
young imaging technique, a few related works were found; this may be due to the “off-
label”modality. In the next few years, the role of CESM in breast cancer diagnostics will be
more thoroughly investigated.
Keywords: breast cancer: mammography, contrast-enhanced spectral mammography, HER2, progesterone,
estrogen, Ki67
INTRODUCTION

Breast cancer is the first cause of death in the female population
in western countries (1). Early diagnosis and treatment have led
to an increase in survival rate and better clinical outcome of
women affected by breast cancer. However, up to 50% of patients
may experience the relapse. Therefore, early identification of
women at high risk of recurrence or who may benefit from
treatment adjuvant setting is needed (2). Prognostic factors are
essential to estimating individual patient risk of developing
clinically silent micro-metastatic diseases and to determining
patient eligibility for postsurgical systemic adjuvant therapy (3).
The immunohistochemical prognostic factors that are assessed in
order to plan a surgical and medical treatment for breast cancer
are estrogen receptors (ER), progesterone receptors (PR), and
epidermal growth factor (HER-2) (4). These factors, assessed on
biopsy or surgical specimens, have permitted a classification in
subtypes of breast cancer and a fine personalization of the
treatment, thus tailoring the treatment in single cases. In
addition to the abovementioned factors, also nuclear protein
Ki-67 may influence the prognosis of the disease (5). Lastly, the
histological grade is assessed in the diagnostic process (6) and
used in the prognosis evaluation.

In mammography, breast cancer may not be identified due to
the low difference between tumoral and background tissue x-ray
attenuation (7), and to overcome this limit, during the past years,
several studies have aimed at providing aid to physicians in the
imaging analysis process, resulting in automated software able to
improve sensitivity and specificity of diagnostic performances
(8–10). Moreover, artificial intelligence (AI) has been applied to
mammography and other imaging methodologies in cancer
diagnosis, characterization, prognosis, and prediction of
therapy outcome (11).

A recent diagnostic tool, with an improved background
subtraction procedure, is the contrast-enhanced spectral
mammography (CESM), a new technique derived from full-field
digital mammography. CESM includes the administration of an
iodine-based contrast material and the performance of low- (28–32
kV) and high-energy (45–49 kV) consecutive exposures to reveal
2177
areas of increased blood supply within the breast. In post-
processing, these exposures are mutually subtracted in order to
create a contrast-enhanced image and detect tumor vascularity (7).
An image is acquired before contrast injection, and two more
images are acquired about 2 min after contrast injection, one at low
and the other at high energy. Postinjection images are combined in
a single image that minimizes the appearance of breast tissue and
increases the signal of an iodinated contrast agent (enhancement)
(12). Recently, CESM has been becoming a valuable tool in the
diagnosis and staging of primary breast cancer. It improves the
diagnostic accuracy of mammography, providing a more accurate
tumor sizing and the identification of multifocal diseases (13).
Indeed, CESM improves the sensitivity for breast cancer detection
without decreasing specificity, since it provides higher contrast and
better lesion delineation as well as a better evaluation of lesion size
and detects more multifocal breast cancers, than mammography
alone or combined with ultrasonography (14–17). Similarly to
breast magnetic resonance imaging (MRI), which is considered the
gold standard in the assessment of tumor, the findings obtained
with CESM examination suggest that it should be considered a
useful tool in the evaluation of disease extension. As a matter of
fact, both CESM and MRI may also evaluate tumor response
during neoadjuvant chemotherapy (NAC), which, reducing tumor
volume and metastasis occurrence, increases the probability of a
positive response to breast-conserving surgery, to be used instead of
mastectomy, and of a high survival rate in advanced breast
cancer (18).

The aim of this study was to define the association between
CESM findings and prognostic factors, such as ER, PR, HER2,
and Ki67, with the aim to offer an updated overview of state of
the art for the early differential diagnosis of breast cancer and the
following personalized treatments. In this framework, we
performed a systematic review of the literature.
MATERIALS AND METHODS

According to the PRISMA guidelines (19), two electronic databases
(PubMed and Scopus) were used to perform the literature
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investigation, using the following keywords: breast cancer AND
(CESM OR contrast enhanced spectral mammography OR
contrast enhanced dual energy mammography) AND (receptors
OR prognostic factors OR her2 OR progesterone OR estrogen OR
Ki67). The search was concluded in August 2021. No restriction
was applied to publication dates.

First, we identified all documents in both databases. After
identifying existing studies, we cross-checked all the collected
articles to avoid duplicates. Abstracts were examined carefully,
and the following exclusion criteria were applied: not a research
article (e.g., review, book chapter, conference report, case report,
meta-analysis), articles written in languages other than English,
and articles investigating diagnostic methodologies other than
CESM or not investigating prognostic factors. The flowchart of
article selection is shown in Figure 1.

To assess the scientific quality of the studies included in our
review and any possible source of bias, we prepared a checklist
of questions in accordance with QUADAS guidelines (20).
The overall procedure was carried out by two investigators
(FV, ST).
RESULTS

We obtained 28 articles from the research in PubMed and 114
articles from Scopus. After the removal of six replicas that were
counted only once, out of 136 articles, 37 articles were reviews
and were removed. The abstracts of the remaining 99 articles
were inspected to verify conformity to exclusion criteria: 2
articles were case reports, 3 were written in a non-English
language, 14 did not include prognostic factors, 44 did not
include CESM, 12 used prognostic factors as diagnostic
characterization, 13 were book chapters, 1 was a conference
report, 1 was a note, and 1 was a meta-analysis. Finally, eight
articles tackled the relation between CESM imaging and ER, PR,
HER2, and Ki67. Among the eight articles admissible for the
following analysis, the relation between CESM and prognostic
factors was investigated with CESM-MRI comparison (two
articles), with CESM enhancement (three articles), and with
radiomic analysis of CESM enhancement (three articles).

Since CESM is a recent diagnostic technique, articles
investigating how CESM may provide clinical information on
biological prognostic factors date back to the last 2 years.

CESM MRI Comparison
CESM is often compared to MRI to test its utility in tumor
diagnosis, and indeed, enhancement patterns were moderately in
agreement between the two techniques (21). CESM may produce
an enhancement intensity weaker in the ER-positive group than
in the ER-negative group, as well as weaker in the PR-positive
group than in the PR-negative group, and stronger in the HER-2-
positive group than in the HER-2-negative group (21). Further,
when comparing radiological characterization of the lesions
obtained by either CESM or contrast-enhanced MRI, they have
a similar association with the proliferation of tumoral cells, as
expressed by Ki-67 (22). However, the authors do not describe if
Frontiers in Oncology | www.frontiersin.org 3178
there are any differences between CESM and MRI in
differentiating hormonal receptor status.

CESM Enhancement
In CESM-enhanced lesions, the expression was found to be 100%
for ER and 77.4% for PR, while moderate or high HER2 positivity
was found in lesions with non-mass enhancement and with mass
closely associated with a non-mass enhancement component
(23). Further, via CESM enhancement, neoplasms larger than 5
mm, with a high proliferative index and frequently HER2-
positive, are recognized (24). Conversely, the non-enhancing
breast cancer lesions were not associated with any prognostic
factor, such as status of ER and/or PR, HER2 expression and/or
amplification, and percentage of Ki67, which might be associated
with the probability of showing enhancement (25).

Radiomic Analysis
Nowadays, one of the cutting-edge methods for image analysis is
based on radiomics. For non-invasively assessing the hormone
receptor status, other than tumor invasiveness and grade,
radiomic features were derived from the first-order histogram
of primary breast cancer lesions contoured on both CESM and
MRI images and the two techniques resulted to be alternative in
the assessment of hormone receptor status (26). Further,
radiomics on CESM images showed the potential for the non-
invasive characterization of heterogeneous tumors with different
hormone receptor statuses (27). Lastly, radiomic features may
predict histological outcomes and molecular subtypes via
discriminating lesions with a positive or negative expression of
hormonal receptors, and being associated with HER2. In
part icular , in an immunohistochemical s tudy, the
performances for discriminating positive versus negative
expressions were 90.87% for HER2 positive versus HER2
negative, 83.79% for ER positive versus ER negative, and
84.80% for Ki67 positive versus Ki67 negative (28). The list of
the final articles and their relationship with biologic prognostic
factors is summarized in Table 1.

Quality Assessment
The Quadas-2 survey showed that the articles considered in the
analysis were at risk of bias, especially for what concerns the
study tests conducted in each research. Indeed, at the time of
the radiological evaluation the investigators, i.e., the radiologists,
were aware of the results of the histological test, in all studies
with the exception of one study, who performed a blinded
histological analysis (22). However, all articles referred to a
proper reference test, i.e., definitive histology or diagnostic
biopsy. Further, four articles were biased in patient selection,
because they removed either patients with a tumor not easily
identifiable, such as that with suspicious but not contrast-
enhancing lesions (27), or patients with post-histology edema
or not willing to undergo CESM (25), or because they did not
clarify whether patients have mono- or multifocal diseases (21,
22). Lastly, one article alone was at risk of flow bias, because of
using both definitive histology and diagnostic biopsy as standard
reference (21). The Quadas-2 survey is shown in Table 2.
July 2022 | Volume 12 | Article 859838
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DISCUSSION

CESM is a very young modality recently introduced in the breast
imaging scenario; therefore, the eligible articles found on our
research were not older than 2 years. CESM shows considerable
promise as the primary imaging test in symptomatic patients,
providing improved diagnostic and staging information at the
first evaluation.

