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Aims: The distribution of residual esophageal squamous cell carcinoma (ESCC) in

the esophageal wall and resected lymph nodes was evaluated after neoadjuvant

chemoimmunotherapy (nICT).

Methods and results: Clinical data were collected from 137 ESCC patients who

underwent anti-programmed death 1 therapy and esophagectomy. Ninety (65.7%)

achieved an major pathological response (MPR) in the esophageal wall, and 27

(19.7%) achieved an MPR in the lymph nodes. Pathologically complete response

(pCR, ypT0N0) was observed in 26 patients (19%). Residual tumors located in the

mucosa and/or submucosa were found in 94.6% of nonpCR patients. In the minor

responders, 97.8% had residual tumor >10% in the mucosa or submucosa. A

preferential regression direction toward the lumen was found in 76.4% of prepT2

nonpCR patients, or 60.7% of prepT3-4a nonpCR patients. The correlation

between pCR in the esophageal wall and in lymph nodes was not significant

(P=0.143). Among 19 patients with pCR in resected recurrent laryngeal nerve (RLN)

lymph nodes, 31.6% had residual tumor cells in other resected lymph nodes. A

significant correlation was found between ypT/ypN downstaging and tumor

regression grade (P<0.05).

Conclusions: After nICT for ESCC, residual tumors were frequently found in the

mucosa or submucosa, with relatively high responsiveness of the invasive front and

a significant correlation with downstaging, which may help clinicians make

appropriate decisions about postoperative treatment and surveillance. The

differences in pCR status in primary tumors, resected lymph nodes, and RLN

lymph nodes indicated the importance of assessing regression changes in all

resected lymph nodes during clinical practice.

KEYWORDS
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1 Introduction

Esophageal cancer (EC) is the seventh most common malignancy

and the sixth leading cause of cancer death worldwide (1). EC can be

broadly divided into two histologic subtypes: esophageal squamous

cell carcinoma (ESCC) and esophageal adenocarcinoma. ESCC is the

most frequent histologic subtype in China, where the number of new

cases and related deaths reached 246,000 and 188,000, respectively, in

2021 (2). Based on randomized controlled trials (RCTs), neoadjuvant

chemoradiotherapy (nCRT) or chemotherapy (nCT) followed by

surgery has been regarded as standard treatment for patients with

locally advanced ESCC (3, 4). Despite efforts over the past decade to

improve the survival of advanced-stage ESCC, overall survival

remains dismal. Recently, immunotherapy against programmed

death 1 (PD-1) or programmed death ligand 1 (PD-L1) represents

a relatively innovative treatment for malignant tumors, showing

particular efficacy and a low toxicity profile in advanced or

metastatic ESCC (5). The treatment response and safety of PD-1

inhibitors combined with chemotherapy have generated interest in

extending their use into neoadjuvant therapy (6, 7).

Histopathological response was used as a surrogate endpoint for

the clinical efficacy of neoadjuvant therapy, including neoadjuvant

immunotherapy (8, 9). Although there are well-established differences

in molecular mechanisms and microscopic appearance between

immunotherapy and chemotherapy, tumor regression grading

(TRG) systems are widely used in clinical practice (10). Numerous

studies have shown that no residual tumor (pathological complete

response, pCR) or no more than 10% residual viable tumor indicates a

major pathological response (MPR), which is ideal for predicting the

long-term survival in ESCC patients (11). In ESCC after nCRT or

nCT, several published studies have shown some findings and

conclusions. More residual tumors were involved in the mucosa

and submucosa, and the overall regression pattern was most

frequently a mixed pattern of both concentric regression and

regression toward the lumen (12). The MPR of the primary tumor

may not be the same as that of lymph node metastases (13). The

recurrent laryngeal nerve (RLN) lymph nodes are a crucial indicator

during esophagectomy (14). The initial clinical staging of both tumor

invasive depth and lymph node metastasis was downstaged (15).

Whether the aforementioned observations in nCRT or nCT may

analogously be extended to locally advanced-stage ESCC treated with

PD-1 inhibitors combined with chemotherapy has not been reported.

Therefore, this retrospective study was conducted to 1) describe the

exact location and distribution of residual tumor in the esophageal wall

and resected lymph nodes after neoadjuvant chemoimmunotherapy

(nICT); 2) describe the tumor regression pattern of ESCC as induced by

nICT; 3) describe the pathological response in resected lymph nodes,

including RLN lymph nodes; and 4) evaluate ypT or ypN downstage

and their association with pathological response.
2 Materials and methods

2.1 Patients

Patients with locally advanced esophageal cancer who had

undergone a combination therapy of PD-1 inhibitors and
Frontiers in Oncology 02
chemotherapy (nICT) followed by surgery at Zhongshan Hospital,

Fudan University between March 2020 and October 2021 were

enrolled. The eligibility criteria were as follows: 1) patients

pathologically diagnosed with ESCC using biopsy specimens prior to

receivingnICT;2)patientswhoreceiveda scheduledcomplete courseof

nICT; and 3) patients who underwent total or subtotal thoracic

esophagectomy with regional lymph node dissection after nICT. The

exclusion criteria were as follows: 1) patients with unresectable tumors

(T4b) and/or distant metastasis (M1) and 2) patients with tumors

clinically limited to the mucosa or the submucosa (T1). Pretreatment

staging was performed using computed tomography (CT) of the neck,

chest, and abdomen, endoscopic ultrasound (EUS), and positron

emission tomography (PET). All patients were staged according to the

8theditionof theAmericanJointCommitteeonCancer stagingmanual.

Consequently, 137ESCCpatientswere enrolled in the study. This study

protocol was approved by the institutional review board of Zhongshan

Hospital, Fudan University (B2022-632).
2.2 Neoadjuvant PD-1 inhibitors
and chemotherapy

The regimen of nICT consisted of anti-PD-1 therapy with

pembrolizumab (200mg), camrelizumab (200mg), toripalimab

(240mg), or sintilimab (200mg) on Day 1. The chemotherapy

regimen consisted of cisplatin (75mg/m2, d1-2) and albumin bound

paclitaxel (125mg/m2, d1, 8). Two to four courses of nICT were used,

separated by a 3-week interval. All patients were scheduled to receive

endoscopic examination and CT after each course of the above

therapy to evaluate the therapeutic effect.

Surgical resection was performed 3-5 weeks after the completion of

anti-PD-1 and chemotherapy. Our standard procedures consisted of

theMcKeown procedure for upper, middle, or lower esophageal tumors

and the Ivor-Lewis procedure for middle or lower tumors, with at least

2-field lymphadenectomy. For tumors that were not located in the

upper third of the esophagus, cervical lymphadenectomy was

performed according to pretreatment radiological diagnosis and

intraoperative pathological diagnosis of metastasis in the RLN

lymph nodes.
2.3 Pathological examination

All resection specimens were initially processed using a

pathologically standardized protocol. In particular, all tumors were

sampled and embedded. When the macroscopic appearance was not

obvious, subtle lesions, such as an ulcer or an irregular area, together

with surrounding areas were sampled to adequately evaluate the

location and distribution of the residual tumor. In cases where only

patchy residual tumors were present and their distribution was not

contiguous, large (mega) blocks were used to show the complete

cross-section of the esophageal wall.

