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Background: Dairy product consumption is associated with ovarian cancer (OC)
incidence. However, limited evidence is available on its influence on OC mortality.

Methods: The association between pre-diagnostic dairy product intake and OC
mortality was investigated in the OC follow-up study, which included a hospital-based
cohort (n = 853) of women diagnosed with epithelial OC between 2015 and
2020. Pre-diagnosis diet information was collected using a validated food frequency
questionnaire. Deaths were ascertained up to March 31, 2021 via death registry linkage.
Cox proportional hazards model was used to estimate the adjusted hazard ratio (HR)
and 95% confidence interval (Cl) for the aforementioned association.

Results: A total of 130 women died during the median follow-up of 37.2 months
(interquartile: 24.7-50.2 months). Comparisons of highest to lowest tertile intake showed
that pre-diagnosis dairy product use was associated with total OC mortality (HR = 2.03,
95% Cl = 1.21-3.40, p trend = 0.06). In addition, short survival was separately
associated with protein (HR =2.09, 95% Cl = 1.25-3.49, p trend < 0.05), fat (HR = 2.16,
95% ClI = 1.30-3.61, p trend < 0.05), and calcium (HR = 2.03, 95% Cl = 1.21-3.4,
p trend = 0.06) from dairy intake. Similar positive magnitudes were observed for
menopausal status, residual lesions, histological type, and body mass index, although
not all of these factors showed statistical significance.

Conclusion: Pre-diagnosis dairy product consumption, including protein, fat, and
calcium from dairy intake, was associated with higher mortality among OC survivors.

Keywords: cohort, dairy, mortality, ovarian cancer, prognosis, survival

INTRODUCTION

Ovarian cancer (OC) is one of the most fatal gynecological malignancies, with an estimated 313,959
new cases and 207,252 new deaths globally in 2020 (1). In China, OC is the second leading cause of
gynecological malignancy death, with ~25,000 new cases and 22,000 new deaths in 2015 (2). Since
there are few early specific symptoms, a high proportion of women are diagnosed at advanced stages
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when the therapeutic effect is poor and the fatality rate is high (3).
Although the 5-year survival rate has increased in recent years, it
was still <50% in China (4), which seriously threatens women’s
health. Evidence suggests that several factors can influence the
OC prognosis, including histotype, stage of disease at diagnosis,
volume of residual disease after primary debulking surgery,
parity, and number of ovulatory cycles (3, 5, 6). However, most of
these factors are difficult to modify. In the last decade, increasing
evidence has suggested that diet is a feasible intervention target,
which might affect survival in OC patients (7-9).

Dairy products are an important and common part of daily
diet. Dairy products are rich in protein, fat, and calcium. The
fat in dairy products may be related to high levels of circulating
estrogen and insulin-like growth factor-1, which may be
associated with poor OC prognosis (10-14). Several studies have
investigated the relationship between pre-diagnosis consumption
of milk or dairy products and OC prognosis (7-9, 15, 16). Among
them, three studies have reported a null association (8, 9, 16).
However, some investigations have generated different results.
For example, Nagle et al. found a modest relationship between
pre-diagnosis dairy intake and poor survival for 609 Australian
OC patients (15). Only one prospective cohort study conducted
in the U.S. has reported a significant negative association
between all types of milk consumption and OC survival (7).
This inconsistent evidence might be attributed to different study
design, population, exposure assessment, and adjustment for
potential confounders. Furthermore, none of these studies has
further analyzed the association between main nutrients in pre-
diagnosis dairy product consumption and OC mortality. To the
best of our knowledge, no study has explored the effect of dairy
products on the survival of Chinese women with OC who may
have different daily intake and consume different types of dairy
compared to the American and European population.

Therefore, a prospective follow-up study was conducted to
investigate the association between pre-diagnosis consumption
of dairy products and related nutrients, including protein, fat,
and calcium, and OC prognosis in China.

MATERIALS AND METHODS

Study Population

The OC follow-up study (OOPS) is a prospective longitudinal
cohort study of newly diagnosed OC patients. Participants were
recruited for the purpose of collecting demographic, clinical, and
lifestyle data in order to assess their associations with cancer-
related outcomes. The study was approved by the Institutional
Review Board of the Ethics Committee of Shengjing Hospital of
China Medical University. All women provided signed consent to
participate. Based on traditional statistics and previous published
studies, we set o = 0.05, Z1_¢,05/2 = 1.96, Zg = 1.28, Py = 0.30,
RR = 1.40, P; = 0.42. And, we calculated the sample size is
662. Actually, a total of 853 women aged 18-79 years who were
newly diagnosed with OC were identified between January 2015
and December 2020. Of these, 796 women agreed to participate
and 744 (93%) returned the completed study questionnaire.
After excluding participants who reported significantly abnormal
caloric intake (<500 or > 3,500 calories per day; n = 17) or left

11 (10%) or more food items blank (n = 24), dietary data were
available for 703 women with OC (Figure 1), which reached the
statistical power.

Data Collection

Information on demographic and lifestyle factors was collected in
person using a self-administered questionnaire, which included
information on diet, smoking status, alcohol intake status, tea
intake status, menopausal status, parity, education, income, and
amount of physical activity. Anthropometrics, including weight
and height [used to calculate body mass index (BMI)], were
measured at baseline. In addition, clinically relevant covariates
included age at diagnosis, histological type, histopathologic
grade, International Federation of Gynecology and Obstetrics
(FIGO) stage, residual lesions, and comorbidities. Information
on these covariates was collected from the electronic medical
records of the Shengjing hospital information system.

Dietary Exposure Assessment

Dietary intake was assessed at recruitment via a 111-item food
frequency questionnaire (FFQ), which was an extended version
of a previously validated FFQ (with an addition of 11 food items)
used in the Tianjin Chronic Low-grade Systemic Inflammation
and Health cohort study (17, 18). Participants were required
to recall their accustomed intake of these food items during
the year prior to OC diagnosis. Seven response categories
were provided for each food item (i.e., almost never, less than
once a week, once a week, two to three times a week, four
to six times a week, once a day, and two or more times a
day). Total dairy product intake was calculated by summing
up intake amounts of whole milk, low-fat dairy, yogurt, and
cheese. Intakes of different dairy products in grams/day were
computed by multiplying consumption frequencies per day and
fitted portion sizes (g/time). In addition, consumption of protein,
fat, and calcium was computed from the above dairy products.
Nutrient intake was determined by multiplying the frequency of
consumption of each food by the nutrient content of the specified
portions. Nutrient intake was estimated based on the Chinese
Food Composition Tables (19).

Follow-Up and Outcome

Information on the vital status of participants was determined
using data extracted from the medical records every 6 months
and by active follow-up. All-cause mortality was the endpoint
for follow-up. Survival time was defined as the interval between
histologic diagnosis and date of death from any cause or the
date of last follow-up (March 31, 2021) for patients who were
still alive.

Statistical Analysis

Differences in general and clinical characteristics across dairy
product intake categories were assessed using one-way ANOVA
or the Kruskal-Wallis test for continuous variables, and the %2
test for categorical variables. The Kaplan-Meier technique was
used to plot crude survival curves and estimate crude overall
survival probabilities. Cox proportional hazards regression was
used to calculate the hazard ratio (HR) and 95% confidence
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FIGURE 1 | Flow of participants through study.

interval (CI) for the association of baseline dairy products and
relative nutrient intake with overall survival. The proportional
hazards assumption was evaluated by including an interaction
term between each activity variable and log survival time. No
violations were observed (all p > 0.05). Dairy product intake
was categorized by tertile distribution, where the lowest tertile
served as the reference group. Tests for linear trends were carried
out by assigning the median value of consumption for each
tertile of dairy products and relative nutrients and treating it
as a continuous variable in the respective regression model.
To control for confounding factors, the model was adjusted
for age at diagnosis (<50, >50 years), total energy intake
(continuous, kcal), BMI (continuous, kg/m?), comorbidities (yes
or no), diet change (yes or no), dietary pattern (derived using
principal components for factor analysis), education (junior
secondary or below, senior high school/technical secondary
school, and junior college/university or above), FIGO stage (I-
II, ITII-IV, and unknown), histological type (serous, non-serous),
histopathologic grade (well, moderate, and poorly differentiated),

menopausal status (yes or no), parity (<1, >2), physical activity
(continuous), residual lesions (none, <1, >1cm), and smoking
status (yes or no). Selection of covariates for the final model was
based on clinical significance, previous studies, and degree of
correlation with the exposure.

Stratified exploratory analyses were also performed using
categories of menopausal status (“no” compared to “yes”),
residual lesions (“no” compared to “yes”), histological type
(serous compared to non-serous), and BMI (<25 compared
to >25 kg/m?). Respective multiplicative interaction terms in
the multivariable-adjusted models were tested by including the
cross product of the dairy products or relative nutrients as
a continuous variable and the potential effect modifier as a
continuous or categorical variable, as appropriate. In addition,
the association between pre-diagnosis dairy product intake and
overall survival in stage IIT or IV OC patients was analyzed. All
analyses were performed using SAS version 9.4 (SAS Institute,
Cary, NC, USA). Two-sided P-values of < 0.05 were considered
statistically significant.
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TABLE 1 | General characteristics of ovarian cancer patients according to dairy products (N = 703).

Variables Total dairy products consumption (g/day) P-value
T1 (<17.46) T2 (17.46-90.00) T3 (>90.00)
No. of patients 232 235 237
Age at diagnosis (years), Median (IQR) 53.00 (48.00-60.00) 53.50 (47.00-60.00) 53.00 (48.00-61.00) 0.56
Follow-up time (m), Median (IQR) 33.83 (23.25-47.30) 30.92 (19.77-47.87) 29.60 (17.63-45.23) 0.23
Body mass index (kg/m?), Median (IQR) 23.30 (21.30-25.25) 23.30 (20.70-25.00) 23.30 (20.80-25.00) 0.70
Physical activity (MET/hours/days), Median (IQR) 14.15 (6.15-21.55) 14.10 (7.30-22.00) 13.60 (6.10-22.90) 0.85
Diet intake (Mean =+ SD)
Total energy (kcal/d) 1,168.06 + 394.29 1,406.47 + 472.09 1,786.04 + 585.62 <0.05
Meat (g/day) 27.76 £22.76 36.70 £+ 28.23 44.49 £ 33.91 <0.05
Eggs (g/day) 31.83 +26.23 34.71 £ 26.34 46.56 + 26.65 <0.05
Fish and seafood (g/day) 22.60 + 31.63 27.43+ 24.66 35.39 £+ 32.70 <0.05
Beans and bean products (g/day) 68.45 + 68.97 85.45 + 77.06 101.55 £+ 85.11 <0.05
Vegetables (g/day) 192.81 £ 122.42 202.72 + 108.51 246.53 + 127.06 <0.05
Fruits (g/day) 163.73 + 132.59 189.81 £+ 152.41 239.45 + 173.92 <0.05
Diet change (n, %) 0.07
No 188 (81.03) 169 (72.22) 178 (75.11)
Yes 44 (18.97) 69 (27.78) 59 (24.89)
Smoke status (n, %) 0.15
No 203 (87.50) 212 (90.60) 220 (92.83)
Yes 29 (12.50) 22 (9.40) 17 (7.17)
Alcohol intake (n, %) 0.08
No 194 (83.62) 181 (77.35) 179 (75.53)
Yes 38 (16.38) 53 (22.65) 58 (24.47)
Tea drinking (n, %) 0.60
No 161 (69.40) 161 (68.80) 155 (65.40)
Yes 71 (30.60) 73 (31.20) 82 (34.60)
Menopausal status (n, %) 0.48
No 58 (25.0) 66 (28.21) 71 (29.96)
Yes 174 (75.0) 168 (71.79) 166 (70.04)
Parity (n, %) <0.05
<1 144 (62.07) 172 (73.50) 189 (79.75)
>2 88 (37.93) 62 (26.50) 48 (20.25)
Educational level (n, %) 0.09
Junior secondary or below 140 (60.34) 112 (47.86) 1283 (51.90)
Senior high school/technical secondary school 42 (18.11) 52 (22.22) 53 (22.36)
Junior college/university or above 50 (21.55) 70 (29.92) 61 (25.74)
Income per month (Yuan), (n, %) 0.44
<5,000 145 (62.50) 144 (61.54) 132 (55.70)
5,000 to <10,000 59 (25.43) 59 (25.21) 76 (32.07)
>10,000 28 (12.07) 31(13.25) 29 (12.23)

IQR, interquartile range; MET, metabolic equivalent task; SD, standard deviation; T, tertile.

RESULTS

General characteristics of 703 OC patients organized by tertiles
of total dairy consumption are listed in Table 1. Patients
with a higher total dairy product intake were more likely to
consume total energy, meat, eggs, fish and seafood, beans and
bean products, vegetables, and fruits, and had less parity. No
differences in other listed variables were observed. Among the
703 OC patients included in the analysis, 130 deaths occurred

during a median follow-up of 37.17 months (interquartile: 24.73—
50.17 months). Non-serous histological subtype, later-stage
disease, and greater residual disease were statistically significantly
associated with worse survival in this cohort (Table 2).

Table 3 represents the associations between total dairy and
relative nutrient intake and overall survival of OC. Patients with
total dairy product intake in the highest tertile had worse overall
survival compared to those in the lowest tertile (HR = 2.03,
95% CI = 1.21-3.40), though a linear trend was not evident (p
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TABLE 2 | Selected clinical characteristics and associations with all-cause
mortality among women diagnosed with ovarian cancer (N = 703).

TABLE 3 | Hazard ratio (95% Cl) for overall survival among ovarian cancer
patients according to total dairy and relative nutrients intake.

Characteristic No. of Crude HR Adjusted HR?

deaths/total (95% Cl) (95% CI)
(%)

Age at diagnosis

<50 45/258 (17.44) 1.00 (ref) 1.00 (ref)

>50 85/445 (19.10) 1.18 (0.82-1.70)  1.24 (0.85-1.79)

Histological type

Serous 92/479 (19.21) 1.00 (ref) 1.00 (ref)

Non-serous 38/224 (16.96)  0.87 (0.59-1.27) 1.71 (1.11-2.66)

Histopathologic

grade

Well-differentiated 5/56 (8.93) 1.00 (ref) 1.00 (ref)

Moderately 7/48 (14.58) 1.44 (0.46-4.57) 1.12(0.35-3.57)

differentiated

Poorly differentiated 118/599 (19.70) 2.32 (0.95-5.67) 1.76 (0.70-4.43)

FIGO stage

=1l 41/342 (11.99) 1.00 (ref) 1.00 (ref)

-1V 89/338 (26.33)  2.75(1.89-4.00) 2.54 (1.65-3.91)

Residual lesions

No 82/553 (14.83) 1.00 (ref) 1.00 (ref)

<icm 31/106 (29.25)  2.22 (1.47-3.36) 1.73(1.11-2.68)

>1cm 17/44 (38.64) 3.18(1.89-5.37) 2.41(1.39-4.16)

Comorbidities

No 74/393 (18.83) 1.00 (ref) 1.00 (ref)

Yes 56/310 (18.06)  0.82 (0.58-1.16)  0.97 (0.68-1.38)

aMutually adjusted for all other variables listed in the table.
Cl, confidence interval; HR, hazard ratio; Ref, reference.

trend = 0.06). A similar pattern was observed for calcium from
dairy intake (HRT3vsT1 = 2.03, 95% CI = 1.21-3.40, p trend =
0.06). Moreover, worse survival was evident for the highest tertile
compared to the lowest tertile of protein from dairy intake (HR
=2.09, 95% CI = 1.25-3.49, p trend < 0.05) and for the highest
tertile compared to the lowest tertile of fat from dairy intake (HR
= 2.16,95% CI = 1.30-3.61, p trend < 0.05). Figure 2 represents
the association between total dairy intake and overall survival
for OC. Compared to the lowest tertile of total dairy intake,
survival was lower in patients in the highest intake tertile. Similar
results for protein, fat, and calcium from dairy were observed
(Supplementary Figures 1-3).

The influence of total dairy intake on overall survival in
OC was examined across potential effect-modifying variables.
Of note, the higher mortality risk associated with the highest
total dairy intake was present only in menopausal patients,
patients with no residual lesions, non-serous patients, or
patients with BMI of <25 (Figure 3). Nevertheless, statistical
power to adequately examine the differences was limited
by the sample size in the above stratified analyses. Such
analyses should be considered exploratory. Similar results were
obtained for the protein, fat, and calcium from dairy products
(Supplementary Figures 4-6). Results among patients with stage
III-IV OC were consistent with the main findings, although they
were attenuated (data not shown).

Dietary variables T T2 T3 P for trend¢

Total dairy (g/day)

Rang of intake <17.46  17.46-90.00 >90.00

Deaths, N (% of total 29 (22.31)  51(39.23) 50 (38.46)

deaths)

Model 12 (95% Cl) 1.00 (ref) 1.78 1.84 <0.05
(1.13-2.81)  (1.16-2.91)

Model 2° HR (95% Cl) 1.00 (ref) 1.85 2.04 <0.05
(1.16-2.95)  (1.23-3.39)

Model 3° HR (95% ClI) 1.00 (ref) 2.00 2.038 0.06
(1.24-3.22)  (1.21-3.40)

Protein from dairy

(9/day)

Rang of intake <0.49 0.49-3.00 >3.00

Deaths, N (% of total 29 (22.31)  51(39.29) 50 (38.46)

deaths)

Model 1¢ (95% Cl) 1.00 (ref) 1.76 1.86 <0.05
(1.11-2.78)  (1.18-2.94)

Model 2° HR (95% Cl) 1.00 (ref) 1.83 2.07 <0.05
(1.15-2.92)  (1.25-3.45)

Model 3¢ HR (95% Cl) 1.00 (ref) 1.97 2.09 <0.05
(1.22-3.17)  (1.25-3.49)

Fat from dairy (g/day)

Rang of intake <0.39 0.39-2.78 >2.78

Deaths, N (% of total 29 (22.31)  49(37.69) 52 (40.00)

deaths)

Model 1¢ (95% Cl) 1.00 (ref) 1.73 1.93 <0.05
(1.09-2.74)  (1.22-3.04)

Model 2° HR (95% Cl) 1.00 (ref) 1.81 2.18 <0.05
(1.14-2.9)  (1.31-3.61)

Model 3° HR (95% CI) 1.00 (ref) 1.94 2.16 <0.05
(1.20-3.13)  (1.30-3.61)

Calcium from dairy

(mg/day)

Rang of intake <15.79 15.79-100.89 >100.89

Deaths, N (% of total 29 (22.31) 52 (40.00) 49 (37.69)

deaths)

Model 12 (95% Cl) 1.00 (ref) 1.81 1.81 0.06
(1.14-2.85)  (1.15-2.87)

Model 2° HR (95% Cl) 1.00 (ref) 1.87 2.00 <0.05
(1.18-2.98)  (1.20-3.34)

Model 3° HR (95% ClI) 1.00 (ref) 2.00 2.038 0.06
(1.25-3.22)  (1.21-3.40)

Cl, confidence interval; HR, hazard ratio; Ref, reference; T, tertile.

@Model 1 unadjusted.

bModel 2 adjusted for age at diagnosis and total energy.

SModel 3 same as Model 2 and further adjusted for body mass index, comorbidities, diet
change, dietary pattern, education, FIGO stage, histological type, histopathologic grade,
menopausal status, parity, physical activity, residual lesions, and smoke status.

9P-value for linear trend calculated from category median values.

DISCUSSION

In this prospective cohort of 853 women diagnosed with OC,
pre-diagnosis dairy product intake was positively associated with
total mortality. Similar magnitudes of the mortality increase
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FIGURE 2 | Kaplan-Meier survival curves for total dairy productions consumption.

were observed for pre-diagnosis protein, fat, and calcium from
dairy intake.