Prognostic Factors
Prognostic factors are correlated with patient prognosis and
allow important information about the efficacy of antitumoral
treatment. Literature demonstrated that proliferative activity
indicator (Ki67), HER-2, and hormonal receptor, such as ER
and PR, statuses are important in treatment choice and that they
have prognostic value in predicting pathological response and
clinical outcome (29). As a matter of fact, HER-2 status
represents a solid prognostic factor that predicts the response
to trastuzumab alone or associated with pertuzumab treatment
in locally advanced or early disease therapy (30). Also,
determination of ER and PR status is crucial as their
expression on the tumor cellular surface is related to a good
response to endocrine therapy in both neoadjuvant and adjuvant
therapy (30).

Among the biomarkers used to define tumor aggressiveness,
Ki67, HER-2, ER, and PR are quantitative values. On the
contrary, grading, which is used as well to define tumor
aggressiveness, is a qualitative biomarker; therefore, we rather
Frontiers in Oncology | www.frontiersin.org 4179
avoided to include it as an investigated prognostic factor in
this study.

Comparison Between CESM and MRI and
the Association With Prognostic Factors
CESM is a recent tool for diagnostic imaging that, although it
uses ionizing radiations thus presenting some limitations in
terms of radioprotection (7), may overtake the use of MRI in
breast cancer monitoring, since it is more accessible, cheaper,
faster, and more tolerated by patients (31), while maintaining
performance equivalent to MRI and improving specificity (7, 17).
As a matter of fact, the promising results of diagnostic
performance could suggest CESM to be a valid alternative for
patients who are not eligible for MRI. As a matter of fact, CESM
and breast MRI similarly detect physiological, benign
background parenchymal enhancement, which may be
significantly associated with menopausal status, radiation
therapy, hormonal treatment, and breast density and that
rarely causes diagnostic issues if showing a bilateral,
symmetrical appearance (32, 33). At the same time, the
background parenchymal enhancement on MRI is considered
a biomarker for increased risk of breast malignancy, while it is
not known if the same holds true for CESM (34, 35).

Indeed, CESM and MRI show similar enhancement patterns
(21) and a similar association with the proliferation of tumoral
cells (22). The equivalence of CESM and MRI might rise from
tumor vascularization, which is a crucial feature observed by
both diagnostic modalities and is influenced by Ki67.
FIGURE 1 | Flowchart of article selection. The procedure to identify suitable articles to be included in the systematic review was performed following PRISMA
guidelines and schematized in the figure. From database search, we identified 28 articles in PubMed and 114 in Scopus, with a total of 142 records. Six of the
retrieved articles were duplicated across the two databases; therefore, we further investigated 136 articles. Out of those, 37 articles were reviews and, after abstract
examination, 99 more articl es were excluded, because they were case reports (2), were written in no English language (3), did not include prognostic factors (14),
did not include CESM (44), used prognostic factors as diagnostic characterization (12), were book chapters (13), were conference reports (1), were notes (1), and
were meta-analyses (1). Finally, eight records were assessed to be eligible. Specifically, three articles addressed CESM enhancement, two articles compared CESM
and MRI, and three articles investigated radiomic analysis of CESM images.
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A necessary step to include CESM in everyday clinical
practice will be the standardization of diagnostic criteria. Given
the similarity of the basic principles of lesion blood supply of the
two modalities, MRI morphology descriptors have been already
investigated and used to characterize lesions on CESM (36);
however, more studies are needed to finalize the use of these
descriptors in CESM image evaluation.

As in any imaging modality, patient motion may affect image
quality. Due to the simultaneous acquisition of low-energy and
high-energy images, the length of each exposure with CESM is
longer than a standard full-field digital mammography,
Frontiers in Oncology | www.frontiersin.org 5180
increasing the possibility of motion. However, the examination
time of CESM is still shorter than the second-level examination
MRI, reducing the risk of motion artifacts. Moreover, to instruct
well the patient to hold as still as possible during the exposure is
fundamental to reducing the possibility of motion (37).

CESM Enhancement and Prognostic
Factors
CESM combines an iodinated contrast agent with the standard
mammographic technique to improve lesion detectability. Since
the growth of tumors is accompanied by angiogenesis, CESM
TABLE 1 | Characteristics of articles investigating the relationship between dual-energy contrast enhanced spectral mammography (CESM) and biologic prognostic
factors.

Study Participants Standard
references

Hormonal
prognostic

factor

Analysis technique Radiological feature Results

(23) 31 women
(mean age
57.1 years;
range 41–78)

Definitive
histology

ER
PR
HER2
Ki67

CESM-histology
agreement in lesion
size measurement

Focus, ME and NME, and
diameter

The totality of the lesions had a receptor positivity to
estrogens. NME is associated with HER2 positivity:

(25) 348 women
(mean age
60.1 years;
11.93 years;
range 37–88)

Definitive
histology

ER
PR
HER2
Ki67

CESM enhancement
at lesion site

CESM enhancement HER2 negative molecular subtype associated with
higher probability of enhancement.
False negative lesions are not associated with hormonal
status

(24) 34 women
(median age
53.9 years,
8.5 years)

Definitive
histology

ER
PR
HER2
Ki67

Manually contoured
lesions

CESM enhancement at
calcification site

Association between enhancement and expression of
Ki-67, HER-2; ER, PG

(28) 52 women
(median age
50 years;
1st quartile
45.75, 3rd
60.25 years;
range 37–80)

Diagnostic
biopsy

ER
PR
HER2
Ki67

Radiomics of
manually outlined
ROIs

Mean, VC, difference between
max and min gray level, SK,
EN, RS and kurtosis.

Multivariate analysis of the histogram features can
discriminate lesions with positive ER, PG, and Ki67 from
lesions with negative ER, PG, and Ki67

(21) 131 women
(mean age 42
years;
range 18–77)

Diagnostic
biopsy or
definitive
histology

ER
PR
HER2

CNR and relative
signal difference

CESM enhancements Enhancement of ER positive lesions < ER negative
lesions.
Enhancement of PR positive lesions < PR negative
lesions.
Enhancement of HER 2 positive lesions > HER2
negative lesions.

(26) 48 women
(mean age
50.7 ± 8
years;
range 38–74)

Diagnostic
biopsy

ER
PR
HER2

Radiomics
of manually
contoured lesions

COM, RLM, GRA, ARM, WAV,
GEO.

HR positivity and HR negativity differentiation accuracy
observed.

(27) 100 women
(mean age
51.5 years;
12 years;
range 25-79)

Definitive
histology

ER
PR
HER2

Radiomics
of manually
contoured lesions

HIS, COM, RLM, WAV. HR positivity and HR negativity differentiation accuracy.
HER2 positivity/HR negativity and HER2 negativity/HR
positivity differentiation accuracy.
Triple-negative and triple-positive differentiation
accuracy.

(22) 100 women
(range 42–
80; median
58; 10.2)

Diagnostic
biopsy for
benign lesions
Definitive
histology for
malignant
lesions

ER
PR
HER2
Ki6

CESM enhancement BI-RADS classification Ki-67 correlation with CESM BIRADS.
ER, estrogen receptors; PR, progesterone receptors; HER2, epidermal growth factor; CESM, contrast-enhanced spectral mammography; ME, mass enhancement; NME, non-mass
enhancement; ROI, region of interest; CNR, contrast noise ratio; COM, co-occurrence matrix; RLM, run-length matrix; GRA, absolute gradient; ARM, autoregressive model; WAV, discrete
Haar wavelet transform; GEO, lesion geometry; MI, mutual information; VC, variation coefficient; SK, skewness; EN, entropy; RS, relative smoothness; BI-RADS, Breast Imaging Report
and Data System.
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permits to assess the enhancement related to the neovascularity
of breast cancers, allowing a functional characterization in
addition to the morphological features provided by structural
images (16).

In literature, CESM-enhancing lesions have been associated
with higher levels of prognostic factors, such as ER, PR, and
HER2 (23, 24). On the other hand, non-enhancing lesions have
been found not to relate to prognostic factors (25). Indeed,
tumors have a higher enhancement compared to normal tissue
due to the increase in vascularization, which in turn is associated
with different tumor characteristics and therefore different
expressions of prognostic factors.