All HE-stained sections were scanned at ×40 magnification using a

NanoZoomer S360 Digital Slide Scanner C13220-01(HAMAMATSU

PHOTONICS, Hamamatsu city, Japan) and systematically reviewed by

an experienced gastrointestinal pathologist with NanoZoomer digital
frontiersin.org
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slide viewing software. The histomorphologic assessment included

evaluation of all esophageal walls and resected lymph nodes.

The original tumor area was measured based on a series of

regression changes (Supplementary Figure 1), such as giant cell

reaction around ghost cells and keratin pearls, foamy histiocytes,

cholesterol deposits, foreign body reaction, calcifications, fibrosis,

granulation, inflammatory, and vascular change, compared with

surrounding normal tissues (9, 11). Given these measurements, the

original depth of the primary tumor and the plausible number of

metastatic lymph nodes were recorded as prepT and prepN (16).
2.4 Pathological evaluation

TRG was assessed using the modified Mandard scoring system as

reported by Chirieac et al (17). TRG was divided into 4 categories: 1)

TRG1, no residual carcinoma (pCR); 2) TRG2, 1% to 10% residual

carcinoma; 3) TRG3, 11% to 50% residual carcinoma; and 4) TRG4,

greater than 50% residual carcinoma. TRG grades (1, 2, 3, and 4) in

the metastatic lymph nodes were pathologically determined according

to the same criteria (Figure 1).

In 4 esophageal wall layers (mucosa, submucosa, muscularis

propria, adventitia) and all resected lymph nodes, TRG was

evaluated and scored individually in all slides containing regression

changes and/or residual tumor (Figure 2A). An average TRG of the

esophageal wall was calculated for each individual by averaging the

TRG score of each layer in all slides. An average TRG of lymph nodes
Frontiers in Oncology 03
was also calculated by averaging the TRG score of all plausible

positive metastatic lymph nodes.

The relative distribution of residual tumor cells within the 4

esophageal wall layers and lymph nodes was assessed using the

methods reported by Shapiro et al (12). Comparing the percentage

distribution of residual tumor in 2 wall layers with the other 2 layers, a

higher percentage indicated less regression. The regression directions

were from layers with more regression to layers with less regression

and divided into 4 patterns (Figure 2B): 1) regression toward the

lumen, less regression in the mucosa and/or the submucosa; 2)

regression toward the invasive front, less regression in the

muscularis propria and/or adventitia; 3) concentric regression, less

regression in the submucosa and/or muscularis propria; and 4)

random regression, comparable extent of regression in all layers.
2.5 Statistical analysis

All statistical analyses were conducted using SPSS software,

version 21.0 (SPSS Inc., Chicago, IL, USA). Categorical variables are

presented by frequency n (%), and continuous variables with

nonnormal distribution are presented as median values with ranges.

Intergroup comparisons were performed using the chi-square test or

Fisher’s exact test for categorial variables. To compare the

distributions of pCR percentage percentages, the McNemar test was

used for related binary results. All P values were reported as 2-sided,

with a significance level of 0.05.
A B

D

E F

G H

C

FIGURE 1

Tumor regression grading according to Chirieac et al. in ESCC. (A) TRG1 in esophageal wall, no residual carcinoma in esophageal wall. (B) TRG1 in lymph
nodes, no residual carcinoma in resected lymph nodes. (C) TRG2 in esophageal wall, 1% to 10% residual carcinoma in esophageal wall. (D) TRG2 in
lymph nodes, 1% to 10% residual carcinoma in resected lymph nodes. (E) TRG3 in esophageal wall, 11% to 50% residual carcinoma in esophageal wall.
(F) TRG3 in lymph nodes, 11% to 50% residual carcinoma in resected lymph nodes. (G) TRG4 in esophageal wall, greater than 50% residual carcinoma in
esophageal wall. (H) TRG4 in lymph nodes, greater than 50% residual carcinoma in resected lymph nodes.
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3 Results

3.1 Patient characteristics7

Table 1summarizes the baseline characteristics of 137 ESCC

patients with nICT. The median age was 63 years, and the majority

of patients were male (84.7%). Most patients were in the lower third of
Frontiers in Oncology 04
the esophagus (n=63, 46%) and underwent the McKeown surgical

approach (n=104, 75.9%) or Ivor-Lewis procedure (n=33, 24.1%) in a

median of 35 days between neoadjuvant therapy and surgery. The

original tumor area was characterized and identified as follows: 1)

dense immune infiltrates, such as tertiary lymphoid structure (TLS)

and dense tumor infiltrating lymphocyte (TIL) infiltrates; 2) cell

death, such as cholesterol clefts and interstitial foamy macrophages;
frontiersin.org
FIGURE 2

(A) The large (mega) blocks showing 4 esophageal wall layers (mucosa, submucosa, muscularis propria, adventitia) and surrounding lymph nodes. (B) The
four regression patterns in esophageal wall: Pattern 1, regression toward the lumen; Pattern 2, regression toward the invasive front; Pattern 3, concentric
regression; and Pattern 4, random regression.
TABLE 1 Patient characteristics at baseline.

Characteristic N %

Median age (range), yr 63 (45-77)

Sex

Female 21 15.3

Male 116 84.7

Location

Upper 31 22.6

Middle 43 31.4

Lower 63 46

prepT stage

prepT2 76 55.5

prepT3 60 43.8

prepT4a 1 0.7

prepN stage

prepN0 68 49.6

prepN1 36 26.3

prepN2 26 19

prepN3 7 5.1

Median number of lymph nodes resected (range) 22 (5-57)

ypT stage

ypT0 31 22.6

ypT1 40 29.2

ypT2 30 21.9

ypT3 35 25.5

(Continued)
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and 3) tissue repair, such as neovascularization and proliferative

fibrosis (Supplementary Figure 1). According to the regression bed,

55.5% of patients had stage prepT2 disease, 43.8% had stage prepT3

disease, and 0.7% had stage prepT4a disease. The prepN1-3 were

found in 69 (50.4%) patients. The median number of identified and

evaluated lymph nodes was 22 (range, 5-57). A total of 31 patients

(22.6%) had no vital tumor cells in the esophageal wall after nICT

(ypT0), and 90 patients (65.7%) had no pathological lymph nodes

(ypN0). The MPR was 65.7% in the esophageal wall and 19.7% in the

lymph nodes. Overall pCR (ypT0N0) was observed in 26

patients (19%).
3.2 Location and distribution of residual
tumors in nonpCR patients

In addition to 26 pCR patients, 111/137 (81.0%) patients had

residual tumor cells remaining after nICT (nonpCR group)

(Supplementary Figure 2), which were used for further analysis of

the localized residual disease. Among the 111 cases, 55 patients

(49.5%) had regression changes and/or residual tumor reaching into

the muscularis propria (prepT2), and 56 (50.5%) showed regression

changes and/or residual tumor reaching into the adventitia (prepT3-

4a). Among the 111 cases, a total of 59 (53.2%) patients had regression

changes and/or residual tumor in lymph nodes (prepN1-3).