Findings from prior studies on the association between pre-
diagnosis consumption of dairy products and OC survival were
limited and inconsistent (Supplementary Table 1). The present
findings are in line with a previous longitudinal follow-up
study of 341 U.S. women diagnosed with OC, where higher pre-
diagnosis intake of all types of milk was associated with worse
survival (7). In addition, an earlier cohort study of 609 Australian
epithelial OC cases reported a modest relationship between pre-
diagnosis dairy intake and poor survival (15). However, results
from the three follow-up cohort studies were inconsistent with
the present findings (8, 9, 16). Playdon et al. found that pre-
diagnosis intake of low-fat or high-fat dairy was not associated
with OC survival among 811 Australian women with OC (9). A
study conducted by Thomson et al. among 636 U.S. OC patients
indicated no correlation between milk consumption and OC
survival (8). In Japan, a large and prospective study by Sakauchi
et al. followed 64,327 women for an average of 13.3 years, where
a total of 77 of them died of OC. This study also showed no
association between consumption of milk and dairy products and
the survival of OC patients (16). The reason for this inconsistency
might be attributable to different ways used to assess the exposure

to dairy products. Exposure assessment in study by Playdon et al.
was based on the dairy servings. The Thomson et al. study was
based on the points of the Healthy Eating Index 2005, while
the Sakauchi et al. study was based on the frequency of dairy
intake. Exposure assessment in the present study was based on
the quantity of dairy intake, which might be more accurate than
that in other studies. Moreover, the proportion of advanced
stage patients in the present study (III-IV: 48.1%) was obviously
smaller than that in the study by Playdon et al. (III-1V: 71.0%).
The ethnic composition of the population of the present study
(Asian) differed from that of the study by Thomson et al. (mainly
white: 88.1%). The study evidence suggested that consumption of
dairy products was also different between Chinese and American
patients (20). In our study, only 38 (5.4%) OC patients reached
Dietary guidelines for Chinese residents recommend intake (300
g/d), and the mean dairy products intake was 84 g/d. This is lower
than American patients (20).

Although the current research on the underlying biological
mechanisms of dairy product intake and OC prognosis has been
scarce, the present study considered the possible effects from
the aspects of fat, protein, and calcium content. Dietary fat
has been indicated to be related to high levels of circulating
estrogen. The present evidence suggests that elevated levels of
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Subgroup Total (n) H;;zt?ord 95% C1 Tlr)e{no(; % i ter[;gt)i:)n**
Menopausal status E <0.05
No 195 »—:h—i 1.06 0.33-3.45 0.98
Yes 508 E —_— 2.83 1.45-5.55 <0.05
Residual lesions g 0.08
No 553 :»—-—1 2.04 1.06 - 3.95 0.07
Yes 150 r—Eﬂ—« 1.38 0.59-3.23 0.67
Histological type E <0.05
Serous 479 F—E—I—i 1.44 0.77 - 2.69 0.62
Non-serous 224 E — 3.73 1.30-10.68 <0.05
Body mass index, kg/m’ <0.05
<25 520 TR 2.19 118 -4.06 0.11
>25 183 r—;—l—l 1.64 0.53-5.10 0.20
0010 30 6.0
HR (95% CI)
FIGURE 3 | Multivariable hazard ratios (HRs) and 95% Cls for overall survival among ovarian cancer patients across strata of various factors. The analyses used three
categories of total dairy intake (T1 < 14.76, T» 14.76-90.00 and Tz > 90.00g/d). The forest plot represents the HRs of the comparison of the highest versus the
lowest of dairy intake. Cox model stratified by menopausal status, residual lesions, histological type and body mass index, with additional adjustments for age at
diagnosis, comorbidities, diet change, dietary pattern, education, FIGO stage, histopathologic grade, parity, physical activity, smoke status and total energy.* indicates
P for trend across levels of total dairy intake.”* indicates P for interaction between strata and total dairy intake.

estrogen may promote growth and proliferation of OC (13).
Furthermore, fat and protein dairy product components may
be positively implicated in elevating the level of insulin-like
growth factor-1 (11, 14). Insulin-like growth factor-1 receptor
overexpression can increase the proliferation of OC cells, restrain
OC cell apoptosis, or induce malignant transformation of OC
cells (10, 12). The receptor-interacting protein kinase 1 might
regulate the mitochondrial Ca2+ uptake to promote cancer cell
proliferation (21).

The present study had strengths that are worth mentioning.
The originality of the work is the principal strength of the
present research, because this is the first study to investigate
the relationship between pre-diagnostic diary product intake and
OC prognosis in China. The prospective and high follow-up
rates (93%) reduce the potential for recall and selection bias. A
further strength is that the study was rigorously controlled for
the majority of potential prognosis-related confounding factors,
such as comorbidities, FIGO stage, histological type, and residual
lesions. In addition, the potential impact of nutrients, such as fat,
calcium, and protein, in dairy products on the prognosis of OC
was further explored.

Nevertheless, several limitations exist in the current study.
First, since we directly collected the frequency of dairy product
intake rather than intake in the questionnaire, the assessment of
dairy product intake may be imprecise. However, well-trained
investigators as well as validated FFQs were utilized to collect

dietary information for OC patients in the study, which might
reduce deviation. Second, since the dietary intake of OC patients
was obtained using FFQ measurements prior to diagnosis, it may
not reflect the intake after diagnosis. However, dairy products
constitute a key part of the daily diet. It is possible that the intake
of dairy products may not change before and after diagnosis
because recent studies have provided limited or weak evidence
of the potential effect of dairy products on OC (22). Third, we
failed to examine whether associations with OC prognosis and
dairy product type differed by subtype, such as skim/low-fat
milk, cheese, and yogurt, due to lower intakes of these dairy
products in the present study as well as in China (23). In
addition, although the impact of pre-diagnostic dairy product
intake on progression-free survival of OC patients was not
examined, evidence suggested that OC patients might have short
post-progression survival because of the high mortality rate and
progression-free survival similarity to overall survival (24, 25).
Fourth, the pre-diagnosis daily dairy product consumption in
the present study (mean: 84.00 g/day) was close to the estimates
made by the Shanghai Women’s Health Study of 64,191 adult
Chinese women (mean: 62.25 g/day) (26). Conversely, the mean
intake of dairy products in the U.S. is estimated to be 268.8
g/day (20). Therefore, the present study findings should be
interpreted with caution. Fifth, residual confounding factors
are a possible concern in any observational study. Although
we comprehensively adjusted for the majority of potential
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confounders to minimize their influence, there was no way to
exclude the impact of unknown or unmeasured confounders.

In conclusion, high pre-diagnosis dairy product intake was
strongly associated with worse survival in OC patients. This
prognostic effect was similar in the analyses of protein, fat,
and calcium from dairy. Further studies with longer follow-
up periods, as well as analyses of different dairy products, are
warranted in the future.
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The aim of this meta-analysis was to evaluate the clinical significance of glutamine
in the management of patients with colorectal cancer (CRC) after radical operation.
Electronic databases, including PubMed, EMBASE, MEDLINE, Cochrane Library,
Chinese Biomedical Database (CBM), China National Knowledge Infrastructure (CNKI),
VIP medicine information system (VIP), and Wanfang electronic databases were
comprehensively searched from inception to 30, July 2021. Prospective randomized trials
with glutamine vs. routine nutrition or blank therapy were selected. The immune function
related indicators (including IgA, 1gG, IgM, CD4+, CD8+, and the ratio of CD4+-/CD8+),
post-operative complications [including surgical site infection (SSI), anastomotic leakage,
and length of hospital stay (LOS)], and corresponding 95% confidence intervals (Cls)
were assessed in the pooled analysis. Subsequently, the heterogeneity between studies,
sensitivity, publication bias, and meta-regression analysis were performed. Consequently,
31 studies which contained 2,201 patients (1,108 in the glutamine group and 1,093 in
the control group) were included. Results of pooled analysis indicated that glutamine
significantly improved the humoral immune function indicators [including IgA (SMD =
1.15, 95% CI: 0.72-1.58), IgM (SMD = 0.68, 95% CI: 0.48-0.89), and IgG (SMD
= 1.10, 95% CI: 0.70-1.50)], and the T cell immune function indicators [including
CD4+ (SMD = 0.76, 95% Cl: 0.53-0.99) and the ratio of CD4+4/CD8+ (SMD = 0.92,
95% Cl: 0.57-1.28)]. Meanwhile, the content of CD8+ was decreased significantly
(SMD = —0.50, 95% CI: —0.91 to —0.10) followed by glutamine intervention. Pooled
analysis of SSI (RR = 0.48, 95% ClI: 0.30-0.75), anastomotic leakage (RR = 0.23, 95%
Cl: 0.09-0.61), and LOS (SMD = —1.13, 95% CI: —1.68 to —0.58) were decreased
significantly in glutamine group compared with control group. Metaregression analysis
revealed that the covariate of small-sample effects influenced the robustness and
reliability of IgG outcome potentially. Findings of the present work demonstrated that
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glutamine ought to be applied as an effective immunenutrition therapy in the treatment of
patients with CRC after radical surgery. The present meta-analysis has been registered
in PROSPERO (no. CRD42021243327).

Systematic Review Registration: https://www.crd.york.ac.uk/PROSPERQO, Identifier:

CRD42021243327.

Keywords: colorectal cancer, humoral immunity, T cell immunity, post-operative complications, meta-analysis

INTRODUCTION

Colorectal cancer (CRC) is the most malignant tumors in
digestive system and has become a serious threat to human
health. Statistically, the global data showed that newly increased
patients with CRC ~1,880,725 (including 1,148,515 cases of
colon cancer and 732,210 cases of rectum cancer), and the fatality
rate of CRC was estimated to be ~9.4% (1). Furthermore, the
death rate from CRC is predicted to increase by 60% (colon
cancer) and 71.5% (rectum cancer), respectively, in 2035 (2). Data
from the American Cancer Society indicates that CRC is the third
most common cancer diagnosed in both men and women in the
United States. The number of CRC cases in the US for 2021 are:
1,04,270 new cases of colon cancer and 45,230 new cases of rectal
cancer (3). From 2012 through 2016, CRC increased every year
by 2% in people younger than 50 and 1% in people 50-64 in the
US (3).

Surgical treatment in the management of non-metastatic or
resectable CRC is irreplaceable and recommended as the first-
line for radical treatment by the National Comprehensive Cancer
Network (NCCN) Guidelines (4, 5) and European Society for
Medical Oncology (ESMO) Guidelines (6, 7). However, due to
the long-term consumption of tumor before the radical resection
of CRC, insufficient nutritional intake, and the stress responses
caused by surgical trauma the patients are most likely to
suffer from malnutrition, decreased immune function, intestinal
dysfunction, and post-operative complications. Previous studies
have reported that malnutrition prevalence has been widely
reported to reach 15-40% in patients with cancer at the time of
diagnosis, and up to 80-90% in advanced cases of the disease (8).
The prevalence of malnutrition in CRC patients also ranged from
45 to 60% (9) and these rates significantly increased followed
by radical surgery (10). In addition, immune dysfunction
or immunosuppression caused by surgery acted as the main
inducement of post-operative complications. Many studies have
attributed post-operative complications such as surgical site
infection (SSI), anastomotic leak, ureteral injury, intraabdominal
abscess, enteric fistula, bleeding, and post-operative bowel
obstruction to immune dysfunction and malnutrition (11-14).
Consequently, these complications not only significantly affected
the short-term outcomes, such as the prolonging length of
hospital stay (LOS) and increasing associated health costs, but
it also deteriorated the long-term oncological results, including
declining patients’ quality of life and cancer recrudescence
(15, 16).

Increasing evidences from clinical researches demonstrated
that immunonutrition therapy was very likely to improve the

immune function and decrease complications or recrudescence
in patients after CRC surgery (17-20). Glutamine, a critical
substance of immunenutrition, is an important source of energy
for the intestinal tract and could improve intestinal function.
Many studies have revealed the positive role of glutamine in CRC
patients who underwent radical surgery (21-23). Furthermore,
glutamine levels in serum could affect overall survival (OS)
and progression-free survival (PFS) significantly, and serum
glutamine levels may be applied as a prognostic indicator in
patients with CRC (24, 25). However, other studies indicated that
glutamine applied in CRC patients did not significantly improve
the survival outcomes or post-operative complications (26-28).

These evidences were hard to match due to the heterogeneity
of study designs, study populations, sample quantities, and
systematic approaches based upon current clinical studies. To
address those ambiguities and to evaluate the actual clinical
significance of glutamine in patients with CRC, a meta-analysis
of randomized, prospective clinical trials about glutamine
applied in CRC patients who underwent radical surgery was
conducted. This meta-analysis provided essential evidence of the
effects of glutamine on immune functions and post-operative
complications of patients with CRC.

MATERIALS AND METHODS

Protocol Registration

We have registered this protocol previously in PROSPERO in
April 2021 (number: CRD42021243327, https://www.crd.york.
ac.uk/PROSPERO).

Eligibility Criteria

The Cochrane Handbook for Systematic Reviews of
Interventions and the PRISMA statement was referred by
this study and the “PICOS” principles was employed for
developing the inclusion and exclusion criteria. Studies that meet
the following inclusion criteria were included: (1) the design of
study was a prospectively randomized controlled trial (RCT); (2)
patients with CRC (including colon cancer and rectal cancer) and
undergone radical surgery; (3) glutamine was set as experiment
group and routine nutrition or blank therapy (fluid supporting
therapy) as control group; (4) at least one of the investigated
outcomes was reported in original researches. The exclusion
criteria were as follows: (i) irrelevant studies and duplicated
literatures; (ii) unavailable data literatures; (iii) letters, reviews,
comments, case-report, laboratory studies, and meta-analysis.
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Search Methodology

The PubMed, EMBASE, MEDLINE, Cochrane Library, Chinese
Biomedical Database (CBM), China National Knowledge
Infrastructure (CNKI), VIP medicine information system
(VIP), and Wanfang electronic databases were comprehensively
searched up to July 30, 2021. The search terms were in the
combination of medical subject headings (MeSH) terms and
the following free words: (Colon/Rectal/colorectal/cancer/
tumor/carcinoma/neoplasm) AND (glutamine/nutrition/
immunenutrition) AND (complication/infection/leakage) AND
(immune/immunity/IgA/IgG/IgM/CD4+/CD8+/CD4+/CD8-+)
AND (random/randomized/RCTs/clinical trial). In addition,
potentially relevant references were also obtained manually. The
language of all the publications was not limited.

Study Selection

All search results were combined in Endnote™, Version X8
(Thompson Reuters). Duplicates were removed manually. Two
investigators (Tao Yang and Xuhong Yan) filtered the original
studies independently. If the literature meets the eligibility
criteria, the two investigators will further read the full text to
screen the study. Any discrepancies were tackled by discussion
or third-party consensus.

Data Extraction and Analysis

All data were collected independently by two investigators (Tao
Yang and Yibo Cao) from eligible RCTs using a standardized
form. The following information were extracted including: (i)
Study ID, including the name of the first author and publication
year; (ii) study subjects, number of participants, and their ages;
(iil) treatment regimens for the treatment and control groups;
and (iv) the primary endpoint, the immune function related
indicators (including IgA, IgG, IgM, CD4+, CD8+, and the ratio
of CD4+/CD8+) and the secondary endpoint, the post-operative
complications (including SSI, anastomotic leakage, and LOS). If
insuflicient details were reported, we would contact authors for
further information. Disagreements between two investigators
were tackled by discussion and consensus.

Quality Assessment

The Cochrane Collaboration’s tool for assessing risk of bias
were employed for quality evaluation. Any disagreements during
assessment were resolved by iteration, discussion, and consensus.

Statistical Analysis

All data were analyzed using Stata version 14.0 (Stata
Corporation). Heterogeneity amongst studies was assessed using
a Q-test and an I*-test before determining the pooled effect. A

PubMed: n=45
EMBase: n =35

CNKI: n=59
WanFang: n =58

Identification

MEDLINE: n = 28
Cochrane library: n = 33
CBM:n=115
VIP:n=171

Total number of articles (n = 444)

Screening

After screening titles and abstracts

Duplicates removed
(n=304)

Review: n=13

Conference abstract: n =1

Eligibility

Potentially relevant articles

assessed for eligibility
(n=156)

Case report: n =4
Animal experiment: n =15

Irrelevant article: n =51

Data unavailable studies,

FIGURE 1 | Flowchart presenting the selection process of studies.

Studies included in

meta-analysis (n=31)

unreasonable control
group setting, unable to

get full text (n=25)
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fixed effects model or a random effects model was based on the
results of the Q-test and I>-test. A fixed effects model was adopted
if I < 50% and p > 0.1. Otherwise, a random effects model
was used. The primary endpoint was immune function related
indicators (IgA, IgG, IgM, CD4", CD8", and CD41/CD8")
and LOS was a continuous variable. The pooled analysis of
these indicators was expressed as standard mean difference
(SMD). The SSI and anastomotic leakage were dichotomous
variables, and the pooled analysis of these complications was
expressed as relative risks (RR). The significance of pooled
effects was determined using a Z-test; p < 0.05 was considered
to indicate a statistically significant difference. Sensitivity
analysis was utilized to investigate the influence of a high-
risk study on overall meta-analysis. Possible publication bias
and the detailed reasons underlying publication bias were

determined by contour-enhanced funnel plot. Possible source of
heterogeneity was explored by metaregression performing via
random effect model, and the restricted maximum likelihood
(REML) estimation method proposed by Harbord et al. (29) was
applied in metaregression.

RESULTS

Study Selection Outcome

A total of 444 relevant articles were retrieved ultimately. Among
these, 304 were repeated articles. Totally, 84 literatures were
excluded by screening the titles and abstracts due to reviews,
conference abstract, animal experiments, case report, with 56
articles remaining. Then 25 articles were excluded by examining

TABLE 1 | Main information of included studies in the meta-analysis.

Study ID Sample size (n) Ages (year) Dose of glutamine Route of administration Tumor types Outcomes
Treatment Control Treatment Control

Morlion et al. (21) 15 13 Mean: 67.1 Mean: 68.2 0.3 g/(kged) PN CRC @

Oguz et al. (23) 57 52 Mean: 52 Mean: 57 1 g/(kged) PN CRC

Cui et al. (55) 20 20 Mean: 55 Mean: 56 0.5 g/(kged) PN CC @

van Barneveld et al. (22) 61 62 Mean: 64 Mean: 65 11.9 g/d EN RC

Chen (38) 22 22 58.7 + 6.7 30 g/d EN CRC 006066060

Chen et al. (31) 50 50  64.22+589 63.57+65 60 g/d EN RC 006000,

Chen and Lin (39) 24 24  66.84+£552 6812+ 4.46 0.4 g/(kged) PN cc 06000

Chen et al. (40) 42 42 62.1+106 627 +11.3 0.5 g/kged PN cc

Cheng and Huang (41) 50 50 NR 100 ml/d PN cc 0606000

Deetal. (57) 52 52 5354 +11.57 53.24 + 11.38 100 mi/d EN cC

Huang et al. (42) 63 63  Range: 32-69 Range: 35-67 100 mi/d PN cc 006

Huang et al. (43) 15 15 57.0+47  56.8+35 0.4 g/(kged) PN CRC

Huang et al. (35) 11 11 Range: 41-70 100 mi/d PN CRC 0606000

Jiang et al. (44) 31 31 56.8+10.2 582495 0.4 g/(kged) PN CRC 90600606

Liet al. (36) 20 20  57.81+8375 58.02+4.63 NR PN CRC

Li and Jia (45) 32 32 62.6 + 9.6 65.5 + 9.0 0.5 g/(kged) EN CRC

Liand Li (30) 30 30 501 +46 505449 0.4 g/kged)  EN RC

Liu et al. (46) 40 40 61.4+7.0 50.1+7.5 100 mi/d EN cc

Liu et al. (47) 43 42 571498  582+10.1 0.4 g/(kged) PN CRC

Luo et al. (48) 23 23 Range: 38-69 0.5 g/(kged) PN cc

Shao et al. (34) 51 51 Range: 35-75 NR EN CRC

Song et al. (49) 20 20 Range: 28-80 0.4 g/(kged) PN CRC

Ya et al. (50) 24 24 NR 20 g/d PN CRC 9000606

Wang et al. (32) 30 30 58.7 + 3.6 60.3 + 4.5 0.3 g/(kged) PN RC 960606

Yang and Li (51) 24 20 Mean: 60.2  Mean: 61.1 100 ml/d PN cc

Tasheng et al. (33) 70 70 59.3 + 8.2 55.3 + 9.1 0.4 g/(kged) PN CRC

Zhang et al. (37) 47 47 57.35 + 16.4 100 mL/d PN CRC 00600606

Zhang and Li (52) 30 30 Range: 28-80 0.4 g/(kged) PN cc

Zhao (53) 32 28 56.75+560 54.42 +5.21 50 mL/d PN CRC

Zheng (54) 55 55 NR 100 mU/d PN cc 0006

Bu et al. (56) 24 24 705+106 66.8+10.9 0.5 g/kged PN CRC

NR, not report; PN, parenteral nutrition; EN, enteral nutrition; @, CD4+; @, CD8+; @, the ratio of CD4+/CD8+; @, 19A; @, 19G; @, IgM; @, anastomotic leakage; , SSI;

©) Los.
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FIGURE 2 | Methodological quality graph and summary of the included studies: (A) Risk of bias summary; (B) Risk of bias graph.

the abstracts or full-texts. Finally, this meta-analysis included 31
studies that fulfilled the inclusion criteria (Figure 1).