CESM-Based Radiomic Analysis and
Prognostic Factors
Feature extraction in radiomics is typically realized by means of
pattern recognition algorithms and provides, as a result, a set of
numbers, each one representing a quantitative description of a
specific either geometric or physical property of the image
portion under consideration. In oncological applications,
examples of features are tumor size, shape, intensity, and
texture, collectively providing a comprehensive tumor
characterization, called the radiomics signature of the tumor
(38). From an epistemological perspective, radiomics is based on
the hypothesis that the extracted features reflect mechanisms
occurring at genetic and molecular levels (39) and may reveal the
relationship of tumor lesion surfaces with prognostic factor
expression. The potential of radiomics applied on breast
imaging has been investigated recently, and studies have
already demonstrated the additive value of radiomics on MRI
in breast cancer evaluation and prognosis (40, 41). Indeed,
radiomics on CESM images might assess hormone receptor
status (26) and characterize the related heterogeneous tumors
(27), as well as predict histological outcomes and molecular
subtypes associated with hormone receptors’ expression (28). As
a matter of fact, radiomics arises from the analysis of cell
morphology, which may be influenced by the expression of the
different receptors on the cell surface of the different tumors, thus
permitting to differentiate the receptor status starting
from imaging.

Radiomics could also contribute to differentiating benign
from malignant enhancement in complicated cases, as in
patients with high background parenchymal enhancement or
Frontiers in Oncology | www.frontiersin.org 6181
low vascularized lesions, that may have a high risk for
underestimation or even overestimation of the lesion (42), and
to predicting response to NAC (43).

Literature
The articles included are all published in the last 2 years, and
none of them was blinded, except that of Petrillo et al. (22).
Nevertheless, this bias did not invalidate the articles, as the goal
of these studies was to find a relationship between imaging
features and prognostic factors, not just detecting a tumor.
Indeed, knowing the histological subtypes was part of patients’
preliminary information needed to obtain a sample of patients
with heterogeneous radiologic patterns. Conversely,
homogeneous histologic analysis was crucial in order to obtain
consistent results among patients, and in one article the authors
did not grant this consistency.

Only eight articles investigated the association between
CESM imaging and prognostic factors, suggesting that the
use of this technique in cancer prognosis and monitoring is
still to be deeply investigated. Indeed, the modality is relatively
young and large data pools are required to get strong results on
this topic.
CONCLUSION

CESM is a relatively young diagnostic tool, and our review showed
its potential on finding a precise imaging semeiotic, thanks to its
association with prognostic factors, in order to provide patients
with the most accurate pre-therapy and surgery evaluation. In this
review, CESM enhancement showed an association with the
proliferation of tumoral cells, as well as the expression of
estrogen and progesterone receptors, although there is not a
certain correlation between specific patterns of enhancement
and prognostic factor outlines. Future studies might investigate
CESM’s ability in identifying ER/PR positivity and HER2
positivity/amplification, as, so far, they have not been
investigated. Moreover, even if recent studies have investigated
the radiomic application on CESM (26, 28), more results are
requested to enforce these promising applications.

As CESM is a relatively young imaging technique, literature
shows a few related works, often suffering from bias risk, and this
is certainly due to the “off-label” use in clinical practice. The role
TABLE 2 | QUADAS2.

Bias risk Applicability issue

Patient selection Study test Standard reference Timing and flow Patient selection Study test Standard reference

(23) YES NO YES YES YES YES YES
(25) NO NO YES YES NO YES YES
(24) YES NO YES YES YES YES YES
(26) YES NO YES YES YES YES YES
(27) NO NO YES YES YES YES YES
(21) NO NO YES NO YES YES YES
(28) YES NO YES YES YES YES YES
(22) NO YES YES YES YES YES YES
J
uly 2022 | Volum
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of CESM in breast cancer diagnostics will be further investigated,
and radiomics studies will provide further predictive and
prognostic information on the clinical impact of this technique.
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trastuzumab: A population-
based real world multicenter
cohort study
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Anna-Lotta Hallbeck2,4, Nils Elander1,2 and Olle Stål2

1Department of Oncology, Linköping University, Linköping, Sweden, 2Department of Biomedical
and Clinical Sciences, Linköping University, Linköping, Sweden, 3Department of Oncology,
Jönköping, Sweden, 4Department of Clinical Genetics, Linköping University, Linköping, Sweden
Introduction: Since its introduction in standard of care, trastuzumab has

revolutionized the treatment of patients with early and late stages of HER2-

positive breast cancer. While the initial clinical trials were convincing and lead

to major changes in practice, more knowledge on the long-term outcome and

tolerability is needed. The present study was designed to assess the survival,

prognostic factors and relapse patterns after the implementation of

trastuzumab in a real-world cohort.

Methods: All cases of HER2-positive breast cancer diagnosed between 2006 and

2014 in the Southeast Healthcare Region of Sweden were retrospectively

identified. Medical records were thoroughly reviewed with regard to

clinicopathological parameters, treatments, relapse pattern and adverse events.

Results: 643 patients were identified and 599 were eligible for analysis. Breast

cancer specific survival, distant recurrence free survival and local recurrence

free survival were 93.4%, 89.7% and 98.0% for trastuzumab treated patients and

87.4%, 81.6% and 87.4% in patients not treated with trastuzumab, respectively.

ER status, nodal status and trastuzumab treatment were all independent

prognostic factors in multivariable analysis. No new safety concerns were

discovered.

Conclusion: The real-world outcome of trastuzumab-treated patients with

early HER2-positive breast cancer is similar to what has been previously

reported in long-term follow up of prospective clinical trials. ER status, nodal
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status and trastuzumab treatment are independent prognostic factors for

breast cancer specific mortality rate, distant recurrence rate and locoregional

recurrence rate in HER2-positive patients in the trastuzumab era.
KEYWORDS

HER2, breast cancer, real-world evidence, adjuvant, trastuzumab (Herceptin),
prognostic factors
Introduction

Breast cancer is the most common malignancy in women,

each year affecting more than two million new individuals

around the world (1). Between 15 and 25 percent of all breast

cancers are classified as Human epidermal growth factor

receptor 2 (HER2) positive (2, 3). Reports of the incidence of

HER2-positive disease have varied and 2009, a Swedish study

showed a prevalence of 14.3% (4). HER2-is a trans membrane

tyrosine kinase receptor without any known ligands, that

through homo- and hetero-dimerization with other receptors

of the HER family initiate a signaling cascade resulting in

tumor cell proliferation and survival (5). HER2 has been

identified both as a negative prognostic factor and a

treatment predictive target for receptor specific drugs such as

the antibody trastuzumab. Since its introduction in standard of

care, trastuzumab has significantly improved the outcome of

patients with early and late stages of HER2-positive breast

cancer (6, 7). Several publications have reported similar

outcomes in real-world and randomized controlled trial

populations (8, 9). The optimistic long term prognosis for

stage I patients has led to de-escalation attempts in terms of the

adjuvant systemic therapy offered, including the trial by

Tolaney et al. where excellent outcome following paclitaxel

weekly in combination with trastuzumab was observed (10).

Nevertheless, a substantial proportion of patients with HER2-

positive disease will eventually experience locoregional or

systemic relapse. In order to potentiate the HER2 targeting

treatment, novel drugs and/or combinations of trastuzumab

and novel compounds have therefore been explored.

Pertuzumab, a monoclonal antibody binding to the HER2

subdomain II, thus inhibiting the heterodimerization of

HER2 and other receptors of the HER family, has proven

clinically beneficial when combined with trastuzumab (11–13).

While the combination of pertuzumab and trastuzumab has

been demonstrated to improve the pathological complete

response (pCR) rate in the neoadjuvant setting, the role of

the combination in adjuvant settings is still under debate (11,

13). On the other hand, the KATHERINE trial demonstrated

an additional value of the antibody-drug conjugate compound
02
185
trastuzumab emtansine for patients with residual disease

following neo-adjuvant chemotherapy (14). Furthermore, the

tyrosine kinase inhibitor neratinib, which inhibits HER1,

HER2 and HER4, were shown to improve long term

prognosis for patients with HER2-positive disease, in

particular for patients who had estrogen receptor (ER)

positive tumors (15).

Despite many treatment options available for patients

with HER2-positive breast cancer, there is still a need to

learn how to identify patients who benefit from additional

treatment. This is particularly important when results from

randomized controlled trials are implemented in standard of

care, where patients might be different in terms of age,

performance status and comorbidities to those who were

included in the clinical trials. Real-world follow ups are

important in this context, to help us evaluate current

treatment strategies and to identify groups of patients

where additional studies are necessary.