In the prepT2 nonpCR group, 89.1% (49/55) of patients had

residual tumor cells in the mucosa, 58.2% (32/55) in the submucosa,
Frontiers in Oncology 05
38.2% (21/55) in the muscularis propria, and 89.1% (6/25) in the

lymph nodes. Figure 3A provides the relative distribution of residual

tumor within the esophageal wall and lymph nodes in 55 patients.

The mucosa had residual tumor cells significantly more frequently

than the submucosa and muscularis propria (P<0.001). Residual

tumors in the mucosa and/or submucosa were found in 52 (94.6%)

of 55 patients. For the remaining 3 patients, 1 (1.8%) had residual

tumor involving the muscularis propria, and 2 (3.6%) patients had

residual tumor only in lymph nodes.

In the prepT3-4a nonpCR group, 91.1% (51/56) of patients had

residual tumor cells in the mucosa, 85.7% (48/56) in the submucosa,

80.4% (45/56) in the muscularis propria, 64.3% (36/56) in the

adventitia, and 89.3% (28/34) in the lymph nodes. Figure 3B

provides the relative distribution of residual tumor within the

esophageal wall and lymph nodes in 56 patients. The mucosa,

submucosa, and muscularis propria had residual tumor cells

significantly more frequently than the adventitia (P<0.005).

Residual tumors in the mucosa and/or submucosa were found in 53

(94.6%) of 56 patients. The remaining 3 patients had residual tumors

only in the lymph nodes.

In the prepN1-3 nonpCR group, 86.4% (51/59) of patients had

residual tumor cells in the mucosa, 74.6% (44/59) in the submucosa,

59.3% (35/59) in the muscularis propria, 67.6% (23/34) in the

adventitia, and 79.7% (47/59) in the lymph nodes. Figure 3C

provides the relative distribution of residual tumor within the

esophageal wall and lymph nodes in 59 patients. The mucosa,

submucosa, and lymph nodes had residual tumor cells significantly
TABLE 1 Continued

Characteristic N %

ypT4a 1 0.7

ypN stage

ypN0 90 65.7

ypN1 29 21.2

ypN2 15 10.9

ypN3 3 2.2

TRG-eophageal wall

TRG1 31 22.6

TRG2 59 43.1

TRG3 36 26.3

TRG4 11 8

TRG-lymph node

TRG1 22 16.1

TRG2 5 3.6

TRG3 15 10.9

TRG4 27 19.7

pCR

No 111 81

Yes 26 19
frontiers
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more frequently than the muscularis propria (P<0.05). Residual

tumors in the mucosa and/or submucosa were found in 54 (91.5%)

of 59 patients. The remaining 5 patients had residual tumors only in

the lymph nodes.
3.3 Minor responders in the mucosa
and submucosa

In the nonpCR group, 36 (32.4%) patients had an esophageal wall

TRG3 response, and 11 (9.9%) patients had an esophageal wall TRG4

response, which were regarded as minor responders. Of these 47

esophageal wall minor responders, 45 (95.7%) patients also showed a

minor response in the mucosa, 41 (87.3%) in the submucosa, 34

(72.3%) in the muscularis propria, 15 (15/29, 51.7%) in the adventitia,

and 21 (21/26, 80.8%) in the lymph nodes. Figure 4 shows that 45 of

47 esophageal wall minor responders showed a minor response in the

mucosa, 1 showed a minor response in the submucosa and lymph
Frontiers in Oncology 06
nodes, and 1 showed a minor response in the muscularis propria.

Therefore, 97.8% (45 plus 1) of the minor responders had residual

tumors>10% in the mucosa or submucosa.

In the nonpCR group, 59 (53.2%) patients had an esophageal wall

TRG2 response. Among the 59 major responses, 13 (22.0%) patients

had TRG3 or TRG4 in the mucosa, 2 (3.4%) in the submucosa, 1

(1.7%) in the muscularis propria, 0 (0/24, 0%) in the surrounding

stroma, and 17 (17/28, 60.7%) in the lymph nodes (Figure 4). Figure 4

shows that 22.0% (13/59) of the major responses had residual

tumors>10% in the mucosa or submucosa.
3.4 Tumor regression pattern in the
esophageal wall

In the prepT2 nonpCR group, the mucosa did show a significantly

lower percentage of TRG1 (pCR, 10.9%) than the submucosa (41.8%;

P<0.001) and muscularis propria (61.8%; P<0.001). The muscularis
A

B

C

FIGURE 3

Residual tumor location in nonpCR patients. (A) The distribution of residual tumor cells within 3 esophageal wall layers (mucosa, submucosa, muscularis
propria) and lymph nodes in 55 prepT2 nonpCR patients. Residual tumors in the mucosa and/or submucosa were found in 52 (94.6%) of 55 patients. The
mucosa had residual tumor cells significantly more frequently than the submucosa and muscularis propria (P<0.001). (B) The distribution of residual
tumor cells within 4 esophageal wall layers (mucosa, submucosa, muscularis propria, adventitia) and lymph nodes in 56 prepT3-4a nonpCR patients.
Residual tumors in the mucosa and/or submucosa were found in 53 (94.6%) of 56 patients. The mucosa, submucosa, and muscularis propria had residual
tumor cells significantly more frequentlythan the adventitia (P<0.005). (C) The distribution of residual tumor cells within 4 esophageal wall layers
(mucosa, submucosa, muscularis propria, adventitia) and lymph nodes in 59 N1-N3 nonpCR patients. Residual tumors in the mucosa and/or submucosa
were found in 54 (91.5%) of 59 patients. The mucosa, submucosa, and lymph nodes had residual tumor cells significantly more frequently than the
muscularis propria (P<0.05).
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propria also differed significantly from the submucosa (41.8%;

P=0.013). The overall regression pattern was analyzed: regression

toward the lumen (76.4%) was significantly more common than

regression toward the invasive front (7.3%), concentric regression

(5.5%), and random regression (10.9%) (P<0.001) (Figure 5A). The

random regression pattern (10.9%) was much less common than a

nonrandom regression pattern (89.1%) (P<0.001).