Study Characteristics

Totally, 2,201 patients were involved in 31 studies (21-23, 30—
57). Among these, 1,108 were allocated to the glutamine group
and 1,093 patients were allocated to the control group. Table 1
displayed the main characteristics of the included 31 studies.
Overall, 31 studies were published between 1998 and 2019 years.
Eight trials (22, 30, 31, 34, 38, 45, 46, 57) administrated glutamine
through enteral nutrition (EN) and 23 trials (21, 23, 32, 33, 35-37,
39-44, 47-56) administrated through parenteral nutrition (PN).
With regards to the outcomes of humoral immune function, 14
trials (31, 32, 37, 38, 41-44, 47-50, 54, 56) reported IgA indicator,
17 trials (31, 32, 34, 35, 37, 38, 41-44, 47-50, 52, 54, 56) reported
IgM indicator, and 17 trials (31, 32, 34, 35, 37, 38, 41-44, 47-50,
52, 54, 56) reported IgG indicator. In addition, the outcomes of

T cell immune function, including CD4+ content, was reported
by 16 trials (30, 31, 33, 34, 37-40, 43, 44, 47, 49, 50, 52, 56, 57),
CD8+ content, was reported by 15 trials (30, 33, 34, 37-40, 43, 44,
47,49, 50, 52, 56, 57), and the ratio of CD4+-/CD8-+ was reported
by 13 trials (31, 33, 34, 37, 38, 40, 44, 47, 49, 50, 52, 56, 57).
Furthermore, the outcome of anastomotic leakage was reported
by seven trials (22, 23, 35, 39, 41, 45, 51), SSI was reported by 12
trials (22, 23, 32, 35, 36, 39-41, 45, 46, 51, 53), and the LOS was
reported by eight trials (21, 23, 36, 38, 45, 46, 48, 55). The main
characteristics of the included studies are presented in Table 1.

Study Quality Assessment

Methodological quality assessment and outline of the included
31 studies were presented in Figures 2A,B. The generation of
randomized sequence was identified adequately in all trials.
The allocation concealment was unclear according to all trials.
These trials were neither single nor double blinding design.
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Study ID SMD (95% CI) Weight % Study ID SMD (95% CI) ~ Weight %
Huang H (2002) 0.82 (0.05, 1.70) 6.11 Huang M.S (2002) 0.32(-0.53,1.16)  3.69
Song 1 (2002) 018(0.44,080) 699 Song 1.X (2002) 044(-0.19,1.07)  5.05
i Huang H (2006) 1.00(024,1.76)  4.14
Ya H.Q (2007) 143 (0.79, 2.06) 6.93
Ya H.Q (2007) 052(-0.06,1.09) 546
Wang B.Z (2008) |---M---1 3.18(241,3.95) 648 Wang BZ (2008) 066(014,118) 591
Zhang X.M (2008) 0.4 (0.03, 0.85) 7.61 Zhang X.M (2008) 0.17(-0.23,0.58)  6.93
Jiang T (2012) 142 (0.85, 1.99) 7.15 Zhang C.A (2008) 025(-026,0.76)  6.01
BuJ (2013) 042(-0.16,099)  7.14 Shao F (2011) 0.80(0.39,1.20) 694
Chen AH (2014) 021(-038,080) 7.8 Jiang T (2012) 030(-:00L1.00) .39
Bul(2013) 053 (005, 1.11) 545
Luo KK (2015) 0.80 (0.20, 1.40) 7.08
Chen AH (2014) 026(-033,085) 531
Cheng X.Y (2016) 141(058,185)  7.54 Luo KK (2015) <4 170(1.02,238)  4.69
Chen C (2017) |--M--1 330(2.70,3.91) 7.03 Cheng X.Y (2016) 1.18(0.75,1.60)  6.75
LiuZ.J (2017) 0.98(0.53, 1.43) 750 Chen C (2017) 1.36(0.93.1.80)  6.65
Zheng X.W (2017) 107(067,147) 764 LinZ.J(2017) 032(-011,074) 672
Huang C.0 2018) - 072 (036, 108) 55 Zheng X.W (2017) 113(0.73,1.53) 695
) ¢ Huang C.Q (2018) 050 (0.15,0.86)  7.38
Overall (T-squared = 89.3%, p = 0.000) 115 (0.72, 1.58) 100.00
¥ Overall (I-squared = 65.2%, p = 0.000) : 0.68(0.48,0.89)  100.00
NOTE: Weights are from random effects analysis : NOTE: Weights are from random effects analysis i
T T T T T T T T T T T
3002 -l 0 1 2 3 1 -2.38 -1 0 1 238
C
Study ID SMD (95% CI)  Weight %
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FIGURE 3 | Forest plot of standard mean difference (SMD) for IgA, IgM, and IgG. (A) Forest plot of IgA; (B) Forest plot of IgM; (C) Forest plot of IgG. All pooled

Consequently, the evaluation of detection bias was high risk
(Figure 2B). Incomplete outcomes and selective reporting were
not detected in all studies. Conclusively, the methodological
quality of all included trials stayed at a lower level due to the lack
of blinding.

Results of Meta-analysis

Glutamine on Humoral Immune Function of Patients
With CRC

The pooled analysis of humoral immune function indicators
(IgA, IgM, 1gG) is presented in Figure 3 and SMD presentation.
Heterogeneity was examined firstly before pooled analysis of
these indicators. Test results revealed that there was a significant
heterogeneity for IgA (I>-test = 89.3% and Q-test p = 0.000,
Figure 3A), moderate heterogeneity for IgM (I*-test = 65.2%
and Q-test p = 0.000, Figure 3B), and significant heterogeneity
for IgG (I*test = 89.9% and Q-test p = 0.000, Figure 3C)

between included studies. Thus, a random effect model was
selected for pooled analysis. Results revealed that IgA content
was significantly increased (Z = 5.27, p = 0.000; SMD = 1.15,
95% CI: 0.72-1.58; Figure 3A) in the glutamine group compared
with the control group. Meanwhile, the indicator of IgM was also
increased (Z = 6.47, p = 0.000; SMD = 0.68, 95% CI: 0.48-0.89;
Figure 3B) in glutamine group. In addition, the indicator of IgG
was significantly increased (Z = 5.34, p = 0.000; SMD = 1.10,
95% CI: 0.70-1.50; Figure 3C) in glutamine group compared
with control group. These results demonstrated that glutamine
improved the humoral immune function effectively for patients
with CRC after radical operation.

Glutamine on T Cell Immune Function of Patients
With CRC

Before pooled analysis of T cell immune function indicators
(CD4+, CD8+, CD4+/CD8+), heterogeneity across studies was
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FIGURE 4 | Forest plot of standard mean difference (SMD) for CD4+, CD8+, and CD4+/CD8+-. (A) Forest plot of CD4+; (B) Forest plot of CD8+; (C) Forest plot of
CD4-+/CD8+. All pooled analysis applied a random effect model.

tested conventionally. Heterogeneity test results revealed there
was moderate heterogeneity for CD4+ (I*-test = 71.2% and Q-
test p = 0.000, Figure 4A), significant heterogeneity for CD8+
(I*-test = 89.9% and Q-test p = 0.000, Figure 4B), and significant
heterogeneity for CD4+4-/CD8+ (I*-test = 85.9% and Q-test p
= 0.000, Figure 4C). So, a random effect model was selected
for pooled analysis. In the pooled meta-analysis, the content
of CD44 was increased significantly (Z = 6.47, p = 0.000;
SMD = 0.76, 95% CI: 0.53-0.99; Figure 4A) in the glutamine
group compared with the control group. On the contrary, the
content of CD8+ was decreased significantly (Z = 2.44, p =
0.015; SMD = —0.50, 95% CIL: —0.91 to —0.10; Figure 4B) in
the glutamine group. Meanwhile, the ratio of CD44-/CD8+- was
increased significantly (Z = 5.07, p = 0.000; SMD = 0.92, 95%
CIL: 0.57-1.28; Figure 4C) in the glutamine group compared
with the control group. Results are shown in Figure4 and
SMD presentation.

Glutamine on Post-Operative Complications of
Patients With CRC

Heterogeneity was examined prior to pooled analysis of SSI,
anastomotic leakage, and LOS. Test results revealed there were
no significant heterogeneity across 12 studies (I>-test = 0.0%
and Q-test p = 0.909, Figure 5A) that reported SSI outcome,
seven studies (I*-test = 0.0% and Q-test p = 0.944, Figure 5B)
that reported anastomotic leakage. Thus, a fixed effects model
was applied for the pooled analysis. However, results revealed
there was significant heterogeneity for LOS outcome (I*-test =
85.6% and Q-test p = 0.000, Figure 5C). So, a random effect
model was employed for pooled analysis. In the pooled meta-
analysis, the rates of SSI were decreased significantly (Z =
3.18, p = 0.001; RR = 0.48, 95% CI: 0.30-0.75; Figure 5A) in
glutamine group compared with the control group. Meanwhile,
the rates of anastomotic leakage were decreased significantly (Z
= 2.98, p = 0.003; RR = 0.23, 95% CI: 0.09-0.61; Figure 5B)
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FIGURE 5 | Forest plot of for SSI, anastomotic leakage, and LOS. (A) Forest plot of SSI applied a fixed effect model; (B) Forest plot of anastomotic leakage applied a
fixed effect model; (C) Forest plot of LOS applied a random effect model. SSI, surgical site infection; LOS, length of hospital stay.
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FIGURE 6 | Sensitivity analysis via leave-one-out procedure each time. (A) Sensitivity analysis of LOS; (B) Sensitivity analysis of IgA; (C) Sensitivity analysis of IgG; (D)
Sensitivity analysis of CD8+; (E) Sensitivity analysis of CD4+-/CD8+. LOS, length of hospital stay.

in the glutamine group. Furthermore, the LOS outcome was
decreased significantly (Z = 4.03, p = 0.000; SMD = —1.13,
95% CI: —1.68 to —0.58; Figure 5C) in the glutamine group

compared with the control group. These results showed that
glutamine could reduce post-operative complications of patients

with CRC.
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TABLE 2 | Results of Meta-regression analysis.

Covariates Univariate analysis Multivariate analysis

Exponentiated coefficient 95% ClI P Tau? Exponentiated coefficient 95% ClI P
Administration route (PN/EN)
SSI (12 studies) 1.48 0.511t04.29 0.43 0.00 1.43 0.37 10 5.43 0.56
IgA (14 studies) 2.00 0.40to 10.0 0.37 0.82 1.93 0.29t0 12.8 0.46
IgM (17 studies) 1.22 0.68t02.18 0.48 0.12 1.24 0.65 10 2.38 0.49
I9G (17 studies) 1.66 0.47 t0 5.80 0.41 0.77 0.75 0.20t0 2.85 0.66
CD4* (16 studies) 0.80 0.46 to 1.39 0.40 0.17 0.79 0.40to0 1.58 0.48
CD8* (15 studies) 1.86 0.69 to 5.02 0.20 0.55 1.82 0.57 t0 5.81 0.28
CD4+/CD8* (13 studies) 0.62 0.23t0 1.64 0.30 0.47 0.79 0.20t0 3.16 0.71
Tumor type (Colon/rectal/colorectal cancer)
SSI (12 studies) 0.99 0.4810 2.05 0.97 0.00 0.97 0.45 10 2.07 0.93
IgA (14 studies) 0.78 0.41101.48 0.42 0.84 0.86 0.28t0 2.61 0.77
IgM (17 studies) 0.80 0.63 to 1.00 0.05 0.09 0.83 0.611t01.13 0.21
I9G (17 studies) 0.84 0.49t0 1.45 0.51 0.77 1.27 0.69t0 2.35 0.41
CD4* (16 studies) 0.84 0.63t0 1.13 0.23 0.15 0.82 0.60to 1.12 0.20
CD8* (15 studies) 1.28 0.77t02.14 0.32 0.58 1.33 0.79t0 2.24 0.26
CD4+/CD8* (13 studies) 0.90 0.511t01.58 0.69 0.52 0.84 0.46 to 1.52 0.53
Total sample size (<100/ >100)
SSI (12 studies) 1.31 0.45103.79 0.58 0.00 1.07 0.28 t0 4.06 0.91
IgA (14 studies) 1.88 0.56 t0 6.29 0.28 0.79 1.37 0.15t0 12.2 0.75
IgM (17 studies) 1.59 1.06 to 2.39 0.03 0.07 1.23 0.67 t0 2.27 0.47
I9G (17 studies) 3.20 1.38t0 7.44 0.01 0.47 4.45 1.26t0 15.7 0.02
CD4* (16 studies) 0.82 0.46 to 1.46 0.47 0.17 0.91 0.451t0 1.84 0.76
CD8* (15 studies) 1.62 0.53104.93 0.37 0.59 1.23 0.3510 4.33 0.72
CD4+/CD8* (13 studies) 0.57 0.22 t0 1.47 0.22 0.44 0.63 0.16 t0 2.48 0.46

NA, Not applicable; SSI, surgical site infection. Significant results are in bold and underlined presentation.

Sensitivity Analysis for Robustness of Pooled
Analysis

Sensitivity analysis via leave-one-out procedure each time was
carried out to verify robustness of pooled results (LOS, IgA,
IgG, CD8+, and CD4+/CD8+) with significant heterogeneity
(>80%) across included studies. Results are shown in Figure 6.
Sensitivity analysis of LOS outcome (Figure 6A) indicated that
exclusion of any study did not account for heterogeneity
significantly, which demonstrated the pooled result of LOS was
robust to some extent. Meanwhile, the same conclusions were
retrieved from the sensitivity analysis of IgA (Figure 6B), IgG
(Figure 6C), CD8+ (Figure 6D), and CD4+/CD8+ (Figure 6E).
All results of sensitivity analysis demonstrated that the pooled
results were robust to some extent.

Contour-Enhanced Funnel Plot for Potential Source
of Publication Bias

Contour-enhanced funnel plot, which added conventional
milestones in levels of statistical significance (p < 0.01, p < 0.05, p
< 0.1 or p > 0.1) to funnel plots, was utilized to distinguish detail
reasons of publication bias. Results of SSI (Figure 7A) indicated
many studies were in areas of none-statistical significance (p
> 0.1), which suggested that the origin of asymmetry may
be more likely due to publication bias. Furthermore, results

of IgA (Figure 7B), IgM (Figure 7C), IgG (Figure 7D), CD4+
(Figure 7E), CD8+ (Figure 7F), and CD4+/CD8+ (Figure 7G)
presented that a great majority of missing studies were in areas
of higher statistical significance (p < 0.01), which indicated the
origin of asymmetry was most likely to be due to undetected
factors rather than publication bias. Subsequently, we traced
the original researches again, speculating that studies with a
small sample size, ITT analysis, and missing blinding in many
studies may account for those undetected bias. These factors may
influence our conclusions potentially.

Metaregression Analysis

Metaregression was performed to assess the effect of underlying
confounding factors on pooled effect estimation and to seek the
sources of heterogeneity. The following covariates were predicted
as potential factors premeditatedly: [ Administration route (PN
or EN) of glutamine; [J Tumor type (Colon/rectal/CRC); O
Total sample size (<100 or >100). Overall, univariate analysis
indicated the administration route (PN or EN) of glutamine
(Table 2, Figure 8A) and type of tumor (Table 2, Figure 8B)
had no significant influence on the results of SSI, IgA, IgM,
IgG, CD4+, CD8+, and CD4+/CD8+ outcomes (p > 0.05).
The remaining variable of total sample size had significant
influences on the pooled effects of IgM (p = 0.03, Table 2,
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FIGURE 8 | Results of metaregression analysis. (A) Univariate analysis of administration route; (B) Univariate analysis of tumor type; (C) Univariate analysis of total
sample size; (D) Multivariate analysis of all covariates. SSI, surgical site infection.

Figure 8C) and IgG (p = 0.01, Table2, Figure8C). Then,
multivariate metaregression was utilized to evaluate the impact
of multicovariates on the pooled effects. Three mentioned
covariates (administration route of glutamine, tumor type, and
total sample size) did not affect the pooled effects of SSI, IgA,
IgM, CD4+, CD8+, and CD4+/CD8+, and the heterogeneity
did not stem from this model (p > 0.05, Table 2, Figure 8D).
However, multivariate analysis revealed that the endpoint of
IgG was influenced by the covariate of total sample size (P =
0.02, Table 2, Figure 8D), which indicated the heterogeneity may
originate from this covariate.

DISCUSSION

Overall, findings from this study illustrated that immune
functions (including humoral immune function and T cell
immune function) can be improved significantly with glutamine
in sufferers with CRC. Meanwhile, the main post-operative
complications also reduced by glutamine in patients with
CRC after surgery. The certainty of conclusion from current
study is mainly reflected in the following three aspects. First

of all, the critical indicators of humoral immune function,
including IgA, IgM, IgG, were significantly increased followed
by glutamine intervention. The results of integrated analysis
revealed that IgA content (SMD = 1.15, 95% CI: 0.72-1.58)
was increased significantly in glutamine group compared with
the control group. Meanwhile, the indicator of IgM (SMD
= 0.68, 95% CI: 0.48-0.89) and IgG were also significantly
increased (SMD 1.10, 95% CI: 0.70-1.50) in glutamine
group. These results demonstrated that glutamine was able
to improve the humoral immune function effectively for
patients with CRC after radical operation. Secondly, results of
integrated analysis revealed that glutamine could regulate T
cell immune function effectively of CRC patients after radical
surgery. On one hand, the content of CD4+ (SMD = 0.76,
95% CI: 0.53-0.99) and index of CD4+/CD8+ (SMD = 0.92,
95% CI: 0.57-1.28) were increased significantly in glutamine
group compared with control group. On the other hand, the
content of CD8+ was decreased significantly (SMD = —0.50,
95% CI: —0.91 to —0.10) in glutamine group. These results
indicated that glutamine could regulate the disordered immune
function of T cell. Thirdly, all indicators of post-operative
complications were decreased by glutamine in patients with
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CRC after surgery. Pooled analysis of SSI (RR = 0.48, 95%
CI: 0.30-0.75), anastomotic leakage (RR = 0.23, 95% CI: 0.09-
0.61), and LOS (SMD = —1.13, 95% CL. —1.68 to —0.58)
were decreased significantly in glutamine group compared
with control group. All supporting evidence mentioned above
demonstrated that glutamine should be applied as an effective
immunenutrition therapy in the treatment of CRC patients after
radical surgery.

Immunenutrition support for patients who underwent
radical surgery for CRC is widely accepted for reducing
the incidence and severity of post-operative complications.
However, appropriate assessment and application of
immunenutrition therapies were largely neglected (58). Until
to now, immunenutrition support is generally recommended
by the European Society for Clinical Nutrition and Metabolism
(ESPEN) for malnourished patients with cancer (59), and it also
coincided with the program of enhanced recovery after surgery
(ERAS) (60). Glutamine, a substance of immunenutrition,
as the major fuel source for macrophages, lymphocytes, and
enterocytes, could increase the immune cell responses and
decrease inflammations evidently (61, 62). For lymphocytes,
glutamine activates the expression of T cell surface markers
CD25, CD45R0, and CD71, promotes directly the proliferation
of CD3+ (marker for mature lymphocytes) and T regulatory
cells (T-reg) (63, 64). Furthermore, glutamine also reduces
lymphokine-activated killer cell activity (64, 65). For
monocytes and macrophages, glutamine stimulates antigen
presentation, increases expression of surface antigens, and
improves antioxidant defenses (66, 67). Due to the high rates
of glutamine utilization in lymphocytes, macrophages, and
neutrophils, the deficiency of glutamine is mostly like to arise
immune dysfunction (68, 69). Previous study has indicated
that glutamine could promote T cells differentiated into three
subsets (Th1, Th17, and Treg). Meanwhile, glutaminase (GLS),
which converts glutamine to glutamate, can promote Th17 but
constrain Thl and CTL effector cell differentiation (70). In
addition, a clinical trial reported that glutamine and omega-3
fatty acids not only increased the total lymphocyte count,
CD4+, CD8+, complement C3, IgG, IgA in all patients, but
also decreased C-reactive protein (CRP) and the rates of wound
infection (71). Thus, we come to the conclusion that deficiency
of glutamine may lead to impaired immune function and
ampliative inflammatory responses of CRC patients after radical
surgery. On the contrary, glutamine supplementation could
improve immune function and decrease complications after
radical surgery in CRC patients.