This study was designed in order to assess the real-world

treatment coverage and long-term outcome, including

prognostic parameters and recurrence patterns, of patients

treated with adjuvant trastuzumab in early stages of HER2-

positive breast cancer. All HER2-positive patients since the

introduction of adjuvant trastuzumab in the Southeast Health

Care Region of Sweden were retrospectively identified and

formed the study cohort. The cohort represents a true real-

world perspective, as the Scandinavian health care system

with public funded free of charge treatment ensures that all

citizens regardless of socio-economic status are offered

equal care.
Materials and methods

Study design and patients

A population based retrospective multicenter cohort study

in the Southeast Health Care Region of Sweden was designed. In

this region, systemic cancer therapy such as trastuzumab is

available at three public funded oncology departments located
frontiersin.org

https://doi.org/10.3389/fonc.2022.861324
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org


Ellegård et al. 10.3389/fonc.2022.861324
at the three major hospitals (Linköping, Kalmar, and

Jönköping). Approximately 1.1 million citizens live in the

region. Patients were identified via the national Swedish

cancer registry and by using local pathology department

databases to ensure the inclusion of all HER2-positive patients.

All female patients diagnosed with HER2-positive breast

cancer between 2006-01-01 and 2014-03-13 were included.

Exclusion criteria were male sex, stage IV disease, other

malignancy affecting treatment and follow up, and incomplete

data (e.g. missing medical records). HER2 status was determined

according to clinical routine using immunohistochemistry (IHC)

and/or fluorescent/chromogenic in situ hybridization (FISH/ISH).

HER2-positive tumors were defined as either IHC score of 3+ or

IHC score of 2+ in combination with confirmed amplification of

the HER2 encoding gene with FISH/ISH analysis. A majority of

patients received chemotherapy in addition to trastuzumab. The

predominant chemotherapy schedule included three cycles of

epirubicin, cyclophosphamide and fluorouracil every three weeks

followed by either three cycles of docetaxel every three weeks or

twelve cycles of weekly paclitaxel. Endocrine therapy was given to

ER-positive patients per clinical routine with tamoxifen or

aromatase inhibitor with or without GNRH-analogue depending

on themenopausal status. ER positivity was defined as per Swedish

clinical guidelines as ≥10% positive cells, measured with

immunohistochemistry. Local and locoregional radiotherapy

were given according to regional- and national guidelines.

Trastuzumab in combination with chemotherapy was

initially recommended only for lymph node positive patients.

However, this was changed early during the studied interval to

the current indication, which includes all patients with tumor

size larger than 5 mm with or without lymph node involvement.

Follow-up time was defined as the time from diagnosis until

death or loss to follow up. Loss to follow up was defined either as

the cutoff date of medical record review or the last date when

data of the patient were available in the medical records (e.g. due

to emigration).
Endpoints

Key endpoints were breast cancer-specific survival (BCSS),

distant recurrence-free survival (DRFS), and local recurrence-

free survival (LRFS). BCSS was defined as survival time from

diagnosis until death caused by breast cancer. BCSS rather than

overall survival was utilized in order to better reflect

trastuzumab’s anti-tumoral effect. This assumption was made

due to the retrospective nature of this study where patients not

treated with trastuzumab were expected to be older and have

more comorbidities, which could lead to an overestimation of

the effect of trastuzumab on survival. Censoring was made at loss

to follow up or death of other cause. DRFS was defined as the

time from diagnosis until first evidence of breast cancer distant

metastasis diagnosed either with radiology or cytology/histology.
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LRFS was defined as the time to local recurrence as diagnosed

with biopsy or clinical examination. Secondary endpoints were

clinicopathological prognostic factors, safety in terms of adverse

events and complications and relapse pattern.
Statistical analysis

Hazard ratios were calculated using univariate and

multivariable Cox regression. P-values <0.05 were considered

statistically significant. Survival was calculated using the Kaplan-

Meier method and significance was determined using the log-

rank test. In the Cox regression analysis age was used as a

continuous variable.

Pearsons Chi-square test was used to detect statistical

differences in distribution of clinical characteristics between

trastuzumab treated and untreated patients.

Fisher’s exact test, using a 2-sided alpha, was used to detect

statistical differences between metastatic sites due to the small

number of events.

For analysis of hazard ratio and survival related to nodal

status, subjects with four to nine positive nodes were combined

with those who had more than nine positive nodes due to few

patients in both groups. Similarly, and as the frequency of NHG

(Nottingham Histological Grade) I tumors was low, patients

with NHG I and II were merged and compared with NHG III in

all subgroup analyses. SPSS Statistics version 25 (IBM) was used

for Cox proportional hazard, Chi-square tests and Fisher’s exact

test. The R package in survminer was used to make Kaplan-

Meier curves with life tables and calculating log rank statistics.
Ethical consideration

This study was conducted according to the Helsinki

declaration and was approved by the Regional Ethical Review

Board in Linköping (original approval DNR M140-06, approved

amendments DNR 2014/163-32 and DNR 2020-05501). Based

on the retrospective non-interventional design, the Ethical

Review Board waived the need for informed consent.
Results

Study population and treatment data

During the study interval of 2006 – 2014, 643 patients were

diagnosed with HER2-positive breast cancer in the Southeast

health care region of Sweden. Following the exclusion of 44

patients who did not meet the inclusion criteria, 599 subjects

remained and formed the study population (Figure 1).

Median follow-up time in the total cohort was 6.8 years

(Range: 0.5-13.1 and 95% CI: 6.5-7.1).
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The proportion of patients receiving trastuzumab was

initially 52-57% in 2006-2008 but increased over time,

reaching a maximum of 82-88% in 2011-2013. Patients that

did not receive trastuzumab were significantly older, had

significantly less nodal involvement, significantly smaller

primary tumors, significantly lower tumor grade and did,

almost exclusively, not receive chemotherapy (Table 1).

During the studied interval, 94% (95% CI: 91.7-96.1%) of the

patients that received chemotherapy also received trastuzumab.

In 2006, 79.3% of the patients that received chemotherapy were

treated with trastuzumab. This proportion increased to 96% in

2009 and then remained above 95% for the rest of the

studied interval.

Trastuzumab was prematurely discontinued in 41 (9.4%) of

cases. The most common cause for treatment discontinuation

was heart toxicity (n=21, 4.8%). Other specified causes that led to

discontinuation of trastuzumab were allergic reactions (n=1,

0.2%), pain (n=2, 0.5%), pancreatitis (n=1, 0.2%), infection (n=1,

0.2%) and progressive disease (n=4, 0.9%) although in many

cases the cause was not clearly stated (n=11, 2.5%).
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Prognostic factors and events

5-year BCSS was 87.4% (95% CI; 82.3-92.0) in the cohort not

treated with trastuzumab and 93.4% (95% CI; 91.2-95.6) in the

trastuzumab-treated cohort. The 5-year DRFS was 81.6% (95%

CI; 76.5-86.7) in the cohort not treated with trastuzumab and

89.7% (95% CI; 87.1-92.3) in the trastuzumab-treated cohort.

The 5-year LRFS was 87.4% (95% CI; 82.7-92.0) in the cohort

not treated with trastuzumab and 98.0% (95% CI; 96.7-99.3) in

the trastuzumab-treated cohort. Kaplan-meier curves of survival

with regard to ER and nodal status are displayed in Figures 2, 3

for patients not treated with trastuzumab and Figures 4, 5 for

patients treated with trastuzumab. The five-year BCSS, DRFS

and LRFS are shown in Table 2.

Cox proportional hazard analysis revealed that trastuzumab

treatment, nodal status and ER-status were significant

prognostic factors for breast cancer specific mortality rate

(BCSMR), distance recurrance rate (DRR) and local recurrence

rate (LRR) when adjusted for age, grade and tumor size

(Table 3). The adjusted HR for presence vs absence of
FIGURE 1

Flow chart of study population.
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trastuzumab was improved with regard to all endpoints

reflecting the increased rate of unfavorable tumor

characteristics in the trastuzumab-treated cohort. Individual

Cox proportional hazard models were made for the

trastuzumab treated cohort and the cohort not treated with

trastuzumab respectively, where nodal status and ER status were

the only significant prognostic factors in both cohorts for

BCSMR and DRR although not for LRR where no single factor

retained its prognostic value (data not shown).
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Metastatic sites and metastatic pattern

Intotal,87(15%)patientsexperienceddistantrecurrenceduringthe

studied interval, 33 of which were in the cohort not treated with

trastuzumab and 54 in the trastuzumab treated cohort. The most

common metastatic sites were lung (n=41, 47%), liver (n=38, 44%)

andbone(n=36,41%)followedbybrain(n=29,33%)andskin(n=5,6%).

There were few differences regarding metastatic pattern

between the trastuzumab treated and untreated subgroups.
TABLE 1 Clinicopathological parameters.