In the prepT3-4a nonpCR group, the mucosa did show a

significantly lower percentage of TRG1 (pCR, 8.9%) than the

adventitia (35.7%, P<0.001) but not the submucosa (14.3%,

P=0.257) or muscularis propria (19.6%, P=0.058). The adventitia

also differed significantly from the submucosa (P=0.001) but not

the muscularis propria (P=0.083). Regression toward the lumen

(60.7%) was significantly more common than regression toward the

invasive front (3.6%, P<0.001), concentric regression (8.9%, P<0.001),

and random regression (26.8%, P=0.010) (Figure 5B). The random

regression pattern (26.8%) was much less common than a

nonrandom regression pattern (73.2%) (P=0.001).
Frontiers in Oncology 07
3.5 Tumor regression in prepN1-3 patients

In the prepN1-3 group, 22 (31.9%) of 69 patients had a pCR

(TRG1) in all resected lymph nodes, whereas 47 (68.1%) patients had

residual tumor cells in one or more of the resected lymph nodes. The

percentage of pCR in regional lymph nodes was higher than the

percentage of overall pCR (14.5%, 10/69, P<0.001). Ten of 22 (45.5%)

patients had an esophageal wall pCR, 8 of 22 patients (36.4%) had an

esophageal wall TRG2, 3 of 22 patients (13.6%) had an esophageal

wall TRG3, and 1 of 22 patients (4.5%) had an esophageal wall TRG4.

Among 47 patients with ypN1-3, 5 (10.6%) patients had an

esophageal wall pCR, 20 patients (42.6%) had an esophageal wall

TRG2, 16 patients (34.0%) had an esophageal wall TRG3, and 6

patients (12.8%) had an esophageal wall TRG4. Regression toward the

lumen was also more common in patients with 22 pCR lymph nodes

(83.3%) or 47 nonpCR lymph nodes (64.3%) (Figure 5C). The

correlation between pCR in the esophageal wall and pCR in lymph

nodes was not significant (P=0.143).
FIGURE 4

The tumor regression grading (TRG) within 4 esophageal wall layers (mucosa, submucosa, muscularis propria, adventitia) and lymph nodes in minor
responders and major responsers. 97.8% (45 plus 1) of the minor responders had residual tumors>10% (TRG3 and TRG4) in the mucosa or submucosa,
and 22.0% (13 plus 0) of the major responses had residual tumors>10% (TRG3 and TRG4) in the mucosa or submucosa.
frontiersin.org
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Among 69 prepN1-3 patients, 45 (65.2%) had regression

changes and/or residual tumor in RLN lymph nodes. Nineteen

(42.2%) of 45 patients had TRG1 in all resected RLN lymph

nodes, whereas 26 (57.8%) patients had residual tumor

cells in one or more of the resected lymph nodes. Among 19

patients with TRG1 in all resected RLN lymph nodes, 6 (31.6%)

patients had residual tumor cells in one or more of the other

resected lymph nodes (Table 2). The correlation between the

pCR in RLN lymph nodes and pCR in all lymph nodes was

significant (P<0.001).
3.6 ypStage and TRG

The numbers of patients with prepT2, prepT3, and prepT4a were

76, 60, and 1, respectively. Supplementary Figure 3A provides the

distribution of TRG in the esophageal wall with or without ypT

downstage. 1) Of the 76 prepT2 patients, 23 were ypT0, 32 were ypT1,

and 21 were ypT2, which showed that 72.4% of tumors were

downstaged. In patients in the downstaged group, 41.8% (23/55),

47.3% (26/55), and 10.9% (6/55) of patients had esophageal wall

TRG1, TRG2, and TRG3, respectively. In patients in the

nondownstaged group, 42.8% (9/21), 52.4% (11/21), and 4.8% (1/

21) of patients had esophageal wall TRG2, TRG3, and TRG4,

respectively. A significant difference was found between the two

groups (P<0.001). 2) Of the 60 prepT3 patients, 8 had ypT0, 8 had

ypT1, 9 had ypT2, and 35 had ypT2, which showed that 41.7% of

tumors were downstaged. In patients in the downstaged group, 32.0%

(8/25), 60.0% (15/25), and 8.0% (2/25) of patients had esophageal wall

TRG1, TRG2, and TRG3, respectively. In patients in the

nondownstaged group, 25.7% (9/35), 45.7% (16/35), and 28.6% (10/

35) of patients had esophageal wall TRG2, TRG3, and TRG4,

respectively. A significant difference was also found between the

two groups (P<0.001). 3) One prepT4a was also ypT4a, with

esophageal wall TRG3.
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The numbers of patients with prepN1, prepN2, and prepN3 were

36, 26, and 7, respectively. Supplementary Figure 3B provides the

distribution of TRG in lymph nodes with or without N downstage. 1)

Of the 36 prepN1, 19 were ypN0, and 17 were ypN1, which showed

that 52.8% of tumors were downstaged. In patients in the downstaged

group, all (19/19) patients had lymph node TRG1. In patients in the

nondownstaged group, 5.8% (1/17), 47.1% (8/17), and 47.1% (8/17) of

patients had lymph nodes TRG2, TRG3, and TRG4, respectively. 2)

Of the 26 prepN2 cases, 3 were ypN0, 11 were ypN1, and 12 were

ypN2, which showed that 53.8% of the tumors were downstaged. In

the downstaged group, 21.4% (3/14), 14.3% (2/14), 35.7% (5/14), and

28.6% (4/14) of patients had lymph nodes TRG1, TRG2, TRG3, and

TRG4, respectively. In the nondownstaged group, 8.3% (1/12) and

91.7% (11/12) of patients had lymph nodes TRG2 and TRG4,

respectively. 3) Of the 7 prepN3 patients, 1 was ypN1, 3 were

ypN2, and 3 were ypN3, which showed that 57.1% of tumors were

downstaged. In the downstaged group, 25.0% (1/4), 25.0% (1/4), and

50.0% (2/4) of patients had lymph nodes TRG2, TRG3, and TRG4,

respectively. In the nondownstaged group, 33.3% (1/3) and 66.7% (2/

3) of patients had lymph nodes TRG3 and TRG4, respectively.
4 Discussion

This study includes one of the largest cohorts of ESCC patients

treated with neoadjuvant nICT at a single institution. The MPR in the

esophageal wall was 43.1%, which is in accordance with published

reports on this subject, in which values range from 41.7% to 50.0%

(18, 19). The overall pCR rate was 19%, with 22.6% pCR in the

esophageal wall and 31.9% pCR in the resected lymph nodes. Our

overall pCR rate was consistent with two recent reports from He et al.