This current work exerts more attention to the clinical benefits
of glutamine in CRC patients after radical surgery. However, it is
noteworthy that potential limitations of this integrated analysis
should be emphasized. Thirty-one included trials were neither
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Nutritional risk index (NRI) is an index based on ideal body weight that aims to
present body weight and serum albumin levels. It has been utilized to discriminate
patients at risk of postoperative complications and predict the postoperative outcome
of major surgeries. However, this index remains limited for breast cancer patients
treated with neoadjuvant chemotherapy (NACT). The research explores the clinical and
prognostic significance of NRI in breast cancer patients. This study included 785 breast
cancer patients (477 cases received NACT and 308 cases did not) were enrolled
in this retrospective study. The optimal NRI cutoff value was evaluated by receiver
operating characteristic (ROC) curve, then reclassified as low NRI group (<112) and
high NRI group (>112). The results demonstrated that NRI independently predicted
survival on disease-free survival (DFS) and overall survival (OS) by univariate and
multivariate Cox regression survival analyses [P = 0.019, hazard ratio (HR): 1.521, 95%
Cl: 1.071-2.161 and P = 0.004, HR: 1.415, 95% CI: 1.119-1.789; and P = 0.026,
HR:1.500, 95% Cl: 1.051-2.143 and P < 0.001, HR: 1.547, 95% CI: 1.221-1.959].
According to the optimal cutoff value of NRI, the high NRI value patients had longer
mean DFS and OS time in contrast to those with low NRI value patients (63.47
vs. 40.50 months; 71.50 vs. 56.39 months). Furthermore, the results demonstrated
that the high NRI score patients had significantly longer mean DFS and OS time
than those with low NRI score patients in early-stage breast cancer (x2 = 9.0510,
P = 0.0026 and x2 = 9.2140, P = 0.0024) and advanced breast cancer (x2 = 6.2500,
P = 0.0124 and x2 = 5.8880, P = 0.0152). The mean DFS and OS values in
patients with high NRI scores were significantly longer in contrast to those with low
NRI scores in different molecular subtypes. The common toxicities after NACT were
hematologic and gastrointestinal reactions, and the NRI had no statistically significant
effects on toxicities, except in nausea (x2 = 9.2413, P = 0.0024), mouth ulcers
(x2 = 4.8133, P = 0.0282), anemia (x2 = 8.5441, P = 0.0140), and leukopenia
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(x2 = 11.0951, P = 0.0039). NRI serves as a minimally invasive, easily accessible
and convenient prognostic tool for evaluating breast cancer prognoses and treatment
efficacy, and may help doctors in terms of selecting measures of greater efficiency or
appropriateness to better treat breast cancer.

Keywords: nutritional risk index, breast cancer, nutrition, neoadjuvant chemotherapy, prognosis

INTRODUCTION

Breast cancer is among the most frequently diagnosed cancers
in women globally, and seriously endangers their health (1).
Although breast cancer often yields relatively more satisfactory
prognoses compared to other types of cancer (e.g., lung cancer),
the survival outcomes of patients with aggressive pathological
breast cancer or distant metastasis remain to be alarmingly
poor—about 90% of breast cancer deaths are caused by the
occurrence of distant metastasis (2). As scientific evidence
accumulates, treatment strategies, such as surgery, hormone
therapy, targeted therapy, and immunotherapy, have forged a
comprehensive network of promising treatments with varying
degrees of curative effects (3). Aside from the differences in
disease conditions, nutritional status also plays an essential
role in shaping patients’ prognosis as well as treatment efficacy
and outcomes.

Decreased appetite with weight loss and cachexia, for instance,
can be commonly found in cancer patients (4, 5). As a
complicated and multifactorial syndrome, cachexia affects ~50-
80% of cancer patients, and is correlated with 20-40% of cancer
deaths (6). It is important to note that poor nutritional status not
only accelerates the progression of cancer, but also hinders the
treatment of the disease, effectively creating a vicious circle that
impacts both cancer care and treatment (7, 8). Previous studies
found that malnutrition could cause patients’ poor response
to antitumor therapy, increase the incidence of postoperative
complications, and subsequently, result in unsatisfactory survival
prognosis (9, 10). In addition, cachexia may be a direct cause
of death for cancer patients (11). In one retrospective autopsy
study, for instance, the results show that ~1% of 486 patients with
cancer died from no other cause but cachexia (11). While some
emerging evidence suggests that response rates of chemotherapy
were lower among weight-losing patients, limited research on
this relationship in breast cancer patients is available (12). Hence,
itis of vital significance to discover more convenient indicators to
evaluate the effect of nutritional status on disease prognosis and
treatment efficacy in breast cancer patients.

Currently known indicators that reflect patients’ nutritional
status range from the assessment of patients’ total body weight
(TBW), globulin (GLB), albumin to globulin ratio (AGR),
body mass index (BMI), to the prognostic nutritional index
(PNI). For instance, previous studies show that malnutrition
was related to poor treatment outcomes among patients with
various types of cancers (13-15). Nevertheless, people know
little about the relationship between nutritional status, cancer
prognosis, and treatment efficacy in breast cancer patients
(16). Existing evidence often suggests that breast cancer might

be related to overnutrition, as opposed to malnutrition (17),
effectively contradicting what is known about the predictive role
of nutritional status in cancer patients.

To further cloud the research field, research indicates that
factors such as BMI might be an unstable indicator of breast
cancer patients’ nutrition status-the relationship between BMI
and the risk of women developing breast cancer differs by
patients’ menopausal status: in premenopausal women, most
studies found either no association or a weak inverse correlation
(18); however, in postmenopausal women, greater levels of BMI
often increase women’s likelihood of receiving a breast cancer
diagnosis (19). One way to better shed light on the relationship
between nutritional status, cancer prognosis, and treatment
efficacy in breast cancer patients is via close examinations of
less-studied factors such as the Nutritional Risk Index (NRI).

NRI is one of the most promising assessment tools in gauging
the impact of nutritional status on cancer patients’ morbidity
and mortality rates (20). It is a composite index that factors
in changes in patients’ ideal body weight, present body weight,
and serum albumin levels, and could serve as a convenient
screening mechanism to predict the incidence rate of nutrition-
related morbidity and mortality in cancer patients (21). For
instance, current evidence suggests that low preoperative NRI
was associated with poor prognosis and increased postoperative
complications and can serve as an indicator in elderly colorectal
cancer patients (22). However, this index remains limited for
breast cancer patients treated with neoadjuvant chemotherapy.
Therefore, to bridge the research gap, the current study aims
to evaluate the clinical and prognostic significance of NRI in
breast cancer patients, and the correlation between NRI and the
treatment efficacy.

MATERIALS AND METHODS
Study Population

The retrospective study included a total of 785 participants-
477 patients with breast cancer undergoing NACT (NACT
group) and 308 breast cancer patients as control (non-NACT
group). All patients received surgery at a large national hospital
located in Beijing, China between January 1998 and December
2016. Anthracyclines-based and/or taxanes-based chemotherapy
regimens were used for 477 breast cancer patients received
NACT treatment. The detailed clinicopathological data were
obtained from the patients’ electronic medical records. This
study was covered under Institutional Review Board (IRB)
approved of Cancer Hospital Chinese Academy of Medical
Sciences and Tongji Hospital, and it adheres to the standards of
the Declaration of Helsinki and its subsequent amendments. All
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of the patients provided written consent before participating in
the study.

Participants were considered as eligible if they were breast
cancer patients who had: (1) Confirmed by pathology; (2)
Undergone primary tumor resection; (3) Performance Status
(Zubrod-ECOG-WHO, ZPS) between 0 and 2 scores, and
Karnofsky Performance Scores (KPS) >80 scores; (4) complete
clinical recorded and follow-up data for all patients; (5)
Expected to survive over 3 months; (6) Admission examination
showed no obvious abnormalities in liver and renal function.
Exclusion criteria were: (1) Patients received relevant anti-
tumor therapy, such as chemotherapy, radiotherapy; (2) With
serious complications, for instance, infection, pneumonia, skin
ulcer; (3) Patients with chronic inflammatory diseases or
autoimmune disease, for example, liver cirrhosis, systemic lupus
erythematosus (SLE); (4) With distant organ metastasis; (5)
Blood product transfusion within 1 month before treatment.

Pre-treatment Evaluation and TNM

Classification

The 8th edition American Joint Committee on Cancer (AJCC)
and the Union for International Cancer Control (UICC) were
used to evaluate TNM stage classification (23, 24). The Response
Evaluation Criteria in Solid Tumors (RECIST) guidelines were
performed to evaluate the response rates of patients who received
NACT (25). The Miller and Payne grade (MPG) framework
was used to assess the histological response of the participants
(26). The National Cancer Institute Common Toxicity Criteria
(NCI-CTC) was used to assess the chemotherapy toxicity and
adverse effects (27). Molecular classification of breast cancer
was triple-negative type, HER2-enriched type, Luminal B HER2-
negative type, Luminal B HER2-positive type, and Luminal A
type, respectively (28).

Peripheral Venous Blood Parameters and

Nutritional Factors

All of patients’ blood samples were taken within 7 days before
treatment. NRI is calculated as follows: 1.519 x serum albumin
level (g/l) + 41.7 x (present/ideal body weight). And the ideal
weight (Wlo) was calculated using the following formula: Height-
100-[(Height-150)/2.5].

Follow-Up

Follow-up modalities included clinical examination, laboratory
tests (routine blood test and blood biochemical), imaging
examination (ultrasonography, mammography, and computed
tomography of the chest). Follow-up evaluations were
performed: (1) every 3 months for the first to second year
postoperatively, (2) every 6 months for the third to fifth
year postoperatively, (3) then yearly thereafter. Disease-free
survival (DFS) was the duration from date of surgery to tumor
recurrence, distant metastases, the date of death from any cause
or last follow-up. Overall survival (OS) was the duration from
the date of surgery to the date of death from any cause or last
follow-up. Follow-up data were obtained from medical records,
both inpatients and outpatients.

Statistical Analysis

The optimal cutoff values of related variables were utilized
receiver operating characteristic (ROC) curves. The qualitative
data was presented as the number of cases (%), and with
intergroup comparisons performed in Chi-square test or Fisher’s
exact test. Survival curves, including DFS and OS, were generated
using the Kaplan-Meier method coupled with the Log-rank
test. The univariate and multivariate Cox proportional hazards
regression model was used to discern potential prognostic
factors. The association between patients’ NRI and prognosis
was performed using hazard ratios (HRs) and 95% confidence
intervals (CIs). All statistical analyses were carried out by SPSS
17.0 (SPSS Inc., Chicago, IL, USA) and GraphPad prism 8.0
(GraphPad Inc., La Jolla, CA, USA). Alpha was set at the 0.05
level, and a two-tailed P < 0.05 was interpreted to achieve
statistically significant.

RESULTS

Demographic and Clinicopathologic

Features

The ROC curve was used to confirm the optimal cutoff value
of NRI, and the value was 112. Two NRI groups were formed
by the optimal NRI cutoff value: low NRI group (NRI < 112)
and high NRI group (NRI > 112). Of all patients, in the results
demonstrated that age (x% = 4.2272, P = 0.0398), menopause
(x* =12.6300, P =0.0004), US-LNM (x* = 6.6599, P = 0.0099),
total lymph nodes (% = 8.7863, P = 0.0030), total axillary lymph
nodes (x> = 6.9193, P = 0.0085) were statistically significant
differences between the two NRI groups. Other parameters were
not statistically significant differences between the two NRI
groups (P > 0.05) (see Table 1).

Nutritional Parameters and Hematological

Parameters

Of all enrolled patients, there were significant differences in
weight (x? = 165.5080, P < 0.0001), Body Mass Index (BMI)
(x? = 189.1500, P < 0.0001), Alanine aminotransferase (ALT)
(x? = 14.2711, P = 0.0002), Aspartate aminotransferase (AST)
(x* = 8.6402, P = 0.0033), Lactate dehydrogenase (LDH) (x*=
19.1932, P < 0.0001), y-glutamyl transpeptidase (GGT) (x? =
22.926, P < 0.001), Alkaline phosphatase (ALP) (x? = 12.861,
P = 0.0003), Blood glucose (GLU) (x? = 13.713, P < 0.001),
Immunoglobulin G (IgG) (x* = 15.8213, P < 0.0001), Albumin
(ALB) (x? = 135.2380, P < 0.0001), White blood cell (W)
(x? = 6.9193, P = 0.0085), Red blood cell (R) (x2 = 34.5983,
P < 0.0001), Hemoglobin (Hb) (x> =30.5623, P < 0.0001),
Neutrophil (N) (x? =12.2538, P = 0.0005), Eosinophils (E) (x2
= 5.6190, P = 0.0178), Platelet (P) (x2 = 13.8379, P = 0.0002),
respectively. The results were shown in Table 2.

Univariate and Multivariate Cox Regression
Survival Analyses for Survival Analysis

The univariate and multivariate Cox proportional-hazards
models with time-varying NRI were used to analyze the
independent prognostic factors. Through univariate and
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TABLE 1 | Demographic and clinicopathologic characteristics of the study’s 785 breast cancer participants.

Parameters NRI 785 NRI 477 NRI 308
Cases (n) Low NRI 291 High NRI 494 X2 P-value Low NRI 174 High NRI 303 X2 P-value Low NRI 117 High NRI 191 X2 P-value
Age (years) 4.2272 0.0398 7.2047 0.0073 0.0037 0.9514
<47 157 (563.95%) 229 (46.36%) 98 (56.32%) 132 (43.56%) 59 (50.43%) 97 (50.79%)
>47 134 (46.05%) 265 (53.64%) 76 (43.68%) 171 (56.44%) 58 (49.57%) 94 (49.21%)
Family history 0.5565 0.4557 3.3583 0.0669 1.4663 0.2259
No 217 (74.57%) 380 (76.92%) 118 (67.82%) 229 (75.58%) 99 (84.62%) 151 (79.06%)
Yes 74 (25.43%) 114 (23.08%) 56 (32.18%) 74 (24.42%) 18 (15.38%) 40 (20.94%)
Menopause 12.6300 0.0004 8.2428 0.0041 4.2263 0.0398
No 206 (70.79%) 287 (58.10%) 117 (67.24%) 163 (53.80%) 89 (76.07%) 124 (64.92%)
Yes 85 (29.21%) 207 (41.90%) 57 (32.76%) 140 (46.20%) 28 (23.93%) 67 (35.08%)
ABO blood type 0.3976 0.9827 2.0368 0.7290 1.8269 0.7676
A 76 (26.12%) 138 (27.94%) 2 (24.14%) 0 (29.70%) 34 (29.06%) 48 (25.13%)
B 97 (33.33%) 165 (33.40%) 58 (33.33%) 87 (28.71%) 39 (33.33%) 78 (40.84%)
O 89 (30.58%) 145 (29.35%) 54 (31.03%) 2 (30.36%) 35 (29.91%) 53 (27.75%)
AB 29 (9.97%) 46 (9.31%) 0 (11.49%) 4 (11.22%) 9 (7.69%) 12 (6.28%)
Tumor site 0.8458 0.3578 0.0358 0.8500 3.0094 0.0828
Right 143 (49.14%) 226 (45.75%) 84 (48.28%) 149 (49.17%) 59 (50.43%) 77 (40.31%)
Left 148 (50.86%) 268 (54.25%) 90 (51.72%) 154 (50.83%) 58 (49.57%) 114 (59.69%)
US-Primary tumor 5.1400 0.2732 6.7210 0.1514 3.3700 0.4979
site
Upper outer 190 (65.29%) 299 (60.53%) 116 (66.67%) 189 (62.38%) 74 (63.25%) 110 (567.59%)
quadrant
Lower outer 21 (7.22%) 60 (12.15%) 9(5.17%) 35 (11.55%) 12 (10.26%) 25 (13.09%)
quadrant
Lower inner 3 (4.47%) 24 (4.86%) 9 (5.17%) 9(2.97%) 4 (3.42%) 5 (7.85%)
quadrant
Upper inner 46 (15.81%) 74 (14.98%) 23 (13.22%) 38 (12.54%) 23 (19.66%) 36 (18.85%)
quadrant
Central 21 (7.22%) 37 (7.49%) 7(9.77%) 32 (10.56%) 4 (3.42%) 5 (2.62%)
US-Tumor size 3.5999 0.1653 3.0109 0.2219 1.7944 0.4077
(cm)
<2cm 105 (36.08%) 205 (41.50%) 44 (25.29%) 91 (30.03%) 61 (52.14%) 114 (59.69%)
>2 and <5cm 153 (52.58%) 249 (50.40%) 99 (56.90%) 174 (57.43%) 54 (46.15%) 75 (39.27%)
>5¢cm 33 (11.34%) 40 (8.10%) 31 (17.82%) 38 (12.54%) 2(1.71%) 2 (1.05%)
US-LNM 6.6599 0.0099 4.3998 0.0359 2.1557 0.1421
No 230 (79.04%) 349 (70.65%) 125 (71.84%) 189 (62.38%) 105 (89.74%) 160 (83.77%)
Yes 61 (20.96%) 145 (29.35%) 49 (28.16%) 114 (37.62%) 12 (10.26%) 31 (16.23%)
(Continued)
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TABLE 1 | Continued

Parameters NRI 785 NRI 477 NRI 308
Cases (n) Low NRI 291 High NRI 494 X2 P-value Low NRI 174 High NRI 303 X2 P-value Low NRI 117 High NRI 191 x2 P-value
US-BIRADS 0.2781 0.8702 0.7660 0.6818 0.2191 0.8963
4 27 (9.28%) 51 (10.32%) 18 (10.34%) 36 (11.88%) 9 (7.69%) 15 (7.85%)
5 118 (40.55%) 202 (40.89%) 64 (36.78%) 119 (39.27%) 54 (46.15%) 83 (43.46%)
6 146 (560.17%) 241 (48.79%) 92 (52.87%) 148 (48.84%) 54 (46.15%) 93 (48.69%)
Clinical T stage 1.1766 0.8819 0.7925 0.9395 2.3854 0.6653
T1 59 (20.27%) 109 (22.06%) 5 (14.37%) 40 (13.20%) 34 (29.06%) 69 (36.13%)
T2 154 (52.92%) 259 (52.43%) 80 (45.98%) 146 (48.18%) 74 (63.25%) 113 (69.16%)
T3 53 (18.21%) 78 (15.79%) 5 (25.86%) 70 (23.10%) 8 (6.84%) 8 (4.19%)
T4 25 (8.59%) 48 (9.72%) 4 (13.79%) 47 (15.51%) 1(0.85%) 1(0.52%)
Clinical N stage 6.8947 0.1416 3.2495 0.5170 4.8157 0.3067
NO 125 (42.96%) 174 (35.22%) 1(17.82%) 42 (13.86%) 94 (80.34%) 132 (69.11%)
N1 75 (25.77%) 158 (31.98%) 56 (32.18%) 108 (35.64%) 19 (16.24%) 50 (26.18%)
N2 53 (18.21%) 107 (21.66%) 0 (28.74%) 101 (33.33%) 3 (2.56%) 6 (3.14%)
N3 38 (13.06%) 55 (11.13%) 7 (21.26%) 52 (17.16%) 1(0.85%) 3(1.57%)
Clinical TNM stage 1.0040 0.6053 0.6262 0.7312 0.5983 0.7415
| 34 (11.68%) 58 (11.74%) 6 (3.45%) 8 (2.64%) 28 (23.93%) 50 (26.18%)
Il 148 (50.86%) 234 (47.37%) 64 (36.78%) 104 (34.32%) 84 (71.79%) 130 (68.06%)
1l 109 (37.46%) 202 (40.89%) 104 (59.77%) 191 (63.04%) 5 (4.27%) 11 (5.76%)
Neoadjuvant 3.9810 0.4085
Chemotherapy
(PRE)
AC/ACF 6 (3.45%) 22 (7.26%)
CT/ACT 11 (6.32%) 16 (5.28%)
AT 86 (49.43%) 137 (45.21%)
TP 48 (27.59%) 93 (30.69%)
Others 23 (13.22%) 35 (11.55%)
Chemotherapy 0.4359 0.5091
times (PRE)
<6 52 (29.89%) 82 (27.06%)
>6 122 (70.11%) 221 (72.94%)
Response 4.0382 0.4009
CR 3(1.72%) 4 (1.32%)
PR 110 (63.22%) 202 (66.67%)
SD 56 (32.18%) 95 (31.35%)
(Continued)
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TABLE 1 | Continued