No trastuzumab Trastuzumab

N (%) N (%) p-value

All patients 163 (100) 436 (100)

Age <30 1 (1) 5 (1) <0.0005

30–39 2 (1) 38 (9)

40–49 19 (12) 89 (20)

50–59 23 (14) 107 (25)

60–69 35 (22) 139 (32)

70–79 40 (25) 54 (12)

80+ 43 (26) 4 (1)

Neoadjuvant treatment No 157 (96) 385 (88) 0.003

Yes 6 (4) 51 (12)

Type of surgery Breast conserving 52 (32) 164 (38) 0.35

Mastectomy 111 (68) 271 (62)

Tumor size <21mm 85 (52) 203 (47) 0.67

21-50mm 60 (37) 167 (38)

>50mm 6 (4) 19 (4)

Missing 12 (7) 47 (11)

ER-status ER-negative 59 (36) 165 (38) 0.71

ER-positive 104 (64) 271 (62)

NHG NHG I 12 (7) 10 (2) 0.005

NHG II 64 (39) 139 (32)

NHG III 86 (53) 261 (60)

Missing 1 (1) 26 (6)

Nodal status 0 111 (68) 184 (42) <0.0005

1–3 27 (17) 113 (26)

≥4 17 (10) 83 (19)

Missing 8 (5) 56 (13)

Histological subtype Ductal 145 (95) 395 (93) 0.56

Lobular 3 (2) 16 (4)

Other 5 (3) 14 (3)

Chemotherapy Yes 26 (16) 420 (96) <0.0005

No 137 (84) 16 (4)

Radiotherapy Yes 81 (51) 348 (80) <0.0005

No 78 (49) 85 (20)

Missing 4 3
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Bold is used when numbers are statistically significant (p<0.05).
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Overall, 29 (4.8% (95% CI; 3.3-6.8)) patients were diagnosed with

brain metastasis during the studied interval, with no significant

difference between trastuzumab treated and untreated patients.

These 29 cases corresponded to 33.3% (95% CI; 24.1-43.7) of all

patients who experienced distant metastasis, still with no significant

difference between trastuzumab treated and untreated subjects (39%

(95%CI 27-52) vs. 28% (95%CI 12-40). However, at the time of the

first distant recurrence, brain metastases were significantly more

common in patients treated with trastuzumab (n=14, 26% (95% CI

16-50)) as compared to the patients not treated with trastuzumab

(n=2, 6% (95% CI 1-18)), p=0.023. No other significant differences

in metastatic pattern were observed (Table 4).

Forty six of 50 (92%) biopsy confirmed recurrent/metastatic

lesions (all locations combined) were HER2-positive. HER2-

negative recurrence occurred in three trastuzumab-treated

patients and in one patient not treated with trastuzumab.
Discussion

This population-based cohort study describes the long-

term outcome and relapse pattern in a real-world cohort
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covering all patients with early stages of HER2-positive

breast cancer, both those treated with trastuzumab in the

adjuvant setting and those who did not undergo such

treatment, under a period of eight years. The results

demonstrate that the long-term prognosis for patients treated

with trastuzumab is similar to what has been seen in early

clinical trials (16) as well as more recent studies with similarly

distributed patients such as the PERSEPHONE trial (17). The

main prognostic factors for breast cancer survival, distant

recurrence and locoregional recurrence were lymph node

status, ER-status, and trastuzumab treatment.

The proportion of patients with early stage HER2-positive

breast cancer undergoing adjuvant treatment with trastuzumab

was relatively low during the first years after the introduction, only

reaching 57% in 2006, which is somewhat lower than

corresponding data from the Netherlands (18) but slightly

higher than 50% that was reported from New Zeeland and

Australia (19). The proportion of patients receiving trastuzumab

increased over time, to a maximum of 88% (2011) and then

remained over 80% for the rest of the studied interval in this study.

The optimal percentage is difficult to determine due to the fact

that some patients with HER2-positive disease will not actually
B

C

A

FIGURE 2

ER-status in relation to BCSS (A), DRFS (B) and LRFS (C) respectively in patients that did not receive trastuzumab.
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benefit from the treatment or be suitable for it due to their health

status in general or various contraindications. It is likely to believe

that part of this change was attributable to changes in national and

international practice guidelines (20, 21), and to some extent it

might also reflect accumulated knowledge and clinical experience.

In addition, the prescription of adjuvant trastuzumab is closely

linked to the prescription of adjuvant chemotherapy, the latter

now being recommended and offered to a larger proportion of

patients due to more data regarding chemotherapy in elderly

patients (22). Notably, since 2009 more than 95% of the patients

undergoing adjuvant chemotherapy also underwent trastuzumab

treatment in parallel which is in line with current Swedish

national guidelines.

In accordance with early trials on the topic, brain

metastases were notably common as first metastatic lesion in

patients experiencing relapse under follow up (6). In the

present cohort, 25% of the patients who experienced relapse

after trastuzumab treatment presented with brain metastases,

which is in the upper range of what was previously reported

(23). However, brain metastases were common regardless of
Frontiers in Oncology 07
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trastuzumab treatment and overall brain recurrences did not

significantly differ between trastuzumab treated and untreated

patients. The high prevalence of brain metastases in patients

with metastatic disease is in line with previous data from our

group (24). These results further strengthen the current theory

that the increased number of brain metastases noted in early

trastuzumab trials is due to trastuzumab´s proportionally

higher effect on extracranial disease. We do believe that these

data suggest that metastatic screening of the brain is warranted

at the time of distant recurrence for patients with HER2-

positive breast cancer. Furthermore, the incidence of local

recurrences in patients treated with trastuzumab was low

(n=12, 3%) which is noteworthy as HER2-positive breast

cancer was associated with an increased risk of local

recurrence in the pre-trastuzumab era (25). These data are in

line with more recent publications regarding trastuzumab-

treated patients where local recurrences are reported in 2-4%

of the patients (26, 27).

Adverse events attributed to trastuzumab were rare, and we

could not identify any new safety concerns with regard to
B

C
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FIGURE 3

Nodal status in relation to BCSS (A), DRFS (B) and LRFS (C) respectively in patients that did not receive trastuzumab.
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trastuzumab. Heart toxicity is one of the most common adverse

events that lead to discontinuation, however only 4.9%

discontinued trastuzumab treatment due to heart toxicity in

our study, a low figure compared to early trials and other

studies (6, 28). The low occurrence of heart toxicity could be

due to the use of epirubicin instead of doxorubicin or improved

clinical awareness and understanding of how to handle

trastuzumab´s heart toxicity over time. The retrospective

nature and real-world focus of the present study could result

in an underestimation of less serious adverse events, not

leading to treatment discontinuation, as data collection

exclusively relied on what was evident from the medical

records and no standardized CTCAE scorings or similar

were available.

The main strengths of the present study include the truly

real-world perspective, as all HER2-positive patients in a large

geographical region diagnosed under a period of eight years,

regardless socioeconomic status, performance status, and

comorbidity, were included. The long follow up ensures that
Frontiers in Oncology 08
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mature survival data, rather than surrogate endpoints,

were available.

Self-evidently, long term follow-up of patients who

received trastuzumab and other anti-HER2 targeting

treatments in the last few years is not yet possible, and the

results here presented do not necessarily fully reflect the

predicted outcome of today’s state of the art treatment

strategies. Another limitation is that important prognostic

variables such as node status and tumor size could not

reliably be extracted from the medical records for the

neoadjuvant patients in this study, hence extrapolation to

this growing subgroup of patients should be done with

caution. Due to the retrospective nature of the study, no

additional examinations or sampling have been made and no

reliable comorbidity score was deemed possible to calculate

from the medical records. Importantly, trastuzumab and

chemotherapy were almost exclusively administered together

in this study, hence we could not evaluate the survival benefit

by trastuzumab as compared to chemotherapy alone.
B
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FIGURE 4

ER-status in relation to BCSS (A), DRFS (B) and LRFS (C) respectively in patients that was treated with trastuzumab.
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In conclusion, adjuvant treatment with trastuzumab is a

tolerable and effective treatment when prescribed according to

current clinical guidelines and praxis and confer a favorable

prognosis for patients with HER2-postive breast cancer.

However, using prognostic variables identified in this study

patients with unfavorable prognosis can be identified, e.g.,

patients with ER negative disease and four or more nodal

metastases treated with trastuzumab only had a 65.6% (95%

CI; 54.8-76.4) 5-year BCSS, a survival rate much lower than for

the overall study-population emphasizing the need for increased

efforts to improve the treatment for these patients.
Frontiers in Oncology 10
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Conclusion
This study provides real world evidence supporting the data

from early clinical trials regarding the excellent long-term

outcome of adjuvant trastuzumab in patients with early

HER2-positive breast cancer. ER status, nodal status and

trastuzumab treatment were the only individual factors

significantly associated with the long-term prognosis in this

cohort. Among the minority of patients who experienced

distant recurrence brain metastases were common and brain
TABLE 2 Subgroup dependent 5-year survival rates.