(18.8%, 3/16, from Chengdu) (20) and Hong et al. (18.8, 6/32, from

Fuzhou) (21). However, previous published reports by Liu et al. and

Yang et al.from Guangzhou showed a pCR rate of 35.3% (18/51) (22)

and 25.0% (5/23) (19). The difference in pCR rates might be attributed
TABLE 2 Tumor regression grading (TRG) in all resected lymph nodes and recurrent laryngeal nerve lymph nodes.

All resected lymph nodes

TRG n 1 2 3 4

Recurrent laryngeal nerve lymph nodes
1 19 13 2 2 2

2-4 26 0 3 8 15
A B C

FIGURE 5

(A) The percentage of four regression patterns in 55 prepT2 nonpCR patients. (B) The percentage of four regression patterns in 56 prepT3-4a nonpCR
patients. (C) The distribution of four regression patterns in 69 prepN1-3 patients.
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to the sample size and the difference in enrolled population. Some

prospective large-scale studies to determine the benefit and safety of

nICT are needed in the future.
4.1 More residual tumor in mucosa
or submucosa

The location of the bulk of residual tumor in mucosa, submucosa,

muscularis propria and adventitia was analyzed. A study from

Shapiro et al., which examined the distribution of residual cancer

cells within the esophageal wall after nCRT, found that 89% (63/71) of

EC patients had residual tumors present in the mucosa, submucosa,

or both (12). In our previous study, 83.3% (115/138) of ESCC patients

had residual tumors in these two superficial layers after nCRT (16).

These results indicated the preferential persistence of malignant cells

in the mucosa/submucosa of EC after nCRT. In terms of the

differences in molecular mechanism and microscopic appearance

between immunotherapy and chemotherapy, we wondered whether

there were some differences in the location and distribution of

residual tumors. In this nICT study, whether in the prepT2

nonpCR group or in the prepT3-4a nonpCR group, the percentage

of residual tumors in the mucosa and/or submucosa was 94.6%, which

was slightly higher than those with nCRT.

To detect residual tumors during neoadjuvant therapy, endoscopy

and CT are the current standards, and additional examinations, such

as PET, EUS, or biopsy, may be added (23). In our study, 94.6% of

residual tumors were in the mucosa and/or submucosa. Moreover,

97.8% of the minor responders had residual tumors>10% in the

mucosa or submucosa. This indicated that there was a higher chance

of detecting residual tumors in the mucosa or submucosa. With

improvements in the efficacy of detecting residual tumors by

endoscopy biopsies or fine-needle aspirations, it might be possible

to detect residual disease in mucosa or submucosa for restage after

nICT and subsequent surveillance (24). Some patients who want to

have organs preserved might have the chance to consider a wait-and-

see approach (25).
4.2 The directions of regression toward
the lumen

By comparing the residual tumors in 2 esophageal wall layers with

those in the other 2 wall layers, the directions of regression were

categorized into four patterns in nCRT: 1) regression toward the

lumen; 2) regression toward the invasive front; 3) concentric

regression; and 4) random regression. In Shapiro et al.’s study, the

regression pattern was mainly a mixed pattern of concentric

regression and regression toward the lumen (12). In our previous

study, random regression (49%) was significantly more common than

the other 3 types (19%, 15%, and 17%) (16). Here, we compared the 4

regression patterns in patients with ESCC after nICT. In the prepT2

patients and prepT3-4a patients, regression toward the lumen (76.4%/

60.7%) was significantly more common than the other 3 patterns

(7.3%/3.6%, 5.5%/8.9%, and 10.9%/26.8%). Our results indicated the
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relatively high responsiveness of the invasive front (muscularis

propria and/or adventitia) in ESCC after nICT.

This difference in response to nICT in different layers of the

esophageal wall could possibly be explained by cancer cell-stroma

interactions. Pathologic features of the response to neoadjuvant

anti-PD-1 therapy in non-small-cell lung carcinoma (NSCLC)

demonstrated that regression beds surrounded residual tumors

and abutted normal background lung tissue (9). In our study,

tumors in the invasive front were characterized by dense immune

infiltrates and cell death, as reported in other tumors (26). The

tumor microenvironment (TME) plays an important role in

determining cancer cell sensitivity to PD-1 inhibitors (27). Thus,

a better understanding of the TME, such as tumor PD-L1

expression, tertiary lymphoid structure (TLS), tumor-infiltrating

lymphocytes (TIL), tumor-associated macrophages (TAM), and

myeloid-derived suppressor cells (MDSC), is increasingly

important (28–30). In the near future, more mechanistic studies

on the interaction between tumor cells and the TME should be

conducted to select ESCC patients with the highest chance of

benefiting from immunotherapy.
4.3 Pathological response in resected
lymph nodes

Some regression grading systems included therapy-induced

effects on the primary tumor; however, they did not separately

assess the responses on resected lymph nodes (11). A study from

the Netherlands Cancer Registry that included 645 ESCC patients

who underwent nCRT found that high lymph node dissection was

associated with improved OS (31). Some prospective observation

trials demonstrated that ypN status was a significant prognostic

parameter for patients with R0 resection following nCRT (13, 32,

33). In negative nodes, some studies found that the presence of tumor

regression changes seems to impact the prognosis and recommended

that these should also be included in pathology reports (34).

Therefore, although the assessment of the primary tumor was

prognostically meaningful, the assessment of the lymph nodes was

equally important and significant. In our study, 53.2% (59/111) of

patients had regression changes and/or residual tumor in resected

lymph nodes (prepN1-3). We found some differences in terms of pCR

between primary tumors and lymph nodes. Among 47 patients with

residual tumor in lymph nodes (ypN1-3), 10.6% patients had an

esophageal wall pCR. Among 22 patients with pCR in lymph nodes

(prepN1-3 and ypN0), only 45.5% of patients had an esophageal wall

pCR. The pCR rate in lymph nodes (31.9%) was higher than the pCR

rate in the esophageal wall (22.6%). At present, there have been few

studies evaluating the correlation between lymph node response and

the esophageal wall in ESCC after nICT.

RLN lymph nodes, with a reported metastasis rate of 18-63%,

are the crucial indicator during esophagectomy, which may have

decided the necessity of cervical lymphadenectomy in some

previous studies (35). The need to dissect RLN lymph nodes in

patients who have undergone neoadjuvant therapy is even more

controversial, given that neoadjuvant therapy may clear the
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metastatic focus and induced mediastinal fibrosis may increase the

risk of recurrent laryngeal nerve palsy (14, 36). However, no data are

currently available on the treatment response of recurrent laryngeal

nerve lymph nodes after nICT. In light of these knowledge gaps, we

observed regression changes in RLN lymph nodes after nICT.