Parameters NRI 785 NRI 477 NRI 308
Cases (n) Low NRI 291 High NRI 494 x2 P-value Low NRI 174 High NRI 303 x2 P-value Low NRI 117 High NRI 191 x2 P-value
PD 5 (2.87%) 2 (0.66%)
Miller and Payne 5.3440 0.2538
grade
1 7 (4.02%) 15 (4.95%)
2 40 (22.99%) 86 (28.38%)
3 63 (36.21%) 114 (37.62%)
4 30 (17.24%) 32 (10.56%)
5 34 (19.54%) 56 (18.48%)
Pathological 0.0382 0.8450
response
pCR 27 (15.52%) 45 (14.85%)
non-pCR 147 (84.48%) 258 (85.15%)
Post- 0.9129 0.9693 2.5610 0.7673 2.9160 0.7129
chemotherapy
regimen
AC/ACF 47 (16.15%) 78 (15.79%) 13 (7.47%) 30 (9.90%) 34 (29.06%) 48 (25.13%)
CT/ACT 48 (16.49%) 77 (15.59%) 12 (6.90%) 18 (5.94%) 36 (30.77%) 59 (30.89%)
AT 38 (13.06%) 59 (11.94%) 17 9.77%) 20 (6.60%) 21 (17.95%) 39 (20.42%)
TP 24 (8.25%) 37 (7.49%) 15 (8.62%) 24 (7.92%) 9 (7.69%) 13 (6.81%)
Others 37 (12.71%) 71 (14.37%) 30 (17.24%) 51 (16.83%) 7 (5.98%) 20 (10.47%)
NO 97 (33.33%) 172 (34.82%) 87 (560.00%) 160 (52.81%) 10 (8.55%) 12 (6.28%)
Operative time 0.7026 0.4019 0.1904 0.6626 0.4766 0.4900
(min)
<90 123 (42.27%) 224 (45.34%) 90 (51.72%) 163 (563.80%) 33 (28.21%) 61 (31.94%)
>90 168 (57.73%) 270 (54.66%) 84 (48.28%) 140 (46.20%) 84 (71.79%) 130 (68.06%)
Type of surgery 0.4121 0.5209 2.6578 0.1030 0.56543 0.4566
Mastectomy 221 (75.95%) 385 (77.94%) 142 (81.61%) 264 (87.13%) 79 (67.52%) 121 (63.35%)
Breast-conserving 70 (24.05%) 109 (22.06%) 32 (18.39%) 39 (12.87%) 38 (32.48%) 70 (36.65%)
surgery
Tumor size 0.6829 0.7108 1.4411 0.4865 8.8906 0.0117
<2cm 157 (63.95%) 280 (56.68%) 102 (58.62%) 161 (63.14%) 55 (47.01%) 119 (62.30%)
>2 and <5¢cm 114 (39.18%) 185 (37.45%) 57 (32.76%) 115 (37.95%) 57 (48.72%) 70 (36.65%)
>5¢cm 20 (6.87%) 29 (5.87%) 15 (8.62%) 27 (8.91%) 5 (4.27%) 2 (1.05%)
Histologic type 1.7407 0.4188 4.1249 0.1271 0.3858 0.8246
Ductal 284 (97.59%) 474 (95.95%) 172 (98.85%) 289 (95.38%) 112 (95.73%) 185 (96.86%)
Lobular 4 (1.37%) 9 (1.82%) 1(0.57%) 6 (1.98%) 3 (2.56%) 3 (1.57%)
Others 3 (1.03%) 11 (2.23%) 1(0.57%) 8 (2.64%) 2(1.71%) 3(1.57%)
(Continued)
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TABLE 1 | Continued

Parameters NRI 785 NRI 477 NRI 308
Cases (n) Low NRI 291 High NRI 494 %2 P-value Low NRI 174 High NRI 303 X2 P-value Low NRI 117 High NRI 191 X2 P-value
Histologic grade 1.3423 0.5111 3.0411 0.2186 13.3849 0.0012
| 52 (17.87%) 81 (16.40%) 34 (19.54%) 74 (24.42%) 18 (15.38%) 7 (3.66%)
Il 164 (56.36%) 267 (54.05%) 98 (56.32%) 146 (48.18%) 66 (56.41%) 121 (63.35%)
Il 75 (25.77%) 146 (29.55%) 42 (24.14%) 83 (27.39%) 33 (28.21%) 63 (32.98%)
Pathological T 2.5200 0.6411 5.7720 0.2169 4.1800 0.3822
stage
Tis/TO 35 (12.03%) 57 (11.54%) 32 (18.39%) 56 (18.48%) 3 (2.56%) 1(0.52%)
T 113 (38.83%) 189 (38.26%) 76 (43.68%) 114 (37.62%) 37 (31.62%) 75 (39.27%)
T2 114 (39.18%) 212 (42.91%) 44 (25.29%) 105 (34.65%) 70 (59.83%) 107 (56.02%)
T3 21 (7.22%) 24 (4.86%) 16 (9.20%) 18 (5.94%) 5 (4.27%) 6 (3.14%)
T4 8 (2.75%) 12 (2.43%) 6 (3.45%) 10 (3.30%) 2(1.71%) 2 (1.05%)
Pathological N 3.2307 0.5200 2.0263 0.7309 6.1693 0.1869
stage
NO 124 (42.61%) 202 (40.89%) 67 (38.51%) 109 (35.97%) 57 (48.72%) 93 (48.69%)
N1 56 (19.24%) 119 (24.09%) 35 (20.11%) 66 (21.78%) 21 (17.95%) 53 (27.75%)
N2 51 (17.53%) 71 (14.37%) 32 (18.39%) 45 (14.85%) 19 (16.24%) 26 (13.61%)
N3 60 (20.62%) 102 (20.65%) 40 (22.99%) 83 (27.39%) 20 (17.09%) 19 (9.95%)
Pathological TNM 2.8211 0.5882 5.8386 0.2115 3.7345 0.4431
stage
Tis/TO 28 (9.62%) 46 (9.31%) 26 (14.94%) 45 (14.85%) 2(1.71%) 1(0.52%)
| 64 (21.99%) 93 (18.83%) 39 (22.41%) 44 (14.52%) 25 (21.37%) 49 (25.65%)
Il 87 (29.90%) 175 (35.43%) 36 (20.69%) 82 (27.06%) 51 (43.59%) 93 (48.69%)
1l 112 (38.49%) 180 (36.44%) 73 (41.95%) 132 (43.56%) 39 (33.33%) 48 (25.13%)
Total lymph nodes 8.7863 0.0030 3.9425 0.0471 4.9253 0.0265
<21 165 (56.70%) 226 (45.75%) 84 (48.28%) 118 (38.94%) 81 (69.23%) 108 (56.54%)
>21 126 (43.30%) 268 (54.25%) 90 (51.72%) 185 (61.06%) 36 (30.77%) 83 (43.46%)
Positive lymph 0.3660 0.5452 0.5296 0.4668 0.0127 0.9101
nodes
<1 126 (43.30%) 203 (41.09%) 69 (39.66%) 110 (36.30%) 57 (48.72%) 93 (48.69%)
>1 165 (56.70%) 291 (58.91%) 105 (60.34%) 193 (63.70%) 60 (51.28%) 98 (51.31%)
Total axillary lymph 6.9193 0.0085 5.2727 0.0217 1.6639 0.1971
nodes
(Continued)
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TABLE 1 | Continued

Parameters NRI 785 NRI 477 NRI 308

Cases (n) Low NRI 291 High NRI 494 %2 P-value Low NRI 174 High NRI 303 X2 P-value Low NRI 117 High NRI 191 x2 P-value
<20 162 (55.67%) 227 (45.95%) 83 (47.70%) 112 (36.96%) 79 (67.52%) 115 (60.21%)

>20 129 (44.33%) 267 (54.05%) 91 (52.30%) 191 (63.04%) 38 (32.48%) 76 (39.79%)

Positive axillary 0.0160 0.8993 0.2612 0.6093 0.2575 0.6118
lymph nodes

<1 128 (43.99%) 215 (43.52%) 69 (39.66%) 113 (37.29%) 59 (50.43%) 102 (53.40%)

>1 163 (56.01%) 279 (56.48%) 105 (60.34%) 190 (62.71%) 58 (49.57%) 89 (46.60%)

Post-operative 0.7944 0.3728 4.4512 0.0349 0.6359 0.4252
complications

No 273 (93.81%) 455 (92.11%) 169 (97.13%) 280 (92.41%) 104 (88.89%) 175 (91.62%)

Yes 18 (6.19%) 39 (7.89%) 5(2.87%) 23 (7.59%) 13 (11.11%) 16 (8.38%)

Post-operative 0.1792 0.6721 0.3484 0.5550 0.5609 0.4539
chemotherapy

No 97 (33.33%) 172 (34.82%) 87 (50.00%) 160 (52.81%) 10 (8.55%) 12 (6.28%)

Yes 194 (66.67 %) 322 (65.18%) 87 (50.00%) 143 (47.19%) 107 (91.45%) 179 (93.72%)

Post-operative 0.1528 0.6959 0.0100 0.9205 0.1177 0.7316
chemotherapy

times

<4 136 (46.74%) 238 (48.18%) 124 (71.26%) 216 (71.29%) 12 (10.26%) 22 (11.52%)

>4 155 (563.26%) 256 (51.82%) 50 (28.74%) 87 (28.71%) 105 (89.74%) 169 (88.48%)

Post-operative 0.0034 0.9534 0.3244 0.5690 0.3721 0.5419
radiotherapy

No 73 (25.09%) 123 (24.90%) 46 (26.44%) 73 (24.09%) 27 (23.08%) 50 (26.18%)

Yes 218 (74.91%) 371 (75.10%) 128 (73.56%) 230 (75.91%) 90 (76.92%) 141 (73.82%)

Post-operative 0.0968 0.7557 0.5481 0.4591 0.1384 0.7099
endocrine therapy

No 114 (39.18%) 188 (38.06%) 79 (45.40%) 127 (41.91%) 35 (29.91%) 61 (31.94%)

Yes 177 (60.82%) 306 (61.94%) 95 (54.60%) 176 (58.09%) 82 (70.09%) 130 (68.06%)

Post-operative 2.3758 0.1232 2.8104 0.0937 0.1659 0.6838
targeted therapy

No 207 (71.13%) 376 (76.11%) 113 (64.94%) 219 (72.28%) 94 (80.34%) 157 (82.20%)

Yes 84 (28.87%) 118 (23.89%) 61 (35.06%) 84 (27.72%) 23 (19.66%) 34 (17.80%)
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TABLE 2 | The correlation between nutritional parameters/blood parameters and NRI.

Parameters NRI 785 NRI 477 NRI 308
Cases (n) Low NRI 291 High NRI 494 x2 P-value Low NRI 174 High NRI 303 x2 P-value Low NRI 117 High NRI 191 x2 P-value
Weight (Kg) 165.5080  <0.0001 114.6400  <0.0001 52.3078 <0.0001
<62.00 229 (78.69%) 154 (31.17%) 142 (81.61%) 93 (30.69%) 87 (74.36%) 61 (31.94%)
>62.00 62 (21.31%) 340 (68.83%) 32 (18.39%) 210 (69.31%) 30 (25.64%) 130 (68.06%)
Height (m) 0.0191 0.8900 0.2239 0.6361 0.5970 0.4397
<1.60 124 (42.61%) 213 (43.12%) 82 (47.13%) 136 (44.88%) 42 (35.90%) 77 (40.31%)
>1.60 167 (57.39%) 281 (56.88%) 92 (52.87%) 167 (55.12%) 75 (64.10%) 114 (59.69%)
BMI 189.1500  <0.0001 1244900  <0.0001 65.9453 <0.0001
<24.00 238 (81.79%) 153 (30.97%) 148 (85.06%) 97 (32.01%) 90 (76.92%) 56 (29.32%)
>24.00 53 (18.21%) 341 (69.03%) 26 (14.94%) 206 (67.99%) 27 (23.08%) 135 (70.68%)
ALT (UL) 14.2711 0.0002 6.3387 0.0118 8.0961 0.0044
<15 163 (56.01%) 207 (41.90%) 89 (51.15%) 119 (39.27%) 74 (63.25%) 88 (46.07%)
>15 129 (44.33%) 287 (58.10%) 85 (48.85%) 184 (60.73%) 44 (37.61%) 103 (563.93%)
AST (U/L) 8.6402 0.0033 4.4634 0.0346 4.0702 0.0437
<18 160 (54.98%) 218 (44.13%) 88 (50.57%) 123 (40.59%) 72 (61.54%) 95 (49.74%)
>18 131 (45.02%) 276 (55.87%) 86 (49.43%) 180 (59.41%) 45 (38.46%) 96 (50.26%)
LDH (U/L) 19.1932 <0.0001 11.6302 0.0007 7.5377 0.0060
<167 169 (58.08%) 207 (41.90%) 88 (50.57%) 105 (34.65%) 81 (69.23%) 102 (53.40%)
>167 122 (41.92%) 287 (58.10%) 86 (49.43%) 198 (65.35%) 36 (30.77%) 89 (46.60%)
GGT (U/L) 22.9262 <0.0001 9.4150 0.0022 14.3058 0.0002
<17 168 (57.73%) 198 (40.08%) 90 (51.72%) 113 (37.29%) 78 (66.67%) 85 (44.50%)
>17 123 (42.27%) 296 (59.92%) 84 (48.28%) 190 (62.71%) 39 (33.33%) 106 (55.50%)
ALP (U/L) 12.8606 0.0003 8.3752 0.0038 4.4880 0.0341
<64 164 (56.36%) 213 (43.12%) 98 (56.32%) 129 (42.57%) 66 (56.41%) 84 (43.98%)
>64 127 (43.64%) 281 (56.88%) 76 (43.68%) 174 (57.43%) 51 (43.59%) 107 (56.02%)
GLU (mmol/L) 13.7133 0.0002 20.6972 <0.0001 0.0934 0.7599
<5.33 170 (58.42%) 221 (44.74%) 114 (65.52%) 133 (43.89%) 56 (47.86%) 88 (46.07%)
>5.33 121 (41.58%) 273 (55.26%) 60 (34.48%) 170 (56.11%) 61 (52.14%) 1083 (53.93%)
IgA (g/L) 0.5835 0.4450 0.6877 0.4069 0.0467 0.8289
<2.30 149 (51.20%) 239 (48.38%) 93 (53.45%) 150 (49.50%) 56 (47.86%) 89 (46.60%)
>2.30 142 (48.80%) 255 (51.62%) 81 (46.55%) 153 (560.50%) 61 (52.14%) 102 (53.40%)
19G (g/L) 15.8213 <0.0001 7.1034 0.0077 9.1460 0.0025
<11.70 170 (58.42%) 216 (43.72%) 99 (56.90%) 134 (44.22%) 71 (60.68%) 82 (42.93%)
>11.70 121 (41.58%) 278 (56.28%) 75 (43.10%) 169 (55.78%) 46 (39.32%) 109 (57.07%)
IgM (g/L) 2.8698 0.0903 1.7770 0.1825 1.0348 0.3090
<1.10 132 (45.36%) 255 (51.62%) 82 (47.13%) 162 (53.47%) 50 (42.74%) 93 (48.69%)
>1.10 159 (54.64%) 239 (48.38%) 92 (52.87%) 141 (46.53%) 67 (57.26%) 98 (51.31%)
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TABLE 2 | Continued

Parameters NRI 785 NRI 477 NRI 308
Cases (n) Low NRI 291 High NRI 494 X2 P-value Low NRI 174 High NRI 303 X2 P-value Low NRI 117 High NRI 191 X2 P-value
ALB (g/L) 135.2380  <0.0001 74.2045 <0.0001 61.3788 <0.0001
<45.2 224 (76.98%) 168 (34.01%) 131 (75.29%) 104 (34.32%) 93 (79.49%) 64 (33.51%)
>45.2 67 (23.02%) 326 (65.99%) 43 (24.71%) 199 (65.68%) 24 (20.51%) 127 (66.49%)
CRP (mg/dl) 0.6978 0.4035 0.0235 0.8783 1.0375 0.3084
<0.02 148 (50.86%) 236 (47.77%) 69 (39.66%) 118 (38.94%) 79 (67.52%) 118 (61.78%)
>0.02 143 (49.14%) 258 (52.23%) 105 (60.34%) 185 (61.06%) 38 (32.48%) 73 (38.22%)
CA125 (U/ml) 2.7964 0.0945 2.1107 0.1463 0.8742 0.3498
<13.35 134 (46.05%) 258 (52.23%) 73 (41.95%) 148 (48.84%) 61 (52.14%) 110 (57.59%)
>13.35 157 (53.95%) 236 (47.77%) 101 (58.05%) 155 (51.16%) 56 (47.86%) 81 (42.41%)
CA153 (U/ml) 0.0620 0.8033 0.3039 0.5814 0.9651 0.3259
<11.63 147 (560.52%) 245 (49.60%) 73 (41.95%) 135 (44.55%) 74 (63.25%) 110 (567.59%)
>11.63 144 (49.48%) 249 (50.40%) 101 (568.05%) 168 (55.45%) 43 (36.75%) 81 (42.41%)
CEA (ng/ml) 0.0378 0.8459 0.0651 0.7986 0.0081 0.9285
<1.66 144 (49.48%) 248 (50.20%) 76 (43.68%) 136 (44.88%) 68 (58.12%) 112 (58.64%)
>1.66 147 (50.52%) 246 (49.80%) 98 (56.32%) 167 (565.12%) 49 (41.88%) 79 (41.36%)
D-D (mg/L) 0.9341 0.3338 0.9454 0.3309 0.0537 0.8167
<0.29 150 (51.55%) 237 (47.98%) 78 (44.83%) 122 (40.26%) 72 (61.54%) 115 (60.21%)
>0.29 141 (48.45%) 257 (52.02%) 96 (565.17%) 181 (59.74%) 45 (38.46%) 76 (39.79%)
FIB (g/L) 1.8362 0.1754 0.6464 0.4214 1.2150 0.2704
<2.85 153 (52.58%) 235 (47.57%) 83 (47.70%) 133 (43.89%) 70 (59.83%) 102 (53.40%)
>2.85 138 (47.42%) 259 (52.43%) 91 (52.30%) 170 (566.11%) 47 (40.17%) 89 (46.60%)
INR 0.1167 0.7326 0.0951 0.7578 0.1161 0.7333
<0.93 133 (45.70%) 232 (46.96%) 63 (36.21%) 114 (37.62%) 70 (59.83%) 118 (61.78%)
>0.93 158 (54.30%) 262 (53.04%) 111 (63.79%) 189 (62.38%) 47 (40.17%) 73 (38.22%)
FDP (ug/ml) 0.2037 0.6518 1.5777 0.2091 0.1936 0.6599
<1.40 133 (45.70%) 234 (47.37%) 44 (25.29%) 93 (30.69%) 89 (76.07%) 141 (73.82%)
>1.40 158 (54.30%) 260 (52.63%) 130 (74.71%) 210 (69.31%) 28 (23.93%) 50 (26.18%)
Before
chemotherapy
White blood cell 6.9193 0.0085 2.2118 0.1370 5.5383 0.0186
(W) (x10°/L)
<6.01 162 (55.67%) 227 (45.95%) 95 (54.60%) 144 (47.52%) 67 (57.26%) 83 (43.46%)
>6.01 129 (44.33%) 267 (54.05%) 79 (45.40%) 159 (52.48%) 50 (42.74%) 108 (56.54%)
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TABLE 2 | Continued

Parameters NRI 785 NRI 477 NRI 308

Cases (n) Low NRI 291 High NRI 494 x2 P-value Low NRI 174 High NRI 303 x2 P-value Low NRI 117 High NRI 191 x2 P-value
Red blood cell (R) 34.5983 <0.0001 24.9932 <0.0001 10.0475 0.0015
(x10"/)

<4.40 184 (63.23%) 205 (41.50%) 112 (64.37%) 123 (40.59%) 72 (61.54%) 82 (42.93%)

>4.40 107 (36.77%) 289 (58.50%) 62 (35.63%) 180 (59.41%) 45 (38.46%) 109 (57.07%)

Hemoglobin (Hb) 30.5623 <0.0001 15.0049 0.0001 16.4623 <0.0001
(x10%/L)

<132 179 (61.51%) 203 (41.09%) 109 (62.64%) 134 (44.22%) 70 (59.83%) 69 (36.13%)

>132 112 (38.49%) 291 (58.91%) 65 (37.36%) 169 (55.78%) 47 (40.17%) 122 (63.87%)

Neutrophil (N) 12.2538 0.0005 5.6323 0.0176 6.7928 0.0092
(x10%/L)

<3.68 169 (58.08%) 223 (45.14%) 96 (65.17%) 133 (43.89%) 73 (62.39%) 90 (47.12%)

>3.68 122 (41.92%) 271 (54.86%) 78 (44.83%) 170 (56.11%) 44 (37.61%) 101 (52.88%)

Lymphocyte (L) 0.0043 0.9477 0.3036 0.5816 0.3575 0.5499
(x10°/L)

<1.76 145 (49.83%) 246 (49.80%) 97 (55.75%) 161 (63.14%) 48 (41.03%) 85 (44.50%)

>1.76 146 (50.17%) 248 (50.20%) 77 (44.25%) 142 (46.86%) 69 (568.97%) 106 (55.50%)

Monocyte (M) 0.1913 0.6619 0.0532 0.8175 0.1483 0.7002
(x10°/L)

<0.35 139 (47.77%) 228 (46.15%) 80 (45.98%) 136 (44.88%) 59 (50.43%) 92 (48.17%)

>0.35 152 (562.23%) 266 (53.85%) 94 (54.02%) 167 (65.12%) 58 (49.57%) 99 (51.83%)

Eosinophils (E) 5.6190 0.0178 1.2650 0.2607 5.56256 0.0187
(x109/L)

<0.06 116 (39.86%) 240 (48.58%) 82 (47.13%) 159 (52.48%) 34 (29.06%) 81 (42.41%)

>0.06 175 (60.14%) 254 (51.42%) 92 (52.87%) 144 (47.52%) 83 (70.94%) 110 (57.59%)

Basophils (B) 2.6581 0.1030 3.1246 0.0771 0.1668 0.6830
(x109/L)

<0.02 93 (31.96%) 131 (26.52%) 58 (33.33%) 78 (25.74%) 35 (29.91%) 53 (27.75%)

>0.02 198 (68.04%) 363 (73.48%) 116 (66.67%) 225 (74.26%) 82 (70.09%) 138 (72.25%)

Platelet (P) 13.8379 0.0002 9.6383 0.0019 41917 0.0406
(x10%/L)

<243 169 (58.08%) 219 (44.33%) 98 (566.32%) 126 (41.58%) 71 (60.68%) 93 (48.69%)

>243 122 (41.92%) 275 (65.67%) 76 (43.68%) 177 (58.42%) 46 (39.32%) 98 (561.31%)

a1
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TABLE 3 | Univariate and multivariate cox regression survival analyses of the NRI for the prediction of DFS and OS in the participants.