5-year BCSS % (95% CI) 5-year DRFS % (95% CI) 5-year LRFS % (95% CI)

No
trastuzumab

Trastuzumab No
traztuzumab

Traztuzumab No
traztuzumab

Traztuzumab

ER-positive 84.4 (76.0-92.8) 97.6 (95.6-99.6) 84.3 (76.7-91.9) 95.5 (93.0-98.0) 89.0 (82.3-95.7) 99.2 (98.2-100)

ER negative 74.1 (62.3-85.9) 84.5 (78.8-90.2) 63.4 (49.9-76.9) 80.2 (74.1-86.3) 77.1 (64.8-89.4) 94.7 (91.2-98.2)

Number of metastatic lymph nodes = 0 87.7 (80.6-94.8) 98.3 (96.5-100) 83.9 (76.3-91.5) 98.9 (97.3-100) 89.4 (82.9-95.9) 98.2 (96.2-100)

Number of metastatic lymph nodes = 1-
3

58.7 (35.8-81.6) 96.4 (92.9-99.9) 60.0 (38.8-81.2) 92.9 (88.2-97.6) 77.3 (59.3-95.3) 99.1 (97.3-100)

Number of metastatic lymph nodes =
>4

62.4 (35.0-89.8)) 75.5 (65.1-85.9) 64.9 (39.2-90.6) 71.9 (62.1-81.7)/ 82.4 (64.4-100) 96.0 (91.5-100)
TABLE 3 Multivariable cox regression analysis.

Variable in equation Univariate HR Univariate p-value Multivariable HR Multivariable p-value

BREAST CANCER SPECIFIC MORTALITY RATE

Trastuzumab 0.42 <0.0005 0.19 <0.0005

Nodal status 2.33 <0.0005 3.32 <0.0005

ER-status 0.34 <0.0005 0.39 0.003

Tumor size 2.82 <0.0005 1.42 NS

NHG-grade 1.75 0.065 1.85 0.097

Age (continuous) 1.02 0.022 1.02 NS

DISTANT RECURRENCE RATE

Trastuzumab 0.56 0.008 0.31 <0.0005

Nodal status 2.33 <0.0005 2.63 <0.0005

ER-status 0.32 <0.0005 0.31 <0.0005

Tumor size 2.74 <0.0005 1.44 0.091

NHG-grade 1.43 NS 1.32 NS

Age (continuous) 1.01 NS 1.01 NS

LOCOREGIONAL RECURRENCE RATE

Trastuzumab 0.19 <0.0005 0.13 <0.0005

Nodal status 1.06 NS 1.65 0.048

ER-status 0.45 0.021 0.43 0.034

Tumor size 1.31 NS 1.05 NS

NHG-grade 1.04 NS 1.61 NS

Age (continuous) 1.02 NS 0.98 NS
Bold is used when numbers are statistically significant (p<0.05). NS, Not significant.
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metastasis diagnosed as first metastatic relapse was more

common in patients treated with trastuzumab.
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TABLE 4 Metastatic site for patients with distant recurrences.

No trastuzumab Trastuzumab

Metastatic site N (%) N (%) p-value

Lymph node No 20 (61) 41 (76) NS

Yes 13 (39) 13 (24)

Cutaneous No 31 (94) 51 (94) NS

Yes 2 (6) 3 (6)

Bone No 16 (49) 35 (65) NS

Yes 17 (52) 19 (35)

Lung No 17 (52) 29 (54) NS

Yes 16 (49) 25 (46)

Liver No 19 (58) 30 (56) NS

Yes 14 (42) 24 (44)

Brain No 25 (76) 33 (61) NS

Yes 8 (24) 21 (39)

Brain metastasis as first distant recurrence No 31 (94) 40 (74) 0.023

Yes 2 (6) 14 (26)

Other metastatic site No 23 (70) 45 (83) NS

Yes 10 (30) 9 (17)
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Bold is used when numbers are statistically significant (p<0.05). NS, Not significant.
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Background: Conditional survival (CS) represents the probability of surviving

for additional years after the patient has survived for several years, dynamically

describing the survival rate of the patient with the varying time of survival. The

aim of this study was to evaluate the conditional cause-specific survival (CCSS)

after chemotherapy and local treatment for metastatic breast cancer, and to

identify the prognostic factors affecting the CCSS.

Methods: Patients diagnosed with primary stage IV breast cancer in the

Surveillance, Epidemiology, and End Results (SEER) database from 2010 to

2015 were included. CS is defined as the probability of additional survival for

y years after the patient had survived x years with the calculation formula CCSS

(x | y) = CSS (x + y)/CSS (x), where CSS(x) indicates the patient’s cause-specific

survival rate at the time of x years. Cox proportional hazard models were used

to evaluate predictors of CCSS.

Results: A total of 3,194 patients were included. The 5-year CSS was 39%,

whereas the 5-year CCSS increased to 46%, 57%, 71%, and 85% after the

diagnosis of 1, 2, 3, and 4 years. For patients with adverse clinical pathological

features, CCSS had more pronounced increase with survival time and is more

different from the CSS at diagnosis. No matter at the time of diagnosis or 1 year

or 3 years after diagnosis, HER2 status, local treatment, and multisite metastasis

were independent prognostic factors that affect the long-term survival of

patients (all P < 0.05).

Conclusion: The 5-year CCSS of patients with stage IV breast cancer was

extended as the survival years increased. HER2 status, multisite metastasis, and

local treatment were independent prognostic factors even 3 years after diagnosis.
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Introduction

Breast cancer is the most common malignant tumor and is

also the most frequent cause of death from cancer in women (1).

Globally, over two million patients are diagnosed annually and

over 600,000 die from the disease (2). About 5–10% patients at

diagnosis have metastases (3). Despite the use of various

traditional systemic treatments such as chemotherapy,

endocrine treatment, and targeted therapy, the overall survival

(OS) of patients with metastatic breast cancer is still not so

satisfactory. Recently, some studies showed that chemotherapy

combined with local treatment including primary tumor site

surgery or radiotherapy or both may improve the prognosis of

advanced breast cancer (4–6).

Most survival rates reported in the literature are static, being

calculated from the day of diagnosis or surgery (7–10). This

statistical method could only reflect the continuous hazard ratio

and survival rate of patients from the beginning of follow-up.

Since the survival rate, death risk, and risk ratio of patients will

change with the extension of survival time, this approach has

limitations, especially for long-term survival. Conditional

survival (CS) represents the probability of surviving a certain

number of years after diagnosis treatment based on the time the

patient has already survived (11). Compared with the traditional

survival evaluation, CS can provide more accurate information

for long-term prognosis and is more meaningful in the process

of follow-up. Thus, it has been used in many kinds of malignant

tumors, such as gastrointestinal, liver, pancreatic, and urinary

tract cancer (12–15).

As we know, there is no report on the conditional cause-

specific survival (CCSS) in patients with metastatic breast cancer

who underwent chemotherapy combined with local treatment.

Our study aims to evaluate the dynamic cause-specific survival

(CSS) of this type of population and prognostic factors that

change with time.
Material and methods

Data source and study population

A retrospective cohort study was performed with data

extracted from the Surveillance, Epidemiology, and End

Results (SEER) database. The SEER program collects and

publishes cancer incidence and survival data from population-

based cancer registries covering approximately 34.6% of the U.S.

population. The inclusion criteria were as follows: (1) patients

histologically diagnosed as stage IV breast cancer according to

the 7th edition of the American Joint Committee on Cancer

(AJCC) TNM classification between 2010 and 2015, and (2)

chemotherapy combined with local surgery and/or radiotherapy

were performed. The exclusion criteria were as follows: (1) male,
Frontiers in Oncology 02
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(2) more than 84 years old, (3) T0 local disease, (4) not the only

primary tumor, (5) lack of information on distant metastatic

lesion, (6) incomplete follow-up data, (7) 0 survival month, and

(8) incomplete baseline data. A total of 3,194 cases entered the

final analysis (Figure 1). All data obtained included age at

diagnosis, race, tumor grade, human epidermal growth factor

receptor 2 (HER2), estrogen receptor (ER), progesterone

receptor (PR) status, AJCC TNM stage, metastatic organ,

treatment, and follow-up information. The SEER program

identifies only the first course of therapy, defined as those

recorded in the treatment plan at diagnosis and administered

before disease progression or recurrence. Surgery in the current

research refers to the primary lesion (16). SEER data are publicly

available, and a signed Research Data Agreement form was

required to access the database. No institutional review board

approval was required for this study.
Statistical analysis

CSS was measured by the time between diagnosis and breast

cancer–related death. Survival curves were constructed

according to the Kaplan–Meier (K–M) method, and difference

curves were analyzed using the log-rank test.

CS is defined as the possibility of surviving an additional

number of y years given that a patient has already survived for x

years. The CCSS formula is CCSS (x | y) = CSS (x + y)/CSS (x),

where CSS (x) represents the cause-specific survival at x year

calculated by the K–M curve. For example, CS for surviving

another year among patients who had already survived 4 years,

CCSS (1|4), was calculated by dividing the 5-year K–M survival

estimate CSS (5) by the 4-year survival estimate CSS (4).