Among 19 patients with pCR in resected RLN lymph nodes

(42.2% of patients with regression changes and/or residual tumor

in RLN lymph nodes), 31.6% patients had residual tumors in one or

more of other resected lymph nodes. As presented in the current

analysis, residual tumors could also be found in lymph nodes of

other sites in prepN1-3 patients without visible tumors in the RLN

lymph nodes. Therefore, radical lymphadenectomy might also be

necessary in cases with pCR of resected RLN lymph nodes at

intraoperative frozen diagnosis.
4.4 Downstaging and pathological response

Disease downstaging seems to be the strongest prognostic factor

in neoadjuvantly treated patients. In the 8th edition AJCC TNM stage

of ESCC, neoadjuvant pathologic stage groups are recommended,

which highlights the importance of the postneoadjuvant stage (37).

The pathological response scoring was thought to be less important.

Patients with a good response to nCRT or nCT might have high ypT

stage and ypN stage, which may be responsible for the lower relevance

of survival in multivariate analysis (33). In our study, 72.4% of prepT2

ESCC, 41.7% of prepT3, 52.8% of prepN1, 53.8% of prepN2, and

57.1% of prepN3 were downstaged after nICT. We also found that in

the downstaged group, the percentage of pathological responders was

higher than that in the nondownstaged group, with 89.1% vs. 42.8 in

prepT2, 92% vs. 25.7% in prepT3, 100% vs. 5.8% in prepN1, 35.7% vs.

8.3% in prepN2, and 25.0% vs. 0 in prepN3. The correlation between

T downstaging and pathological response might be attributed to the

directions of regression toward the lumen in most of our patients. The

regression response may complement ypStage and help clinicians

make appropriate decisions about postoperative treatment and

surveillance strategies for ESCC patients who undergo nICT

followed by surgery.

In conclusion, the current study identified that there was a higher

percentage of residual tumors in the mucosa or submucosa in ESCC

patients treated with nICT, which offered the opportunity for

detecting residual disease in the 2 layers during restaging and

subsequent surveillance. The direction of regression toward the

lumen was most frequent, which indicated the relatively high

responsiveness of the invasive front and may lead to the better

correlation between ypStage and pathological response. Some

differences in pCR status between primary tumors and resected

lymph nodes existed, and they were also found between recurrent

laryngeal lymph nodes and lymph nodes of other sites, which

indicated that the assessment of all resected lymph nodes is

necessary and important. Taken together, our results demonstrated

the distribution of residual tumors in ESCC after nICT, which may

assist clinicians in making better treatment and follow-up strategies

after nICT.
Frontiers in Oncology 10
Data availability statement

The original contributions presented in the study are included in

the article/Supplementary Material. Further inquiries can be directed

to the corresponding authors.
Ethics statement

The studies involving human participants were reviewed

and approved by institutional review board of Zhongshan Hospital,

Fudan University (B2022-632). The patients/participants provided

their written informed consent to participate in this study.
Author contributions

YH and LT performed study concept and design; DJ, QS, and HT

performed development of methodology and writing; YH and LT

review and revision of the paper; DJ, QS, HT, PS, XZ, YL, HW, MD,

and JH provided acquisition, analysis and interpretation of data, and

statistical analysis; JS and CX provided technical and material

support. All authors contributed to the article and approved the

submitted version.
Funding

This work was financially supported by National Natural Science

Foundation of China (No. 81702372), Shanghai Municipal Health

Commission (No. 20214Y0275), Shanghai Municipal Key Clinical

Specialty (No. shslczdzk01302), and Shanghai Science and

Technology Development Fund (No. 19MC1911000).
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.
Supplementary material

The Supplementary Material for this article can be found online

at: https://www.frontiersin.org/articles/10.3389/fonc.2023.1067897/

full#supplementary-material
frontiersin.org

https://www.frontiersin.org/articles/10.3389/fonc.2023.1067897/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fonc.2023.1067897/full#supplementary-material
https://doi.org/10.3389/fonc.2023.1067897
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org


Jiang et al. 10.3389/fonc.2023.1067897
References
1. Sung H, Ferlay J, Siegel RL, Laversanne M, Soerjomataram I, Jemal A, et al. Global
cancer statistics 2020: GLOBOCAN estimates of incidence and mortality worldwide for
36 cancers in 185 countries. CA: Cancer J Clin (2021) 71(3):209–49. doi: 10.3322/
caac.21660

2. Zhang S, Sun K, Zheng R, Zeng H, Wang S, Chen R, et al. Cancer incidence and
mortality in China, 2015. J Natl Cancer Center. (2021) 10:21–2. doi: 10.1016/
j.jncc.2020.12.001

3. Shapiro J, van Lanschot JJB, Hulshof M, van Hagen P, van Berge Henegouwen MI,
Wijnhoven BPL, et al. Neoadjuvant chemoradiotherapy plus surgery versus surgery alone
for oesophageal or junctional cancer (CROSS): long-term results of a randomised
controlled trial. Lancet Oncol (2015) 16(9):1090–8. doi: 10.1016/S1470-2045(15)00040-6

4. Medical Research Council Oesophageal Cancer Working Group. Surgical resection
with or without preoperative chemotherapy in oesophageal cancer: A randomised
controlled trial. Lancet (London England) (2002) 359(9319):1727–33. doi: 10.1016/
S0140-6736(02)08651-8

5. Sun JM, Shen L, Shah MA, Enzinger P, Adenis A, Doi T, et al. Pembrolizumab plus
chemotherapy versus chemotherapy alone for first-line treatment of advanced
oesophageal cancer (KEYNOTE-590): a randomised, placebo-controlled, phase 3 study.
Lancet (London England). (2021) 398(10302):759–71. doi: 10.1016/S0140-6736(21)
01234-4

6. Shang X, Zhang W, Zhao G, Liang F, Zhang C, Yue J, et al. Pembrolizumab
combined with neoadjuvant chemotherapy versus neoadjuvant chemoradiotherapy
followed by surgery for locally advanced oesophageal squamous cell carcinoma:
Protocol for a multicentre, prospective, randomized-controlled, phase III clinical
study (Keystone-002). Front Oncol (2022) 12:831345. doi: 10.3389/fonc.2022.
831345

7. Yang Y, Zhu L, Cheng Y, Liu Z, Cai X, Shao J, et al. Three-arm phase II trial
comparing camrelizumab plus chemotherapy versus camrelizumab plus chemoradiation
versus chemoradiation as preoperative treatment for locally advanced esophageal
squamous cell carcinoma (NICE-2 study). BMC cancer. (2022) 22(1):506. doi: 10.1186/
s12885-022-09573-6

8. Blum Murphy M, Xiao L, Patel VR, Maru DM, Correa AM, Amlashi FG, et al.
Pathological complete response in patients with esophageal cancer after the trimodality
approach: The association with baseline variables and survival-the university of Texas MD
Anderson cancer center experience. Cancer (2017) 123(21):4106–13. doi: 10.1002/
cncr.30953