Univariate analysis DFS Multivariate analysis Univariate analysis OS  Multivariate analysis
Parameters Hazard ratio (95% P-value Hazard ratio (95% P-value Hazard ratio (95% P-value Hazard ratio (95% P-value
Cl) Cl) Cl) Cl)
Cases (n)
Age (years) 0.6653 0.9316
<47 1 (reference) 1 (reference)
>47 0.926 (0.654-1.311) 1.015 (0.717-1.437)
Weight (Kg) 0.3371 0.3594
<62.00 1 (reference) 1 (reference)
>62.00 1.212 (0.819-1.793) 1.209 (0.806-1.814)
Height (m) 0.5863 0.5458
<1.60 1 (reference) 1 (reference)
>1.60 0.926 (0.700-1.223) 0.915 (0.687-1.220)
BMI 0.0696 0.1769
<24.00 1 (reference) 1 (reference)
>24.00 0.690 (0.462-1.030) 0.754 (0.500-1.136)
Family history 0.3081 0.7330
No 1 (reference) 1 (reference)
Yes 0.855 (0.633-1.155) 0.948 (0.700-1.285)
Menopause 0.0210 0.0037 0.1971
No 1 (reference) 1 (reference) 1 (reference)
Yes 1.531 (1.066-2.199) 1.412 (1.119-1.782) 1.274 (0.882-1.841)
ALT (UL) 0.9828 0.4137
<15 1 (reference) 1 (reference)
>15 1.003 (0.740-1.361) 0.880 (0.648-1.196)
AST (U/L) 0.3652 0.7735
<18 1 (reference) 1 (reference)
>18 0.867 (0.636-1.181) 0.955 (0.696-1.309)
LDH (U/L) 0.2055 0.3921
<167 1 (reference) 1 (reference)
>167 1.198 (0.906-1.586) 1.131 (0.853-1.499)
GGT (U/L) 0.8440 0.9701
<17 1 (reference) 1 (reference)
>17 1.029 (0.773-1.370) 1.006 (0.751-1.347)
ALP (U/L) 0.0780 0.0714
<64 1 (reference) 1 (reference)
>64 1.293 (0.972-1.721) 1.306 (0.977-1.745)
GLU (mmol/L) 0.0022 0.0032 0.0142 0.0019
<5.33 1 (reference) 1 (reference) 1 (reference) 1 (reference)
>5.33 0.647 (0.490-0.855) 0.713 (0.569-0.893) 0.694 (0.519-0.930) 0.683 (0.536-0.869)
IgA 0.5811 0.3024
<2.30 1 (reference) 1 (reference)
>2.30 1.074 (0.834-1.384) 1.146 (0.885-1.483)
I9G 0.7248 0.7598
<11.70 1 (reference) 1 (reference)
>11.70 0.956 (0.745-1.227) 0.962 (0.748-1.237)
IgM 0.6205 0.7928
<1.10 1 (reference) 1 (reference)
>1.10 0.939 (0.732-1.205) 0.966 (0.748-1.249)
ALB 0.2803 0.7265
<45.2 1 (reference) 1 (reference)
>45.2 1.172 (0.879-1.564) 0.949 (0.707-1.273)
(Continued)
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TABLE 3 | Continued

Univariate analysis DFS Multivariate analysis Univariate analysis OS  Multivariate analysis
Parameters Hazard ratio (95% P-value Hazard ratio (95% P-value Hazard ratio (95% P-value Hazard ratio (95% P-value
Cl) Cl) Cl) Cl)

CRP 0.1714 0.4541

<0.02 1 (reference) 1 (reference)

>0.02 0.822 (0.620-1.089) 0.894 (0.666-1.199)

CA125 0.0174 0.0248 0.1988

<13.35 1 (reference) 1 (reference) 1 (reference)

>13.35 1.372 (1.057-1.781) 1.298 (1.034-1.630) 1.188 (0.914-1.543)

CA153 0.0040 0.0180 0.0042 0.0033

<11.63 1 (reference) 1 (reference) 1 (reference) 1 (reference)

>11.63 1.516 (1.143-2.012) 1.302 (1.046-1.620) 1.514 (1.140-2.011) 1.390 (1.116-1.732)

CEA 0.4982 0.8598

<1.66 1 (reference) 1 (reference)

>1.66 0.914 (0.705-1.186) 1.024 (0.786-1.334)

D-D (mg/L) 0.1937 0.2868

<0.29 1 (reference) 1 (reference)

>0.29 1.200 (0.911-1.581) 1.166 (0.879-1.546)

FIB (g/L) 0.8146 0.2548

<2.85 1 (reference) 1 (reference)

>2.85 0.969 (0.745-1.261) 1.167 (0.895-1.522)

INR 0.6036 0.0448 0.0107

<0.93 1 (reference) 1 (reference) 1 (reference)

>0.93 0.936 (0.728-1.203) 1.296 (1.006-1.671) 1.335 (1.069-1.667)

FDP (ug/ml) 0.5275 0.3305

<1.40 1 (reference) 1 (reference)

>1.40 1.102 (0.815-1.492) 0.859 (0.633-1.166)

ABO blood type 0.0874 0.1258

A 1 (reference) 1 (reference)

B 0.950 (0.695-1.299) 0.898 (0.649-1.243)

O 0.718 (0.517-0.997) 0.745 (0.531-1.044)

AB 1.175 (0.746-1.850) 1.238 (0.770-1.992)

White blood cell (W) 0.0901 0.2279

<6.01 1 (reference) 1 (reference)

>6.01 1.406 (0.948-2.086) 1.289 (0.853-1.947)

Red blood cell (R) 0.8669 0.7343

<4.40 1 (reference) 1 (reference)

>4.40 0.974 (0.716-1.325) 1.055 (0.774-1.438)

Hemoglobin (Hb) 0.6310 0.3908

<132 1 (reference) 1 (reference)

>132 0.928 (0.683-1.261) 0.877 (0.649-1.184)

Neutrophil (N) 0.8081 0.8474

<3.68 1 (reference) 1 (reference)

>3.68 0.956 (0.667-1.371) 0.964 (0.661-1.405)

Lymphocyte (L) 0.1995 0.7082

<1.76 1 (reference) 1 (reference)

>1.76 0.828 (0.620-1.105) 0.946 (0.707-1.265)

Monocyte (M) 0.3330 0.0030 0.0030

<0.35 1 (reference) 1 (reference) 1 (reference)

>0.35 0.875 (0.668-1.146) 0.657 (0.497-0.868) 0.701 (0.556-0.884)
(Continued)
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TABLE 3 | Continued

Univariate analysis DFS Multivariate analysis Univariate analysis OS  Multivariate analysis

Parameters Hazard ratio (95% P-value Hazard ratio (95% P-value Hazard ratio (95% P-value Hazard ratio (95% P-value
Cl) Cl) Cl) Cl)
Eosinophils (E) 0.0141 0.0197 0.0005 0.0234
<0.06 1 (reference) 1 (reference) 1 (reference) 1 (reference)
>0.06 0.715 (0.546-0.934) 0.766 (0.613-0.958) 0.613 (0.466-0.807) 0.775 (0.622-0.966)
Basophils (B) 0.3230 0.2915
<0.02 1 (reference) 1 (reference)
>0.02 1.156 (0.867-1.543) 1.172 (0.873-1.572)
Platelet (P) 0.1400
<243 1 (reference) 1 (reference)
>243 0.829 (0.646-1.064) 0.847 (0.657-1.094)
Nutritional risk index 0.0191 0.0038 0.0257 0.0003
(NRI)
<112 1 (reference) 1 (reference) 1 (reference) 1 (reference)
>112 1.621 (1.071-2.161) 1.415(1.119-1.789) 1.500 (1.051-2.143) 1.547 (1.221-1.959)
Tumor site 0.1413 0.1316
Right 1 (reference) 1 (reference)
Left 1.208 (0.939-1.553) 1.218 (0.942-1.575)
US-Primary tumor 0.2583
site
Upper outer 1 (reference) 1 (reference)
quadrant
Lower outer 1.267 (0.852-1.885) 1.256 (0.832-1.895)
quadrant
Lower inner 1.399 (0.809-2.420) 1.747 (1.011-3.017)
quadrant
Upper inner 1.351 (0.964-1.891) 1.190 (0.841-1.686)
quadrant
Central 1.397 (0.798-2.447) 1.216 (0.692-2.137)
US-Tumor size 0.5810
<2cm 1 (reference) 1 (reference)
>2 and <5¢cm 0.899 (0.657-1.228) 0.980 (0.713-1.346)
>5cm 1.131 (0.616-2.077) 0.827 (0.445-1.537)
US-LNM 0.9629
No 1 (reference) 1 (reference)
Yes 0.992 (0.699-1.406) 1.152 (0.809-1.640)
US-BIRADS 0.7120
4 (4a 4b 4c) 1 (reference) 1 (reference)
5 0.828 (0.517-1.325) 0.766 (0.459-1.279)
6 0.875 (0.540-1.419) 0.837 (0.494-11.419)
Clinical stage
Clinical T stage 0.0810 0.0200
T 1 (reference) 1 (reference) 1 (reference)
T2 2.060 (1.190-3.568) 2.218 (1.241-3.964) 2,102 (1.181-3.740)
T3 2.040 (1.026-4.055) 2.619 (1.285-5.341) 2.496 (1.227-5.079)
T4 2.006 (0.901-4.464) 2.730 (1.177-6.332) 2.693 (1.167-6.212)
Clinical N stage 0.1683
NO 1 (reference) 1 (reference)
N1 0.957 (0.637-1.440) 1.051 (0.679-1.629)
N2 0.976 (0.488-1.951) 0.998 (0.490-2.031)
N3 1.676 (0.784-3.585) 1.552 (0.693-3.477)
(Continued)
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TABLE 3 | Continued

Univariate analysis DFS Multivariate analysis Univariate analysis OS  Multivariate analysis

Parameters Hazard ratio (95% P-value Hazard ratio (95% P-value Hazard ratio (95% P-value Hazard ratio (95% P-value
Cl) Cl) Cl) Cl)
Clinical TNM stage 0.1995 0.3053
| 1 (reference) 1 (reference)
I 0.581 (0.310-1.091) 0.601 (0.308-1.172)
Il 0.693 (0.287-1.677) 0.662 (0.260-1.685)
Operative time (min) 0.2776 0.0618
<90 1 (reference) 1 (reference)
>90 0.855 (0.645-1.134) 0.760 (0.569-1.014)
Type of surgery 0.1932 0.4770
Mastectomy 1 (reference) 1 (reference)
Breast-conserving 0.788 (0.550-1.128) 1.144 (0.790-1.656)
surgery
Histologic type 0.0200 0.0190 0.0083 0.0060
Ductal 1 (reference) 1 (reference) 1 (reference) 1 (reference)
Lobular 2.682 (1.175-6.119) 2.718 (1.187-6.223) 2.638 (1.099-6.334) 2.562 (1.229-5.341)
Others 2.230 (1.067-4.660) 2.074 (1.005-4.284) 2.5652 (1.149-5.672) 2.162 (1.050-4.448)
Histologic grade 0.1184 0.1867
| 1 (reference) 1 (reference)
Il 0.784 (0.490-1.255) 0.811 (0.502-1.310)
Il 0.625 (0.379-1.030) 0.655 (0.391-1.097)
Pathological T stage 0.0100 0.0099 0.0184 0.0380
Tis/TO 1 (reference) 1 (reference) 1 (reference) 1 (reference)
T 1.573 (0.897-2.758) 1.573 (0.897-2.758) 0.625 (0.204-1.916) 0.605 (0.197-1.854)
T2 1.981 (1.126-3.486) 1.981 (1.126-3.486) 0.512 (0.161-1.629) 0.498 (0.158-1.572)
T3 1.485 (0.732-3.014) 1.485 (0.732-3.014) 0.420 (0.117-1.505) 0.397 (0.111-1.426)
T4 3.324 (1.557-7.096) 3.324 (1.557-7.096) 1.537 (0.392-6.027) 1.320 (0.334-5.221)
Pathological N stage 0.0108 0.0140 <0.0001 <0.0001
NO 1 (reference) 1 (reference) 1 (reference) 1 (reference)
N1 2.592 (0.865-7.767) 2.550 (0.841-7.734) 1.818 (0.619-5.344) 1.400 (1.047-1.872)
N2 3.603 (0.923-14.063) 3.726 (0.947-14.660) 4.966 (1.444-17.085) 1.685 (1.192-2.381)
N3 5.998 (1.535-23.435) 6.016 (1.527-23.694) 9.131 (2.615-31.877) 2.384 (1.717-3.311)
Pathological TNM 0.0030 0.0170 0.0110 0.0005
stage
Tis/TO 1 (reference) 1 (reference) 1 (reference) 1 (reference)
| 1.998 (0.584-6.839) 1.322 (0.658-2.655) 2.671(0.738-9.663) 2.849 (0.786-10.320)
Il 2.282 (0.634-8.210) 1.558 (0.778-3.121) 3.727 (0.969-14.331) 3.963 (1.044-15.046)
Il 2.025 (0.420-9.760) 0.631 (0.261-1.526) 1.258 (0.274-5.771) 1.215 (0.265-5.575)
Total lymph nodes 0.8118 0.6789
<21 1 (reference) 1 (reference)
>21 0.935 (0.536-1.629) 0.882 (0.487-1.598)
Positive lymph 0.3806 0.6448
nodes
<1 1 (reference) 1 (reference)
>1 0.564 (0.157-2.028) 0.742 (0.209-2.638)
Total axillary lymph 0.2165 0.3777
nodes
<20 1 (reference) 1 (reference)
>20 0.704 (0.404-1.228) 0.767 (0.425-1.383)
(Continued)
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TABLE 3 | Continued

Univariate analysis DFS Multivariate analysis Univariate analysis OS  Multivariate analysis

Parameters Hazard ratio (95% P-value Hazard ratio (95% P-value Hazard ratio (95% P-value Hazard ratio (95% P-value
Cl) Cl) Cl) Cl)
Positive axillary 0.6622 0.6196
lymph nodes
<1 1 (reference) 1 (reference)
>1 0.822 (0.342-1.978) 0.788 (0.307-2.020)
Molecular subtype 0.0520 0.0581
Luminal A 1 (reference) 1 (reference)
Luminal BHER2+  0.264 (0.097-0.720) 0.226 (0.080-0.638)
Luminal B HER2- 0.630 (0.366-1.082) 0.514 (0.296-0.893)
HER2 enriched 0.187 (0.063-0.558) 0.247 (0.081-0.753)
Triple negative 0.581 (0.286-1.177) 0.547 (0.266-1.124)
ER status 0.2301 0.9455
Negative 1 (reference) 1 (reference)
Positive 0.735 (0.444-1.215) 1.018 (0.616-1.680)
PR status 0.2885 0.2090
Negative 1 (reference) 1 (reference)
Positive 1.237 (0.835-1.833) 1.269 (0.875-1.839)
HER2 status 0.1047 0.1166
Negative (0—-++) 1 (reference) 1 (reference)
Positive (+ + +) 2.109 (0.856-5.196) 2.041 (0.837-4.975)
Ki-67 status 0.0020 0.0370 0.0041 0.0380
Negative (<14%) 1 (reference) 1 (reference) 1 (reference) 1 (reference)
Positive (>14%) 1.731 (1.223-2.450) 1.332 (1.018-1.742) 1.664 (1.175-2.357) 1.329 (1.016-1.738)
AR status 0.4306 0.9714
Negative 1 (reference) 1 (reference)
Positive 0.835 (0.534-1.307) 0.991 (0.607-1.618)
CK5/6 status 0.0170 0.0007 0.0238 0.0002
Negative 1 (reference) 1 (reference) 1 (reference) 1 (reference)
Positive 1.725 (1.103-2.699) 1.756 (1.271-2.428) 1.713 (1.074-2.732) 1.870 (1.349-2.593)
E-cad status 0.1380 <0.0001 <0.0001
Negative 1 (reference) 1 (reference) 1 (reference)
Positive 1.297 (0.920-1.830) 2.566 (1.765-3.728) 2.667 (2.002-3.553)
EGFR status 0.2977 0.9685
Negative 1 (reference) 1 (reference)
Positive 0.805 (0.535-1.211) 1.009 (0.655-1.554)
P53 status 0.0840 0.0729
Negative 1 (reference) 1 (reference)
Positive 0.783 (0.593-1.033) 0.774 (0.585-1.024)
TOP2A status 0.4136 0.3998
Negative 1 (reference) 1 (reference)
Positive 1.159 (0.814-1.651) 1.173 (0.809-1.700)
Lymph vessel 0.0329 0.0002 0.0321 0.0011
invasion
Negative 1 (reference) 1 (reference) 1 (reference) 1 (reference)
Positive 1.423 (1.029-1.966) 1.585 (1.245-2.018) 1.429 (1.031-1.981) 1.5623 (1.182-1.962)
Neural invasion 0.7620 0.5040
Negative 1 (reference) 1 (reference)
Positive 0.937 (0.613-1.432) 1.152 (0.761-1.742)
(Continued)
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TABLE 3 | Continued

Univariate analysis DFS Multivariate analysis Univariate analysis OS  Multivariate analysis

Parameters Hazard ratio (95% P-value Hazard ratio (95% P-value Hazard ratio (95% P-value Hazard ratio (95% P-value
Cl) Cl) Cl) Cl)

Post-operative <0.0001 0.0001 0.0001 0.0006
chemotherapy
No 1 (reference) 1 (reference) 1 (reference) 1 (reference)
Yes 0.458 (0.314-0.670) 0.523 (0.376-0.725) 0.475 (0.324-0.697) 0.575 (0.420-0.789)
Post-operative 0.2115 0.1298
radiotherapy
No 1 (reference) 1 (reference)
Yes 1.236 (0.886-1.723) 1.303 (0.925-1.834)
Post-operative 0.0105 0.0300 0.0210 0.0280
endocrine therapy
No 1 (reference) 1 (reference) 1 (reference) 1 (reference)
Yes 0.631 (0.444-0.898) 0.771 (0.609-0.975) 0.752 (0.590-0.958) 0.764 (0.602-0.971)
Post-operative <0.0001 <0.0001 <0.0001 <0.0001

targeted therapy
No
Yes

1 (reference)
0.507 (0.390-0.658)

1 (reference)
0.457 (0.356-0.587)

1 (reference)
0.590 (0.457-0.763)

1 (reference)
0.556 (0.432-0.716)

multivariate Cox regression analysis, menopause, GLU, Cancer
antigen 125 (CA125), Cancer antigen 153 (CA153), eosinophils,
NRI, histologic type, pathological T/N/TNM stage, Ki-67
status, Cytokeratin 5/6 (CK5/6) status, lymph vessel invasion
(LVI), post-operative chemotherapy, post-operative endocrine
therapy, post-operative targeted therapy were the significant
prognostic factors for DFS. Moreover, GLU, CA153, International
normalized ratio (INR), monocyte, eosinophils, NRI, clinical T
stage, histologic type, pathological T/N/TNM stage, Ki-67 status,
CK5/6 status, E-cadherin (E-cad) status, LVI, post-operative
chemotherapy, post-operative endocrine therapy, post-operative
targeted therapy were the significant prognostic factors for OS
(see Table 3).