Multivariate Cox proportional-hazards regression was

performed to evaluate the hazard of CSS at the time of

diagnosis and CCSS for multiple survival periods (1 and 3

years after diagnosis). For instance, to compute the CCSS at 1

year after diagnosis, 1-year survivors were selected. After

subtraction of 12 months from their survival time, a

multivariate analysis was performed. Only the variables that

were prognostic with P-value less than 0.1 in the analysis of the

previous period were selected and incorporated in the next

period’s multivariate analysis sequentially. Differences were

statistically significant when P < 0.05. Statistical analyses were

performed using the SPSS 22.0 statistical software.
Results

Clinicopathological characteristics

This study included 3,194 breast cancer patients who met the

criteria in the SEER database (Table 1). Most of the patients were
frontiersin.org
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younger than 65 years old (78.4%). Majority of the patients were

White (71.1%) followed by Black (19.6%). The most frequent

histopathological grade was poorly differentiated (60.7%). Bone

metastasis (35.6%) was the most common site of metastasis,

followed by lung metastasis (10.9%) and brain metastasis (1.6%).

In terms of treatment, more than 70% of the patients received

chemotherapy combined with surgery, of which 1,222 (38.3%)

patients received chemotherapy combined with surgery

and radiotherapy.
Comparison of CSS and CCSS

With a median follow-up time of 26 (1–83) months until

2018, the CSS of patients at 1, 3, and 5 years was 84%, 55%, and

39%, respectively. The CCSS related to the number of years are

shown in Table 2, and the K–M survival curves are shown in

Figure 2. The 5-year CCSS increased from 39% directly after

diagnosis to 46% (D 7%), 57% (D 18%), 71% (D 32%), and 85%

(D 46%), given 1, 2, 3, and 4 years already survived, respectively.

The longer the patients have survived, the more likely they are to

survive for additional years. This growth leveled off after

many years.
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Factors associated with CSS and
CCSS rates

Multivariate analysis showed that age, race, AJCC T, N

categories, tumor grade, HER2, ER, PR status, metastatic

organ, and treatment were independent prognostic factors for

CSS of metastatic breast cancer (all P < 0.05, Table 3) at

diagnosis. For patients surviving for 1 year after diagnosis,

multivariate analysis identified that T4, poorly grade, HER2

positive, brain, and multisite metastasis were independent risk

factors (all P < 0.05), whereas ER positive, PR positive, and

surgery or surgery combined with radiotherapy were

independent protective factors (all P < 0.05). After 3 years of

diagnosis, only HER2 positive (HR = 0.598, P < 0.001), multisite

metastasis (HR = 1.621, P = 0.002), and surgery (HR = 0.507, P <

0.001) or surgery combined with radiotherapy (HR = 0.521, P <

0.001) were still independent prognostic factors.
Subgroup analysis of CSS and CCSS rates

All patients were divided into subgroups according to the

independent prognostic factors to evaluate their effects on CSS
frontiersin.org
FIGURE 1
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and CCSS. Figure 3 shows that the 5-year CSS of HER2 positive

patients was significantly better than that of HER2 negative

patients (52% vs. 31%, P < 0.001, Figure 3A). In the subgroup

analysis according to the metastatic site, the 5-year CSS of

patients with brain metastasis (9%) was significantly worse

than that of patients with bone (47%), liver (44%), and other

sites (49%) (P < 0.001, Figure 3C). The 5-year CCSS of patients

with bone, liver, and other site metastasis who have survived 4

years after diagnosis increased to 84%, 88%, and 92%,

respectively, whereas the 5-year CCSS of patients with brain

metastasis was only 53% (Figure 3D), which indicated that

patients with brain metastasis disease at diagnosis still

experience disease progression despite surviving 4 years. The

subgroup analysis according to the treatment methods showed

that the prognosis of patients who underwent surgery with or

without radiotherapy was significantly better than that of

patients who only underwent radiotherapy (5-year CSS of

radiotherapy = 16%, 5-year CSS of surgery = 43%, 5-year CSS

of surgery combined with radiotherapy = 47%, P <

0.001) (Figure 3E).

In each subgroup, CSS showed a downward trend, whereas

the 5-year CCSS gradually went up with the passage of survival

time. In each subgroup, the 5-year CCSS was better than the 5-

year CSS. Moreover, the difference between the CSS and the 5-

year CCSS was more significant in patients with poor

clinicopathological factors at baseline. In contrast, this

difference was relatively small in patients with good initial

clinicopathological factors at baseline. For example, the 5-year

CSS (baseline) of patients with HER2 positive was 52%, whereas

the 5-year CCSS of 4 years after diagnosis was 87% (D 35%). For

patients with HER2 negative, the 5-year CCSS was 31% at

diagnosis and the 5-year CCSS increased to 79% (D 47%) at 4

years after diagnosis (Figure 3B).
Discussion

To the best of our knowledge, this is the first study evaluating

the CS of metastatic breast cancer. More than 3,000 cases of

metastatic breast cancer with chemotherapy and local treatment

in the SEER database were included in this study. It has been

found that although the population has poor prognosis with the

5-year CSS only 39%, the 5-year CCSS increased with the

extension of survival time. For patients who have survived for

4 years, the 5-year CCSS is as high as 85%, especially for patients

with adverse prognostic factors. Furthermore, HER2 status,

multisite metastasis, and treatment were independent

prognostic factors at the time of diagnosis, and their

prognostic effects persisted until 3 years after diagnosis.

CS represents the possibility that a patient can survive a

certain number of years after diagnosis or treatment based on

the time the patient has already survived. It can dynamically
TABLE 1 Baseline and treatment characteristics.

No. of patients (%, n=3194)

Age

<65 years 2503 (78.4)

≥65 years 691 (21.6)

Race

White 2270 (71.1)

Black 625 (19.6)

Other 299 (9.3)

AJCC 7th, T Stage

T1 326 (10.2)

T2 1135 (35.5)

T3 590 (18.5)

T4 1143 (35.8)

AJCC 7th, N Stage

N0 487 (15.2)

N1 1369 (42.9)

N2 572 (17.9)

N3 766 (24.0)

Grade

Well 145 (4.5)

Moderate 1078 (33.8)

Poorly 1939 (60.7)

Anaplastic 32 (1.0)

HER2 Status

Negative 2079 (65.1)

Positive 1115 (34.9)

Breast type

HR+/HER2+ 690 (21.6)

HR+/HER2- 1415 (44.3)

HR-/HER2+ 425 (13.3)

HR-/HER2- 664 (20.8)

ER Status

Negative 1148 (35.9)

Positive 2046 (64.1)

PR Status

Negative 1594 (49.9)

Positive 1600 (50.1)

Metastatic organ

Bone 1136 (35.6)

Brain 52 (1.6)

Liver 281 (8.8)

Lung 349 (10.9)

Multisites 843 (26.4)

Other 533 (16.7)

Treatment

Chemo+radio 792 (24.8)

Chemo+surgery 1180 (36.9)

Chemo+surgery+radio 1222 (38.3)
AJCC, the American Joint Committee on Cancer; ER, Estrogen receptor; PR,
Progesterone receptor; HER2, Human epidermal growth factor receptor 2; chemo,
chemotherapy; radio, radiotherapy.
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describe the survival rate of patients as time progresses (17). In

this study, the 5-year CCSS of metastatic breast cancer increased

year by year with the increase in survival years. For example, the

probability of survival at 5 years after diagnosis went from 39%

at 0 years to 71% at 3 years. In the subgroup analysis, this

increasing trend was more obvious in patients with poor

clinicopathological factors. The prognosis of surviving patients

with high risk factors will be close to those of patients with some

low risk factors as time goes on, which can reduce anxiety and

improve the quality of life, especially for high-risk patients. For

instance, the 5-year CSS of HER2 positive and HER2 negative
Frontiers in Oncology 05
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patients at diagnosis were 52% and 31% (difference of 21%), and

the 5-year CCSS of 4 years after diagnosis were 87% and 79%

(difference of 8%). This may be due to the rapid death of high-

risk patients after diagnosis. In the traditional survival analysis,

patients with risk factors tend to have worse CSS. Therefore,

cumulative survival analysis is somewhat crude for accurately

assessing long-term survival, especially for patients who have

survived for a period of time (18).

Currently, the treatment of metastatic breast cancer is still

controversial. Three prospective randomized trials (the MF07-

01, an Indian study, and the recent ECOG-ACRIN 2108 Trial)

have shown different effects of the local treatments (19–22). The

3-year OS was similar between systemic therapy and primary

surgery arms in all of them. However, the MF07-01 trial showed

a better 5-year and 10-year OS in patients who underwent local

treatment followed by system therapy compared with those who

received only system therapy. There are some pitfalls in the

above studies. The imbalance of baseline variables, insufficiency

of system therapy, and high tumor burden are thought to lead to

bias. Thus, it is very difficult to conduct a perfect random trial

about the local therapy for primary stage IV breast cancer in a

real world. Of particular note is oligometastatic disease, which

can achieve long-term remission and even be cured through

different treatment strategies (23). The BOMET MF14-01

study showed that bone metastasis only (especially

oligometastatic bone and solitary bone) may take more

advantage from local surgery (24). The subgroup analysis of

the MF07-01 trial also favored the fact that the solitary bone

metastasis was the proper candidate for local therapy (19, 20).
TABLE 2 Conditional cause-specific survival estimates.