9. Cottrell TR, Thompson ED, Forde PM, Stein JE, Duffield AS, Anagnostou V, et al.
Pathologic features of response to neoadjuvant anti-PD-1 in resected non-small-cell lung
carcinoma: a proposal for quantitative immune-related pathologic response criteria
(irPRC). Ann Oncol Off J Eur Soc Med Oncol (2018) 29(8):1853–60. doi: 10.1093/
annonc/mdy218

10. Westerhoff M, Osecky M, Langer R. Varying practices in tumor regression grading
of gastrointestinal carcinomas after neoadjuvant therapy: results of an international
survey. Modern Pathol an Off J United States Can Acad Pathology Inc. (2020) 33(4):676–
89. doi: 10.1038/s41379-019-0393-7

11. Zhang X, Jain D. Updates in staging and pathologic evaluation of esophageal
carcinoma following neoadjuvant therapy. Ann New York Acad Sci (2020) 1482(1):163–
76. doi: 10.1111/nyas.14462

12. Shapiro J, ten Kate FJ, van Hagen P, Biermann K, Wijnhoven BP, van Lanschot JJ.
Residual esophageal cancer after neoadjuvant chemoradiotherapy frequently involves the
mucosa and submucosa. Ann surgery. (2013) 258(5):678–88; discussion 88-9. doi:
10.1097/SLA.0b013e3182a6191d

13. Leng X, He W, Yang H, Chen Y, Zhu C, Fang W, et al. Prognostic impact of
postoperative lymph node metastases after neoadjuvant chemoradiotherapy for locally
advanced squamous cell carcinoma of esophagus: From the results of NEOCRTEC5010, a
randomized multicenter study. Ann surgery. (2021) 274(6):e1022–e9. doi: 10.1097/
SLA.0000000000003727

14. Chao YK, Chiu CH, Liu YH. Safety and oncological efficacy of bilateral recurrent
laryngeal nerve lymph-node dissection after neoadjuvant chemoradiotherapy in
esophageal squamous cell carcinoma: a propensity-matched analysis. Esophagus (2020)
17(1):33–40. doi: 10.1007/s10388-019-00688-7

15. Jiang D, Wang H, Song Q, Wang H, Wang Q, Tan L, et al. Comparison of the
prognostic difference between ypTNM and equivalent pTNM stages in esophageal
squamous cell carcinoma based on the 8th edition of AJCC classification. J Cancer.
(2020) 11(7):1808–15. doi: 10.7150/jca.34567

16. Tang H, Jiang D, Zhang S, Zeng Z, Tan L, Hou Y, et al. Residual tumor
characteristics of esophageal squamous cell carcinoma after neoadjuvant
chemoradiotherapy. J Thorac Cardiovasc surgery. (2021) 162(6):1632–41. doi: 10.1016/
j.jtcvs.2020.09.042

17. Chirieac LR, Swisher SG, Ajani JA, Komaki RR, Correa AM, Morris JS, et al.
Posttherapy pathologic stage predicts survival in patients with esophageal carcinoma
receiving preoperative chemoradiation. Cancer (2005) 103(7):1347–55. doi: 10.1002/
cncr.20916
Frontiers in Oncology 11
18. Yang G, Su X, Yang H, Luo G, Gao C, Zheng Y, et al. Neoadjuvant programmed
death-1 blockade plus chemotherapy in locally advanced esophageal squamous cell
carcinoma. Ann Trans Med (2021) 9(15):1254. doi: 10.21037/atm-21-3352

19. Yang W, Xing X, Yeung SJ, Wang S, Chen W, Bao Y, et al. Neoadjuvant
programmed cell death 1 blockade combined with chemotherapy for resectable
esophageal squamous cell carcinoma. J immunotherapy Cancer (2022) 10(1):e003497.
doi: 10.1136/jitc-2021-003497

20. He W, Leng X, Mao T, Luo X, Zhou L, Yan J, et al. Toripalimab plus paclitaxel and
carboplatin as neoadjuvant therapy in locally advanced resectable esophageal squamous
cell carcinoma. oncologist. (2022) 27(1):e18–28. doi: 10.1093/oncolo/oyab011

21. Hong ZN, Gao L, Weng K, Huang Z, Han W, Kang M. Safety and feasibility of
esophagectomy following combined immunotherapy and chemotherapy for locally
advanced esophageal squamous cell carcinoma: A propensity score matching analysis.
Front Immunol (2022) 13:836338. doi: 10.3389/fimmu.2022.836338

22. Liu J, Li J, Lin W, Shao D, Depypere L, Zhang Z, et al. Neoadjuvant camrelizumab
plus chemotherapy for resectable, locally advanced esophageal squamous cell carcinoma
(NIC-ESCC2019): A multicenter, phase 2 study. Int J cancer. (2022) 151(1):128–37. doi:
10.1002/ijc.33976

23. Eyck BM, Onstenk BD, Noordman BJ, Nieboer D, Spaander MCW, Valkema R,
et al. Accuracy of detecting residual disease after neoadjuvant chemoradiotherapy for
esophageal cancer: A systematic review and meta-analysis. Ann surgery. (2020) 271
(2):245–56. doi: 10.1097/SLA.0000000000003397

24. Khaitan PG, Holliday T, Carroll A, Hofstetter WL, Bayley EM, Zhou N, et al. Can
Clinical Response Predict Pathologic Response Following Neoadjuvant Chemoradiation for
Esophageal Cancer? Journal of gastrointestinal surgery: Official journal of the Society for
Surgery of the Alimentary Tract. (2022) 26(7):1345–51. doi: 10.1007/s11605-022-05315-y

25. Fitzgerald RC. Organ-preserving approaches in oesophageal cancer. Lancet Oncol
(2018) 19(7):858–9. doi: 10.1016/S1470-2045(18)30291-2

26. Stein JE, Lipson EJ, Cottrell TR, Forde PM, Anders RA, Cimino-Mathews A, et al.
Pan-tumor pathologic scoring of response to PD-(L)1 blockade. Clin Cancer Res an Off J
Am Assoc Cancer Res (2020) 26(3):545–51. doi: 10.1158/1078-0432.CCR-19-2379

27. Topalian SL, Taube JM, Pardoll DM. Neoadjuvant checkpoint blockade for cancer
immunotherapy. Sci (New York NY). (2020) 367(6477):eaax0182. doi: 10.1126/
science.aax0182

28. Yamamoto K, Makino T, Sato E, Noma T, Urakawa S, Takeoka T, et al. Tumor-
infiltrating M2 macrophage in pretreatment biopsy sample predicts response to
chemotherapy and survival in esophageal cancer. Cancer science. (2020) 111(4):1103–
12. doi: 10.1111/cas.14328