DFS and OS by NRI

As seen in Table 3, the NRI was the important prognostic
factors DFS and OS using the cutoff value of 112. The results
performed that high NRI was associated with prolonged DFS
and OS (P = 0.019, HR: 1.521, 95% CI: 1.071-2.161 and P
= 0.004, HR: 1.415, 95% CI: 1.119-1.789; and P = 0.026,
HR: 1.500, 95% CIL: 1.051-2.143 and P < 0.001, HR: 1.547,
95% CI: 1.221-1.959, respectively), on both univariate and
multivariate analyses.

Of all breast cancer patients, patients with low NRI scores had
mean DES and OS time of 40.50 and 63.47 months, while patients
with high NRI scores were 56.39 and 71.50 months, respectively.
Furthermore, the mean DFS and OS survive time of NRI in the
high group were remarkably longer in contrast to for those of NRI
in the low group by the log-rank analysis (x> = 13.9500, P =
0.0002 and x 2 = 4.4660, P = 0.0346, respectively; Figures 1A,B).
In the NACT group, the mean DFS and OS survive time of NRI
in the high group were remarkably longer in contrast to those
of NRI in the low group (x% = 4.9440, P = 0.0262 and x?

= 5.3210, P = 0.0211, respectively; Figures 1C,D). In the non-
NACT group, the mean DFS and OS survive time of NRI in the
high group were remarkably longer in contrast to those of NRI in
the low group (x? = 8.3230, P = 0.0039 and x? = 7.9940, P =
0.0047, respectively; Figures 1E,F).

The Association Between Pathologic Stage

and NRI in Breast Cancer Patients

The results shown that pathologic TNM stage was the significant
predictor via the univariate and multivariate analyses (see
Table 3). In order to further study the efficiency of prediction of
NRI, and the NRI was analyzed by the pathologic TNM stage.
Of all breast cancer patients, the results shown that patients
with high NRI scores had notably longer DFS and OS survive
time than those with low NRI scores in early-stage breast cancer
(included pathologic Tis/T0 and pathologic I stage) (% =9.0510,
P = 0.0026 and x? = 9.2140, P = 0.0024). Similarly, patients
with high NRI scores had remarkably longer DES and OS survive
time than those with low NRI scores in advanced stage breast
cancer (pathologic IT and pathologic III stage) (x> = 6.2500, P
= 0.0124 and x? = 5.8880, P = 0.0152). In the NACT group,
the results also indicated that patients with high NRI scores
had longer DFS and OS survive time than those with low NRI
scores in early-stage breast cancer (x> = 3.0700, P = 0.0798
and x? = 3.9210, P = 0.0477). Meanwhile, patients with high
NRI scores had longer DES and OS survive time than those with
low NRI scores in advanced stage breast cancer (x? = 2.2330,
P = 0.1351 and x? = 2.0160, P = 0.1557). In the non-NACT
group, the results demonstrated that patients with high NRI
scores had remarkably longer DFS and OS survive time than
those with low NRI scores in early-stage breast cancer (x> =
7.3580, P = 0.0067 and x? = 5.1700, P = 0.0230). Furthermore,
patients with high NRI scores had longer DFS and OS than
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FIGURE 1 | DFS and OS of patients with breast cancer. (A) Kaplan-Meier analysis of DFS for the NRI of all breast cancer patients. (B) Kaplan-Meier analysis of OS for
the NRI of all breast cancer patients. (C) Kaplan-Meier analysis of DFS for the NRI of breast cancer patients in NACT group. (D) Kaplan-Meier analysis of OS for the
NRI of breast cancer patients in NACT group. (E) Kaplan-Meier analysis of DFS for the NRI of breast cancer patients in non-NACT group. (F) Kaplan-Meier analysis of
OS for the NRI of breast cancer patients in non-NACT group.

those with low NRI scores in advanced stage breast cancer (x>
= 3.7450, P = 0.0530 and x2> = 3.7570, P = 0.0526). See in
Figure 2.

The Association Between Pathology
Parameters and NRI in Patients With

Breast Cancer

The results performed that statistically significant differences
were found in TOP2A status (x2> = 4.0108, P = 0.0452),
and no statistically significant differences were observed in
the other pathology parameters in all cases (P > 0.05). These
findings were shown in Table4. We also analyzed that the
different molecular subtypes by NRI. Of all enrolled patients,
the mean DFS and OS survive time for patients with high NRI
by the log-rank test were longer than in those with low NRI
in Luminal A subtype (x% = 0.0496, P = 0.8238 and x? =
0.1107, P = 0.7394), Luminal B HER2-positive subtype (x? =
0.4465, P = 0.5040 and x> = 0.2313, P = 0.6305), Luminal
B HER2-negative subtype (x> = 3.4830, P = 0.0620 and x>
= 3.8280, P = 0.0504), HER2-enriched subtype (x? = 6.1510,
P = 0.0131 and x? = 5.6560, P = 0.0174), triple-negative
subtype (x2 = 5.8120, P = 0.0159 and x?> = 6.9300, P =
0.0085; Figure 3A). Moreover, we also analyzed the molecular

subtypes by NRI in the NACT group and the non-NACT group
(Figures 3B,C).

The Association Between LVI and NRI in

Breast Cancer Patients

Through univariate and multivariate analyses, LVI was the
significant predictor (Table 3). The ability of NRI to determine
breast cancer prognosis was further assessed by examining the
relationship between LVI and NRI. Among the patients without
LVI, patients who had high NRI scores had remarkably longer
DFS and OS survive time than those had low NRI scores (x? =
13.6600, P = 0.0002 and x? = 12.1500, P = 0.0005). Among the
patients with LVI, patients who had high NRI scores had longer
DFS and OS survive time than those had low NRI scores (% =
0.8332, P = 0.3613 and x? = 1.4780, P = 0.2241). In the NACT
group, patients who had high NRI scores had notably longer DES
and OS survive time than those had low NRI scores without
LVI (x% = 6.4450, P = 0.0111 and x2 = 6.9200, P = 0.0085).
Furthermore, patients who had high NRI scores had longer DFS
and OS survive time than those had low NRI scores with LVI (2
=0.07560, P = 0.7833 and x2 = 0.1831, P = 0.6687). In the non-
NACT group, patients who had high NRI values had remarkably
longer DFS and OS survive time than those had low NRI values
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FIGURE 2 | DFS and OS for the NRI of breast cancer patients in different pathologic stages. (A) Kaplan-Meier analysis of DFS for the NRI scores of early-stage breast
cancer (Tis/TO+I stage) patients in all enrolled breast cancer patients. (B) Kaplan-Meier analysis of OS for the NRI values of early-stage breast cancer (Tis/TO+I stage)
patients in all enrolled breast cancer patients. (C) Kaplan-Meier analysis of DFS for the NRI values of advanced stage breast cancer (/41| stage) patients in all enrolled
breast cancer patients. (D) Kaplan-Meier analysis of OS for the NRI levels of advanced stage breast cancer (Il + Il stage) patients in all enrolled breast cancer patients.
(E) Kaplan-Meier analysis of DFS for the NRI values of early-stage breast cancer (Tis/TO + | stage) patients in NACT group. (F) Kaplan-Meier analysis of OS for the NRI
scores of early-stage breast cancer (Tis/TO + | stage) patients in NACT group. (G) Kaplan-Meier analysis of DFS for the NRI values of advanced stage breast cancer (Il
+ Il stage) patients in NACT group. (H) Kaplan-Meier analysis of OS for the NRI values of advanced stage breast cancer (Il + Il stage) patients in NACT group. (l)
Kaplan-Meier analysis of DFS for the NRI scores of early-stage breast cancer (Tis/TO + | stage) patients in non-NACT group. (J) Kaplan-Meier analysis of OS for the
NRI scores of early-stage breast cancer (Tis/TO + | stage) patients in non-NACT group. (K) Kaplan-Meier analysis of DFS for the NRI values of advanced stage breast
cancer (Il + Il stage) patients in non-NACT group. (L) Kaplan-Meier analysis of OS for the NRI of advanced stage breast cancer (Il + Ill stage) patients in non-NACT

group.

without LVI (x? = 6.4910, P = 0.0108 and x? = 5.8110, P =
0.0159). At the same time, patients who had high NRI values had
longer DFS and OS survive time than those had low NRI values
with LVI (2 = 1.3370, P = 0.2476 and x 2 = 2.5280, P = 0.1118;
Figure 4).

The Association Between NRI and
Response in Breast Cancer Patients
Received NACT

In the NACT group, all enrolled received neoadjuvant
chemotherapy, and the effect of chemotherapy was evaluated
after two chemotherapy cycles. After surgery, the degree of
pathological remission was evaluated by MPG. So, we analyzed

the MPG by NRI, and the results indicated that there was no
difference in MPG grade 1 (x% = 0.5520, P = 0.4575 and x? =
0.0136, P = 0.9071), MPG grade 3 (x> = 0.4711, P = 0.4925
and x2 = 0.1296, P = 0.7189), MPG grade 4 (x> = 0.6459, P
= 0.4216 and x2 = 1.9650, P = 0.1610), MPG grade 5 (x> =
1.6620, P = 0.1973 and x? = 1.7820, P = 0.1819), except in MPG
grade 2 (x% = 10.9100, P = 0.0010 and x? = 9.5030, P = 0.0021;
Figure 5). Furthermore, we analyzed the relationship between
response and NRI, and the results indicated that there was no
difference in CR (x2 = 0.0000, P>0.9999 and x> = 0.0000,
P>0.9999), PR (x2 = 0.7815, P = 0.3767 and x> = 0.6523, P
= 0.4193), SD (x2 = 2.5450, P = 0.1107 and x% = 3.1730, P =
0.0749), except in PD (2 = 3.8460, P = 0.0499 and y? = 2.7400,
P =0.0979; Figure 6).
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FIGURE 3 | DFS and OS for the NRI of breast cancer patients in different molecular subtypes. (A) DFS and OS for the NRI of breast cancer patients in different
molecular subtypes in all patients; (B) DFS and OS for the NRI of breast cancer patients in different molecular subtypes in NACT group; (C) DFS and OS for the NRI of
breast cancer patients in different molecular subtypes in non-NACT group.
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TABLE 4 | The association between molecular subtype and NRI in patients with breast cancer.

Parameters NRI 785 NRI 477 NRI 308

Cases (n) Low NRI 291 High NRI 494 Low NRI 174 High NRI 303 x2 P-value Low NRI 117 High NRI 191 x2 P-value
Core needle

biopsy (N = 477)

Molecular subtype 4.0360 0.4012

Luminal A 12 (6.90%) 13 (4.29%)

Luminal B HER2+ 23 (13.22%) 44 (14.52%)

Luminal B HER2- 62 (35.63%) 124 (40.92%)

HER2 enriched 39 (22.41%) 52 (17.16%)

Triple negative 38 (21.84%) 70 (23.10%)

ER status 0.2041 0.6515

Negative 72 (41.38%) 119 (39.27%)

Positive 102 (58.62%) 184 (60.73%)

PR status 0.0337 0.8544

Negative 68 (39.08%) 121 (39.93%)

Positive 106 (60.92%) 182 (60.07%)

HER2 status 0.6994 0.4030

Negative (0—++) 110 (63.22%) 203 (67.00%)

Positive (+ + +) 64 (36.78%) 100 (33.00%)

Ki-67 status 0.3469 0.5559

Negative (<14%) 33 (18.97%) 51 (16.83%)

Positive (>14%) 141 (81.03%) 252 (83.17%)

Postoperative

pathology (IHC)

Molecular subtype 5.1830 0.2690 2.9020 0.5743
Luminal A 26 (8.93%) 36 (7.29%) 17 (9.77%) 24 (7.92%) 9 (7.69%) 12 (6.28%)

Luminal B HER2+ 41 (14.09%) 57 (11.54%) 24 (13.79%) 37 (12.21%) 17 (14.53%) 20 (10.47%)

Luminal B HER2- 111 (38.14%) 214 (43.32%) 50 (28.74%) 116 (38.28%) 61 (52.14%) 98 (51.31%)

HER2 enriched 50 (17.18%) 79 (15.99%) 41 (23.56%) 55 (18.15%) 9 (7.69%) 24 (12.57%)

Triple negative 63 (21.65%) 108 (21.86%) 42 (24.14%) 71 (23.43%) 21 (17.95%) 37 (19.37%)

ER status 0.8871 0.3463 3.3940 0.0654
Negative 107 (36.77%) 189 (38.26%) 76 (43.68%) 119 (39.27%) 31 (26.50%) 70 (36.65%)

Positive 184 (63.23%) 305 (61.74%) 98 (56.32%) 184 (60.73%) 86 (73.50%) 121 (63.35%)

PR status 0.0058 0.9395 2.1254 0.1449
Negative 111 (38.14%) 204 (41.30%) 77 (44.25%) 133 (43.89%) 34 (29.06%) 71 (37.17%)

Positive 180 (61.86%) 290 (58.70%) 97 (65.75%) 170 (56.11%) 83 (70.94%) 120 (62.83%)
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TABLE 4 | Continued

Parameters NRI 785 NRI 477 NRI 308

Cases (n) Low NRI 291 High NRI 494 X2 P-value Low NRI 174 High NRI 303 X2 P-value Low NRI 117 High NRI 191 X2 P-value
HER2 status 0.7958 0.3724 1.3451 0.2461 0.0172 0.8956
Negative (0—++) 201 (69.07%) 356 (72.06%) 111 (63.79%) 209 (68.98%) 90 (76.92%) 147 (76.96%)

Positive (+ + +) 90 (30.93%) 138 (27.94%) 63 (36.21%) 94 (31.02%) 27 (23.08%) 44 (23.04%)

Ki-67 status 3.7906 0.0515 2.7846 0.0952 1.2634 0.2610
Negative (<14%) 93 (31.96%) 126 (25.51%) 64 (36.78%) 89 (29.37%) 29 (24.79%) 37 (19.37%)

Positive (>14%) 198 (68.04%) 368 (74.49%) 110 (63.22%) 214 (70.63%) 88 (75.21%) 154 (80.63%)

AR status 2.1484 0.1427 1.7504 0.1858 0.2902 0.5901

Negative 254 (87.29%) 412 (83.40%) 138 (79.31%) 224 (73.93%) 116 (99.15%) 188 (98.43%)

Positive 37 (12.71%) 82 (16.60%) 36 (20.69%) 79 (26.07%) 1(0.85%) 3(1.57%)

CK5/6 status 0.2902 0.5901 0.0007 0.9786 0.9001 0.3428
Negative 256 (87.97%) 428 (86.64%) 148 (85.06%) 258 (85.15%) 108 (92.31%) 170 (89.01%)

Positive 35 (12.03%) 66 (13.36%) 26 (14.94%) 45 (14.85%) 9 (7.69%) 21 (10.99%)

E-cad status 0.0005 0.9831 0.1598 0.6894 0.1258 0.7228
Negative 131 (45.02%) 222 (44.94%) 60 (34.48%) 110 (36.30%) 71 (60.68%) 112 (58.64%)

Positive 160 (54.98%) 272 (55.06%) 114 (65.52%) 193 (63.70%) 46 (39.32%) 79 (41.36%)

EGFR status 2.1847 0.1394 0.9965 0.3182 1.1764 0.2781

Negative 227 (78.01%) 362 (73.28%) 127 (72.99%) 208 (68.65%) 100 (85.47%) 154 (80.63%)

Positive 64 (21.99%) 132 (26.72%) 47 (27.01%) 95 (31.35%) 17 (14.53%) 37 (19.37%)

P53 status 0.2789 0.5974 0.0668 0.7960 0.2816 0.5957
Negative 150 (51.55%) 245 (49.60%) 90 (51.72%) 153 (50.50%) 60 (51.28%) 92 (48.17%)

Positive 141 (48.45%) 249 (50.40%) 84 (48.28%) 150 (49.50%) 57 (48.72%) 99 (51.83%)

TOP2A status 4.0108 0.0452 0.0014 0.9699 9.6194 0.0019
Negative 124 (42.61%) 175 (35.43%) 60 (34.48%) 105 (34.65%) 64 (54.70%) 70 (36.65%)

Positive 167 (567.39%) 319 (64.57%) 114 (65.52%) 198 (65.35%) 53 (45.30%) 121 (63.35%)

Lymph vessel 0.3940 0.5302 0.1226 0.7263 0.4555 0.4998
invasion

Negative 2083 (69.76%) 355 (71.86%) 115 (66.09%) 205 (67.66%) 88 (75.21%) 150 (78.53%)

Positive 88 (30.24%) 139 (28.14%) 59 (33.91%) 98 (32.34%) 29 (24.79%) 41 (21.47%)

Neural invasion 1.2591 0.2618 0.2483 0.6183 2.7576 0.0968
Negative 243 (83.51%) 427 (86.44%) 138 (79.31%) 246 (81.19%) 105 (89.74%) 181 (94.76%)

Positive 48 (16.49%) 67 (13.56%) 36 (20.69%) 57 (18.81%) 12 (10.26%) 10 (5.24%)
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FIGURE 4 | (A) Kaplan-Meier analysis of DFS of patients without LVI by NRI in all breast cancer patients, (B) Kaplan-Meier analysis of OS of patients without LVI by
NRI in all breast cancer patients, (C) Kaplan-Meier analysis of DFS of patients with LVI by NRI in all breast cancer patients, (D) Kaplan-Meier analysis of OS of patients
LVI by NRI in all breast cancer patients; (E) Kaplan-Meier analysis of DFS of patients without LVI by NRI'in NACT group, (F) Kaplan-Meier analysis of OS of patients
without LVI by NRI'in NACT group, (G) Kaplan-Meier analysis of DFS of patients with LVI by NRI'in NACT group, (H) Kaplan-Meier analysis of OS of patients with LVI
by NRI'in NACT group; (I) Kaplan-Meier analysis of DFS of patients without LVI by NRI in non-NACT group, (J) Kaplan-Meier analysis of OS of patients without LVI by
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The Relationship Between NRI and Toxicity

and Adverse Effects

In the NACT group, the common toxicities after NACT were
hematologic and gastrointestinal reactions. The results shown
that the nausea (2 = 9.2413, P = 0.0024), mouth ulcers (x?2
= 4.8133, P = 0.0282), anemia (X2 = 8.5441, P = 0.0140), and
leukopenia ( %2 =11.0951, P = 0.0039) were statistically different
between the two groups (see Table 5).

DISCUSSION

Breast cancer is a major public health threat globally (29). In
women around the world, breast cancer is a very common
female malignant tumor and the leading cause of cancer-related
deaths (2). Although promising treatment options are emerging,

recurrence and metastasis are still the driving causes for breast
cancer fatality (30). Evidence shows that approximately 30%-40%
of patients who suffer from invasive breast cancer will eventually
progress to metastatic breast cancer, whose 5-year survival rate
could be poorer than 30% (31, 32). Additionally, research also
suggests that probabilities of recurrence and progression could
occur in some breast cancer patients even after radical resection
and neoadjuvant/adjuvant therapy (33). Therefore, to address
these issues, there is an urgent need to develop assessment
strategies based on non-invasive, reproducible, and convenient
biomarkers to estimate the curative effects and the prognosis of
breast cancer, as well as to better pair treatment options with
patient characteristics (e.g., ascertain those breast cancer patients
who get a profit from neoadjuvant chemotherapy).