Total years of
survival after
diagnosis

Probability of
survival (%)

Years already survived by patient

0 1 2 3 4 5

1 84

2 68 81

3 55 65 81

4 46 55 68 84

5 39 46 57 71 85

6 34 40 50 62 74 87
The probability of survival after diagnosis is shown in relation to the number of years
already survived. For example, if a patient has survived 2 years after diagnosis, the
probability of achieving 3-year survival after diagnosis is 81 percent and of achieving 5-
year survival after diagnosis is 57 percent.
FIGURE 2

Kaplan–Meier estimates of cancer-specific survival after diagnosis (0 year) and conditional cancer-specific survival, according to years already
survived after diagnosis (1–5 years).
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So, it is very important to recognize those patients who can really

benefit from the local treatment, and CS may be a better

predictor of continued survival for people with long-term

survival benefits.
Frontiers in Oncology 06
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Our study found that surgery combined with radiotherapy as

the local treatment was more efficient compared with surgery or

radiotherapy alone. The 5-year CSS increased from 16% to 43%

(D 27%, P < 0.001), and it further increased to 47% (D 31%, P <
TABLE 3 Multivariable Cox proportional hazards analysis of risk factors associated with cause-specific survival.

At diagnosis (n=3194) 1 year after diagnosis (n=2585) 3 years after diagnosis (n=1071)

Hazard ratio P Hazard ratio P Hazard ratio P

Age 0.001 0.542 NA

<65 years Reference Reference

≥65 years 1.223 (1.082-1.381) 0.001 1.050 (0.898-1.228) 0.542

Race 0.041 0.253 NA

White Reference Reference

Black 1.102 (0.973-1.248) 0.127 1.029 (0.880-1.203) 0.723

Other 0.846 (0.702-1.021) 0.082 0.839 (0.671-1.049) 0.123

AJCC 7th, T Stage 0.002 0.011 0.132

T1 Reference Reference Reference

T2 1.136 (0.934-1.382) 0.202 1.219 (0.960-1.548) 0.105 1.475 (0.926-2.351) 0.102

T3 1.091 (0.882-1.349) 0.442 1.146 (0.884-1.486) 0.303 1.668 (1.014-2.742) 0.044

T4 1.342 (1.104-1.632) 0.003 1.415 (1.112-1.800) 0.005 1.724 (1.077-2.761) 0.023

AJCC 7th, N Stage 0.085 0.147 NA

N0 Reference Reference

N1 0.937 (0.807-1.089) 0.396 0.992 (0.823-1.196) 0.934

N2 0.995 (0.833-1.1887) 0.952 1.038 (0.835-1.289) 0.739

N3 1.113 (0.942-1.314) 0.209 1.189 (0.967-1.461) 0.100

Grade <0.001 <0.001 0.610

Well Reference Reference Reference

Moderate 1.462 (1.085-1.970) 0.013 1.322 (0.948-1.844) 0.100 1.470 (0.838-2.577) 0.179

Poorly 1.952 (1.453-2.622) <0.001 1.711 (1.230-2.381) 0.001 1.431 (0.811-2.523) 0.216

Anaplastic 1.847 (1.100-3.103) 0.020 1.517 (0.804-2.862) 0.198 1.334 (0.376-4.730) 0.655

HER2 Status <0.001 <0.001 <0.001

Negative Reference Reference Reference

Positive 0.386 (0.342-0.435) <0.001 0.380 (0.330-0.439) <0.001 0.598 (0.457-0.783) <0.001

ER Status <0.001 0.001 0.566

Negative Reference Reference Reference

Positive 0.674 (0.585-0.777) <0.001 0.739 (0.621-0.880) 0.001 0.893 (0.608-1.312) 0.566

PR Status <0.001 <0.001 0.271

Negative Reference Reference Reference

Positive 0.525 (0.456-0.606) <0.001 0.497 (0.420-0.588) <0.001 0.829 (0.594-1.157) 0.271

Metastatic organ <0.001 <0.001 <0.001

Bone Reference Reference Reference

Brain 3.295 (2.392-4.538) <0.001 2.367 (1.445-3.877) 0.001 1.470 (0.360-6.002) 0.591

Liver 1.332 (1.083-1.639) 0.007 1.261 (0.986-1.611) 0.064 0.783 (0.459-1.336) 0.369

Lung 1.065 (0.884-1.282) 0.508 1.128 (0.908-1.401) 0.277 0.936 (0.598-1.464) 0.771

Multisites 1.877 (1.639-2.149) <0.001 1.645 (1.394-1.942) <0.001 1.621 (1.190-2.208) 0.002

Other 0.846 (0.712-1.005) 0.057 0.805 (0.660-0.983) 0.033 0.677 (0.455-0.978) 0.038

Treatment <0.001 <0.001 <0.001

Chemo+radio Reference Reference Reference

Chemo+surgery 0.503 (0.439-0.576) <0.001 0.559 (0.468-0.667) <0.001 0.507 (0.357-0.720) <0.001

Chemo+surgery+radio 0.392 (0.341-0.450) <0.001 0.494 (0.415-0.588) <0.001 0.521 (0.372-0.729) <0.001
fr
AJCC, the American Joint Committee on Cancer; ER, Estrogen receptor; PR, Progesterone receptor; HER2, Human epidermal growth factor receptor 2; chemo, chemotherapy; radio,
radiotherapy, NA, Not Available.
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0.001) in patients accepting surgery combined with

radiotherapy. Lian et al. collected data from SEER between

2004 and 2012 and also drew a similar conclusion (25). The 3-

year CSS were 35.9%, 57.1%, and 63.9% in patients who

underwent radiotherapy alone, surgery alone, and surgery

combined with radiotherapy. Our study suggests that the local

treatment can affect the prognosis for a long time. Due to the

inability to obtain metastatic tumor load from the SEER

database, we were unable to perform further analysis. In

addition, the patients who have a good initial prognosis (low

tumor burden, metastatic clearance with system therapy, fewer
Frontiers in Oncology 07
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complications, and younger age), as evaluated subjectively by the

physician, were more likely to opt for surgery, leading to bias.

Previous studies have shown that age, HER2 status, hormone

receptor state, metastatic sites, and treatment were important

factors affecting the prognosis of metastatic breast cancer (8, 26,

27), but there is no study on the prognostic factors for patients

with metastatic breast cancer who have survived for several

years. In this study, we found that age, race, grade, HER2, ER, PR

status, metastatic organ, and local treatment were independent

prognostic factors for CSS, which is consistent with the previous

studies (8). However, at 1 year and 3 years after diagnosis, only
A B

D

E F

C

FIGURE 3

Comparison between CSS (A, C, E) and CCSS (B, D, F) according to HER2 (A, B), metastatic organ (C, D), and treatment (E, F).
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HER2 status, metastatic organ, and local treatment continued to

affect the prognosis. With HER2-targeted therapy, the prognosis

of HER2 positive metastatic breast cancer has been improved

(28). Our study also showed that the prognosis of HER2 positive

patients was significantly better than HER2 negative, and this

factor continued to influence the long-term survival during

follow-up, which verified that the targeted treatment of HER2

had long-term survival benefits to the metastatic breast cancer.

The common metastatic sites were bone, lung, brain, and liver,

of which the prognosis of brain and multisite metastasis was the

worst (29, 30). In this study, the 5-year CSS of brain metastasis

and multisite metastasis patients were only 9% and 21%, and the

latter remained an independent risk factor for prognosis as years

of survival increased. Obviously, the more the metastases, the

higher the tumor burden. As a result, these patients have a

poor prognosis.

This study has some limitations. First of all, this is a

retrospective study and inevitably leads to selection bias.

Second, information such as the treatment of targeted and

endocrine, the sequence of chemotherapy and surgery, and the

therapeutic effect evaluation cannot be obtained from the SEER

database. However, this is the first study to assess the 5-year

CCSS of metastatic breast cancer and to analyze the potential

factors that continue to influence the prognosis. The results of

this study can be used as an important basis for improving

treatment options as well as the prognosis of patients with

metastatic breast cancer in the future.
Conclusions

CCSS of metastatic breast cancer was dynamic and increases

with each additional year survived. Compared with CSS, CCSS

provided a more individualized prognosis. Furthermore, HER2

status, multisite metastasis, and local treatment were
Frontiers in Oncology 08
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independent prognostic factors that continued to influence the

survival of metastatic breast cancer. These patients seemed to

benefit more from surgery combined with radiotherapy.
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