29. Schumacher TN, Thommen DS. Tertiary lymphoid structures in cancer. Sci (New
York NY) (2022) 375(6576):eabf9419. doi: 10.1126/science.abf9419

30. Hatogai K, Fujii S, Kitano S, Kojima T, Daiko H, Yoshino T, et al. Relationship
between the immune microenvironment of different locations in a primary tumour and
clinical outcomes of oesophageal squamous cell carcinoma. Br J cancer. (2020) 122
(3):413–20. doi: 10.1038/s41416-019-0622-3

31. Visser E, van Rossum PSN, Ruurda JP, van Hillegersberg R. Impact of lymph node
yield on overall survival in patients treated with neoadjuvant chemoradiotherapy followed
by esophagectomy for cancer: A population-based cohort study in the Netherlands. Ann
surgery. (2017) 266(5):863–9. doi: 10.1097/SLA.0000000000002389

32. Davarzani N, Hutchins GGA, West NP, Hewitt LC, Nankivell M, Cunningham D,
et al. Prognostic value of pathological lymph node status and primary tumour regression
grading following neoadjuvant chemotherapy - results from the MRC OE02 oesophageal
cancer trial. Histopathology (2018) 72(7):1180–8. doi: 10.1111/his.13491

33. Miyata H, Tanaka K, Makino T, Yamasaki M, Miyazaki Y, Takahashi T, et al. The
impact of pathological tumor regression and nodal status on survival and systemic disease
in patients undergoing neoadjuvant chemotherapy for esophageal squamous cell
carcinoma. Ann Surg Oncol (2018) 25(8):2409–17. doi: 10.1245/s10434-018-6507-5

34. Reim D, Novotny A, Friess H, Slotta-Huspenina J, Weichert W, Ott K, et al.
Significance of tumour regression in lymph node metastases of gastric and gastro-
oesophageal junction adenocarcinomas. J Pathol Clin Res (2020) 6(4):263–72. doi:
10.1002/cjp2.169

35. Yan HJ, Mao WJ, Yu RX, Jiang KY, Huang H, Zong ZD, et al. Preoperative clinical
characteristics predict recurrent laryngeal nerve lymph node metastasis and overall
survival in esophageal squamous cell carcinoma: A retrospective study with external
validation. Front Oncol (2022) 12:859952. doi: 10.3389/fonc.2022.859952

36. Pai CP, Hsu PK, Chien LI, Huang CS, Hsu HS. Clinical outcome of patients after
recurrent laryngeal nerve lymph node dissection for oesophageal squamous cell
carcinoma. Interactive Cardiovasc Thorac surgery. (2022) 34(3):393–401. doi: 10.1093/
icvts/ivab293

37. Sudo N, Ichikawa H, Muneoka Y, Hanyu T, Kano Y, Ishikawa T, et al. Clinical
utility of ypTNM stage grouping in the 8th edition of the American joint committee on
cancer TNM staging system for esophageal squamous cell carcinoma. Ann Surg Oncol
(2021) 28(2):650–60. doi: 10.1245/s10434-020-09181-3
frontiersin.org

https://doi.org/10.3322/caac.21660
https://doi.org/10.3322/caac.21660
https://doi.org/10.1016/j.jncc.2020.12.001
https://doi.org/10.1016/j.jncc.2020.12.001
https://doi.org/10.1016/S1470-2045(15)00040-6
https://doi.org/10.1016/S0140-6736(02)08651-8
https://doi.org/10.1016/S0140-6736(02)08651-8
https://doi.org/10.1016/S0140-6736(21)01234-4
https://doi.org/10.1016/S0140-6736(21)01234-4
https://doi.org/10.3389/fonc.2022.831345
https://doi.org/10.3389/fonc.2022.831345
https://doi.org/10.1186/s12885-022-09573-6
https://doi.org/10.1186/s12885-022-09573-6
https://doi.org/10.1002/cncr.30953
https://doi.org/10.1002/cncr.30953
https://doi.org/10.1093/annonc/mdy218
https://doi.org/10.1093/annonc/mdy218
https://doi.org/10.1038/s41379-019-0393-7
https://doi.org/10.1111/nyas.14462
https://doi.org/10.1097/SLA.0b013e3182a6191d
https://doi.org/10.1097/SLA.0000000000003727
https://doi.org/10.1097/SLA.0000000000003727
https://doi.org/10.1007/s10388-019-00688-7
https://doi.org/10.7150/jca.34567
https://doi.org/10.1016/j.jtcvs.2020.09.042
https://doi.org/10.1016/j.jtcvs.2020.09.042
https://doi.org/10.1002/cncr.20916
https://doi.org/10.1002/cncr.20916
https://doi.org/10.21037/atm-21-3352
https://doi.org/10.1136/jitc-2021-003497
https://doi.org/10.1093/oncolo/oyab011
https://doi.org/10.3389/fimmu.2022.836338
https://doi.org/10.1002/ijc.33976
https://doi.org/10.1097/SLA.0000000000003397
https://doi.org/10.1007/s11605-022-05315-y
https://doi.org/10.1016/S1470-2045(18)30291-2
https://doi.org/10.1158/1078-0432.CCR-19-2379
https://doi.org/10.1126/science.aax0182
https://doi.org/10.1126/science.aax0182
https://doi.org/10.1111/cas.14328
https://doi.org/10.1126/science.abf9419
https://doi.org/10.1038/s41416-019-0622-3
https://doi.org/10.1097/SLA.0000000000002389
https://doi.org/10.1111/his.13491
https://doi.org/10.1245/s10434-018-6507-5
https://doi.org/10.1002/cjp2.169
https://doi.org/10.3389/fonc.2022.859952
https://doi.org/10.1093/icvts/ivab293
https://doi.org/10.1093/icvts/ivab293
https://doi.org/10.1245/s10434-020-09181-3
https://doi.org/10.3389/fonc.2023.1067897
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org

	Distribution of residual tumors in esophageal squamous cell carcinoma after neoadjuvant PD-1 blockade combined with chemotherapy
	1 Introduction
	2 Materials and methods
	2.1 Patients
	2.2 Neoadjuvant PD-1 inhibitors and chemotherapy
	2.3 Pathological examination
	2.4 Pathological evaluation
	2.5 Statistical analysis

	3 Results
	3.1 Patient characteristics7
	3.2 Location and distribution of residual tumors in nonpCR patients
	3.3 Minor responders in the mucosa and submucosa
	3.4 Tumor regression pattern in the esophageal wall
	3.5 Tumor regression in prepN1-3 patients
	3.6 ypStage and TRG

	4 Discussion
	4.1 More residual tumor in mucosa or submucosa
	4.2 The directions of regression toward the lumen
	4.3 Pathological response in resected lymph nodes
	4.4 Downstaging and pathological response

	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Supplementary material
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /sRGB
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