Prior studies have identified a limited number of screening
tools to evaluate nutritional risks that have the potential to
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FIGURE 5 | DFS and OS for the NRI of breast cancer patients in Miller and Payne grade (MPG) in NACT group. (A) Kaplan-Meier analysis of DFS of patients with
MPG 1, (B) Kaplan-Meier analysis of OS of patients with MPG 1, (C) Kaplan-Meier analysis of DFS of patients with MPG 2, (D) Kaplan-Meier analysis of OS of patients
with MPG 2, (E) Kaplan-Meier analysis of DFS of patients with MPG 3, (F) Kaplan-Meier analysis of OS of patients with MPG 3, (G) Kaplan-Meier analysis of DFS of
patients with MPG 4, (H) Kaplan-Meier analysis of OS of patients with MPG 4, (I) Kaplan-Meier analysis of DFS of patients with MPG 5, (J) Kaplan-Meier analysis of
OS of patients with MPG 5.
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FIGURE 6 | DFS and OS for the NRI of breast cancer patients in response in NACT group. (A) Kaplan-Meier analysis of DFS of patients with response CR, (B)
Kaplan-Meier analysis of OS of patients with response CR, (C) Kaplan-Meier analysis of DFS of patients with response PR, (D) Kaplan-Meier analysis of OS of patients
with response PR, (E) Kaplan-Meier analysis of DFS of patients with response SD, (F) Kaplan-Meier analysis of OS of patients with response SD, (G) Kaplan-Meier
analysis of DFS of patients with response PD, (H) Kaplan-Meier analysis of OS of patients with response PD.

predict prognosis in cancer patients, ranging from Subjective  albumin, total lymphocyte count, and indicators such as patients’
Global Assessment (SGA), Nutritional Risk Screening 2002 (NRS  cholesterol levels (34-38). Among them, BMI and serum albumin
2002), Mini Nutritional Assessment-Screening Form (MNA-SF),  level are usually used as makers of patients’ nutritional status
and Malnutrition Universal Screening Tool (MUST), as well  in routine clinical practice (39), largely due to their abilities
as several nutritional status markers such as the neutrophil-  to predict cancer patients’ survival rates, as indicated in recent
to-lymphocyte ratio, prognostic nutritional index, BMI, serum  studies (40-42). While these tools play an important role in
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TABLE 5 | The correlation between NRI and toxicity assessment.

nutritional assessment, the fact that they rely on subjective
assessments that could be easily varied and swayed by individual

Parameters NRI 477 . . . .

examiners makes these screening mechanisms incomparable
Cases (n) Low NRI 174 High NRI 303 X2 P-value  and unsatisfactory. Additionally, some non-nutritional factors

such as inflammation, fluid status, renal dysfunction, and
Decreased appetite 22133 01368 hepatic congestion also exert diverse effects on indicators like
No 20 (11.49%) 50 (16.50%) serum albumin and BMI (43, 44), effectively exposing these
Yes 164 (88.51%) 253 (83.50%) tools to additional noises. Thus, it is neither sufficient nor
Nausea 9.2413 00024  precise to evaluate patients’ nutritional risk with regard to their
No 11(6.32%)  48(15.84%) cancer prognosis and treatment efficacy only by their BMI or
Yes 163 (93.68%) 255 (84.16%) albumin status.
Vomiting 25293  0.1118 Fortunately, NRI values measured by a combination of factors
No 77 (44.25%) 157 (51.82%) such as ideal body weight, serum albumin, and present body
Yes 97 (55.75%) 146 (48.18%) weight may overcome the shortcomings of individual indicators.
Diarrhea 05410 0.4620 Fn other wor.ds,. creating patiénts’ NRI score as a c.ombined
No 160 (91.95%) 284 (93.73%) index ofbthel.r 11dea} l;odthelght, Prle:sent body weﬁofht,ffand
Yes 14 (8.05%) 19 (6.27%) serum. albumin eve.s as the Po.tentlha to mlp%mlze t‘ e effects

of fluid status, and in turn, distinguish nutritional risk better
Mouth ulcers 4.8133  0.0282 e g . . . .

N 165 (04.83%) 208 (95.35%) than individual indexes. As demonstrated in previous studies,
[0] . . . .
y ; ° R b one of the indexes under the NRI umbrella that could appraise
e . 9 (617%) 5(1.65%) forecasting risk of malnutrition-related incidence rate and
Alopecia 0.0350 08516 mortality in advanced-age patients was the Geriatric Nutritional
No 80 (45.98%) 142 (46.86%) Risk Index (GNRI) (45). GNRI has been associated with poor
Yes 94 (64.02%) 161 (53.14%) treatment outcomes in many diseases, including cancer (46-
Peripheral neurotoxicity 0.1828  0.6690  50). Moreover, previous research also illustrated that in patients
No 144 (82.76%) 246 (81.19%) with new metastatic gastric adenocarcinoma and esophageal
Yes 30(17.24%) 57 (18.81%) adenocarcinoma, pretreatment NRI and change of NRI in that

Anemia 8.5441 00140  were significant prognostic factors for OS.
Grade O 79 (45.40%) 178 (58.75%) Emerging evidence further suggests that evaluate NRI at
Grade 1-2 92 (52.87%) 123 (40.59%) baseline and during treatment can not only indicate patients’
Grade 3-4 3(1.72%) 2 (0.66%) nutrition status but also provide useful prognostic information
Leukopenia 110051 00039  (51). Nevertheless, while meaningful insights are procurable,
Grade O 35(2011%) 103 (33.99%) little is known about thc? association between. NRI, progngsis,
Grade 1-2 92 (52.87%) 141 (46.53%) a}l:d treatm}fnt eﬂiljacy 1r11 breasthcanl.ce.r I;aUe(riltz To bruilge
Grade 3.4 47 ET01%) 59 (19.47%) t e research gap, by analyzing the clinical and demographic
, attributes of 785 participants, our study demonstrated the
Neutropenia 5.3754 0.0680 .. L. . . .
clinical significance of using NRI to assess nutritional risk
Grade 0 41 (23.56%) 102 (33.66%) . . T
} w108 35.64% assessment in breast cancer patients. Our results indicated that
Grade 1-2 71140.80%) o high levels of NRI were significantly associated with more
- 9 9 . . . P . P
Grade 3-4 62(3563%) 93 (30.69%) indicative clinicopathologic characteristics (age, menopause, US-
Thrombocytopenia 88748 01441 |NM, total lymph nodes, and total axillary lymph nodes),
Grade 0 128 (73.56%) 244 (80.53%) nutritional parameters, and blood parameters (weight, BMI, ALT,
Grade 1-2 44 (25.29%) 54 (17.82%) AST, LDH, GGT, ALP, GLU, IgG, W, ALB, Hb, R, N, E, and P) of
Grade 3-4 2(1.15%) 5 (1.65%) all breast cancer patients.
Gastrointestinal reaction 42926 0.1169 Through the univariate and multivariate Cox regression
Grade 0 8 (4.60%) 30 (9.90%) survival analyses, the preoperative NRI was an independent
Grade 1-2 164 (94.25%) 269 (88.78%) predictor of DFS and OS survive time. And the average DFS and
Grade 3-4 2 (1.15%) 4 (1.32%) OS survive time for patients who had high NRI scores were longer
Myelosuppression 20843 03191 than for those who had low NRI scores by the log-rank analysis in
Grade 0 07 (15.52%) 63 (20.79%) the NACT group and the non-NACT group. Similar conclusions
Grade 1-2 64(3678%) 111 (36.63%) have been_ reacbed in many pub}ished studies foFusing on
Grade 3.4 83(47.70%) 129 (42.57%) ;)the; n;ahgna}llqc1esl(52, 53). For dlnst.allzc;, ﬁl4.3. patients with
Hepatic dysfunction 28849  0.0364 ocalize e.tsop agea. cancer treaté with definitive concurre:nt
chemoradiotherapy in a retrospective study conducted by Clavier
Grade O 129 (74.14%) 242 (79.87%) . . . ST
and associates, multivariable analyses indicated that the NRI
Grade 1-2 45(25.86%) 60 (19.80%) } ) s .
was an independent predictor for patients’ overall survival (52).
Grade 3-4 0 (0.00%) 1 (0.33%) ) )
Moreover, Cox and colleagues retrospectively analyzed patients
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with esophageal cancer included chemoradiotherapy with or
without cetuximab in the SCOPEL clinical trial, reporting that
NRI<100 in a baseline was significantly related to decreased
overall survival in cancer patients (53).

Previous studies suggest that patients NRI values were
prognostic in a range of localized as well as metastatic tumors
like esophageal cancer (54, 55). However, there is a dearth of
research on the effects of NRI on prognosis and treatment efficacy
in breast cancer patients. To bridge the research gap, we analyzed
the relationship between pathologic stage and NRI in patients
with breast cancer, and observed that patients who had high NRI
scores had longer DFS and OS survive time than those who had
low NRI values in both patients with early-stage breast cancer
and advanced stage breast cancer. Furthermore, patients who had
high NRI levels had longer DES and OS survive time in contrast
to those who had low NRI scores in molecular subtypes of breast
cancer. Moreover, the results also performed the mean DFS and
OS survive time in breast cancer patients who had high NRI
scores were longer than in those patients who had low NRI scores
with LVI status. Furthermore, we also analyzed the relationship
between NRI and MPG/Response, and the results also shown that
patients who had high NRI scores had longer DFS and OS survive
time than those who had low NRI scores in different MPG grades,
especially in MPG grade 2; and patients who had high NRI values
had longer DFS and OS survive time in contrast to those who had
low NRI scores in different responses.

All breast cancer patients could tolerate the neoadjuvant
chemotherapy toxicities and adverse effects. The hematologic
and gastrointestinal reactions were the common toxicities and
adverse effects, and the results shown that there was no difference
using the optimal NRI cutoff value of 112 in toxicity assessment,
except in nausea, mouth ulcers, anemia, leukopenia, which
should get doctors’ as well as patients’ attention. Using NRI as a
prognostic marker and monitoring response to treatment make
it possible to start timely interventions to reduce the risk of
these complications.

As far as we know, this study is the first to illustrate the
clinical and prognostic significance of NRI in a large cohort of
breast cancer patients. Additionally, we also demonstrate that
the change of NRI during treatment is a predictor for DFS and
OS in different molecular subtypes and different lymph vessel
invasion levels, as well as the relationship between NRI status and
neoadjuvant chemotherapy toxicities.

However, the presented study is not without limitations.
Firstly, our study evaluated the research topic from a
retrospective perspective and was underway in a single-
center with a relatively restricted number of breast cancer
patients. To further enrich the literature, multicenter-based
research that draws insights from large study populations
should be encouraged. Secondly, as common in studies that
adopt similar research methods (e.g., utilize eligibility criteria
to screen patients), selection bias in our study could be difficult
to eliminate. Thirdly, as NRI is a non-specific tumor marker,
additional validation of the association between NRI, cancer
prognosis, and treatment efficacy in large prospective studies
should be conducted in the future.

CONCLUSION

NRI is described as the significant predictor for breast cancer
patients, and may forecast the survival and prognosis for breast
cancer. The minimally invasive, easily accessible and convenient
indicators should be help doctors in terms of selecting measures,
evaluating the curative effect, and estimating the prognosis of
breast cancer.
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Zonglin Wu', Ruiji Liu?, Jiang Geng**, Shuqiu Chen?* and Ming Chen?*
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Background: We conducted a multi-institutional clinical study to assess the prognostic
value of the advanced lung cancer inflammatory index (ALI) and modified ALl (mALI) in
patients with renal cell carcinoma (RCC).

Methods: \We collected 440 patients who underwent laparoscopic nephrectomy at three
centers from 2014 to 2019. ALI was defined as body mass index (BMI) x serum albumin
(ALB)/neutrophil-to-lymphocyte ratio (NLR) and mALI as L3 muscle index x ALB/NLR.
Kaplan-Meier curves, receiver operating characteristic (ROC) curves and Cox survival
analysis were used to assess the effect of ALI and mALI on overall survival (OS). In
addition, we performed 1:1 propensity score matching (PSM) for the high mALI and low
mALI groups to further explore the impact of mALI on survival in RCC patients.

Results: The optimal cut-off values for ALI and mALI were 40.6 and 83.0, respectively.
Based on the cut-off values, we divided the patients into high ALI and low ALl groups,
high mALI and low mALI groups. ALI and mALI were significantly associated with the
AJCC stage, Fuhrman grade, T stage, and M stage. Low ALl (o = 0.002) or low mALI
(p < 0.001) was associated with poorer prognosis. ROC curves showed that mALI was
a better predictor of OS than ALI. Multivariate Cox regression analysis showed that low
mALI (@HR = 2.22; 95% CI 1.19-4.13, p = 0.012) was an independent risk factor for OS
in RCC patients who underwent nephrectomy, while ALI (aHR = 1.40; 95% CI 0.73-2.66,
p = 0.309) was not significantly associated. Furthermore, after PSM analysis, we found
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that mALI remained an independent risk factor for OS (aHR = 2.88; 95% Cl 1.33-6.26,
p = 0.007) in patients with RCC.

Conclusions: For RCC patients undergoing laparoscopic nephrectomy, low ALl and
low mALI were associated with poor prognosis, and preoperative mALI can be used as
a potential independent prognostic indicator for RCC patients.

Keywords: renal cell carcinoma, advanced lung cancer inflammatory index, modified advanced lung cancer
inflammatory index, overall survival, biomarker

INTRODUCTION

Renal cancer, also known as renal cell carcinoma (RCC), is a
malignant tumor originating from the urinary tubular epithelium
of the renal parenchyma, and its incidence accounts for 2.2%
of adult malignancies worldwide (1). Approximately 25-30%
of RCC patients have developed locally advanced or metastatic
lesions at the time of initial diagnosis (2, 3). For patients with
locally advanced and metastatic renal cancer, although targeted
drug therapy has achieved certain efficacy and more clinical
trials of drugs are ongoing, the overall prognosis is still poor
(4, 5). The preferred treatment for early stage non-metastatic
RCC remains radical nephrectomy or partial nephrectomy. Early
recurrence or metastasis is still found in 20-30% of patients
treated with surgery at follow-up (6). Therefore, the search for
better prognostic predictors can be of great help in developing
individualized follow-up and treatment plans.

A growing number of studies have confirmed the importance
of systemic inflammatory response, local immune response and
nutritional status in the progression of malignancy and patient
prognosis (7-9). Several blood indicators, including neutrophil-
to-lymphocyte ratio (NLR), platelet-to-lymphocyte ratio (PLR)
and lymphocyte-to-monocyte ratio (LMR), have been shown
correlate with the prognosis of patients with RCC (10, 11). In
addition, indicators reflecting nutritional status, such as serum
albumin (ALB), hemoglobin and sarcopenia have been identified
as postoperative prognostic factors in patients with RCC (12, 13).
Jafri et al. (14) developed the advanced lung cancer inflammation
index (ALI) to assess the degree of systemic nutrition and
inflammation in patients with metastatic non-small cell lung
cancer (NSCLC). The ALI combines body mass index (BMI,
kg/mz), serum ALB (g/dL) and NLR and is defined as BMI x
ALB/NLR. In addition, Kim et al. (15) replaced BMI with L3
muscle index (cm?/m?) to construct a modified ALI (mALI)
score and found that low mALI was an independent prognostic
risk factor for shorter overall survival (OS).

In this study, we aimed to assess the prognostic value of
ALI and mALI on OS in patients undergoing laparoscopic
nephrectomy in a multicenter clinical study.

Abbreviations: RCC, renal cell carcinoma; NLR, neutrophil-to-lymphocyte ratio;
PLR, platelet-to-lymphocyte ratio; LMR, lymphocyte-to-monocyte ratio; ALB,
albumin; ALI, advanced lung cancer inflammatory index; mALI, modified
advanced lung cancer inflammatory index; BMI, body mass index; OS, overall
survival; ROC, receiver operating characteristic; AUC, area under the curve; aHR,
adjusted hazard ratio; CI, confidence interval; PSM, propensity score matching;
SMI, skeletal muscle index.

MATERIALS AND METHODS
Study Design and Patients

In this multi-institutional study, we collected 590 patients with
RCC who underwent partial or radical nephrectomy between
January 2014 and December 2019 at the Department of Urology,
Zhongda Hospital Southeast University, the Department of
Urology, Shanghai Tenth People’s Hospital, and the Department
of Urology, Shidong Hospital. All patients were operated by the
most experienced urologists in that hospital. Exclusion criteria
were as follows: patients combined with other malignancies;
patients received other anticancer treatments before surgery;
patients lacked complete medical records or were lost to
follow-up; patients lacked preoperative laboratory test data. We
excluded 150 patients, resulting in 440 patients included in the
final study. The methodology of this study followed the criteria
in the Declaration of Helsinki (revised in 2013) and received
ethical approval from the Ethics Committee of Zhongda Hospital
Southeast University (ZDKYSB077) and Ethics Committee of
Shanghai Tenth People’s Hospital of Tongji University (SHSY-
IEC-BG/02.04/04.0-81602469).

Clinical Data Collection and Follow-Up
Clinicopathological features, laboratory test data, and imaging
results for all patients were available from the electronic
medical record. Laboratory test data were measured 2 days
prior to surgery or closest to the time of surgery, and
laboratory data included serum ALB (g/dL), neutrophils, and
lymphocytes. The L3 muscle index (cm?/m?) in the imaging
results was determined based on our previous study (13). In
addition, we included gender, age, BMI [weight (kg)/height?
(m?)], cardiovascular disease, diabetes, hypertension, smoking,
type of surgery, laterality, AJCC stage, T stage, N stage,
M stage, and Fuhrman grade. OS was calculated from the
date of surgical treatment to the date of last follow-up
or death.

Statistical Analysis

Categorical variables were expressed as numbers and percentages
and analyzed with chi-square tests. As previously described, ALI
= BMI x ALB/NLR, and mALI = L3 muscle index x ALB/NLR.
Optimal cut-off values for ALI and mALI were determined
using X-tile software (version 3.6.1). Kaplan-Meier curves were
used to assess the effect of ALI and mALI on OS. Receiver
operating characteristic (ROC) curves were used to compare
the effect of ALI and mALI’s predictive ability on OS and was
calculated using the area under the curve (AUC). Univariate and
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multivariate Cox regression were used to assess the relationship
between ALL mALI and OS, and the associated adjusted hazard
ratio (aHR) and 95% confidence interval (CI) were calculated.
In multivariate Cox regression analysis, three models were
constructed to further assess the relationship between ALI, mALI
and OS. Base model: adjusted for age, gender, BMI, hypertension,
cardiovascular diseases, diabetes and smoking; core model: base
model variables plus surgery type and laterality; extended model:
core model variables plus AJCC stage, T stage, N stage, M stage
and Fuhrman grade.

Based on the optimal cut-off value of mALI determined
by the X-tile software, we divided the patients into a high
mALI group (n = 216) and a low mALI group (n = 214).
Considering the differences in some variables between the two
groups, we used the “Matching” package in R software to
perform 1:1 propensity score matching (PSM) for the high
mALI and low mALI groups, adjusting for gender, age, BMI,
cardiovascular disease, diabetes, hypertension, smoking, surgery
type, laterality, AJCC stage, T stage, N stage, M stage, and
Fuhrman grade to further explore the effect of mALI on OS
in patients with RCC. Statistical analyses were performed using
SPSS software (version 26.0), Graphpad Prism (version 8.3.0),
and R software (version 3.6.2). P value < 0.05 was considered
statistically significant.

RESULTS

According to the X-tile software, the optimal cut-off values for
ALI and mALI were 40.6 and 83.0, respectively (Figure 1). Based
on the cut-off values, we divided the patients into high ALI and
low ALI groups, and high mALI and low mALI groups. The
clinicopathological characteristics of all patients were shown in
Table 1. Chi-square testing showed that ALI was associated with
BMI, hypertension, surgery type, AJCC stage, T stage, M stage
and Fuhrman grade, whereas mALI was statistically associated
with BMI, surgery type, AJCC stage, T stage, M stage and
Fuhrman grade. A higher proportion of patients with BMI >
25kg/m?, underwent partial nephrectomy, AJCC I/11 stage, T1/T2
stage, MO stage, and Fuhrman I/II grade were in the high ALI and
high mALI groups compared with the low ALI and low mALI
groups. In addition, we found that higher T stage, M stage, AJCC
stage and Fuhrman grade were associated with lower ALI and
lower mALI (Figure 2).

We performed survival analysis for the high ALI and low
ALI groups, as well as for the high mALI and low mALI
groups. Kaplan-Meier curves showed that low ALI (p =
0.002) and low mALI (p < 0.001) were associated with worse
prognosis (Figure 3). Subsequently, we used ROC curves to
assess the predictive ability of ALI and mALI for OS. We
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inflammation index.
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TABLE 1 | Clinical characteristics of the patients according to ALI and mALI before PSM.

Characteristic All ALI P value mALI P value
patients Low ALI High ALI Low ALI High ALI
N = 440 N =196 N =244 N =224 N =216
Age categorized, y 0.964 0.613
<65 317 (72.0) 141 (71.9) 176 (72.1) 159 (71.0) 158 (73.1)
>65 123 (28.0) 55 (28.1) 68 (27.9) 65 (29.0) 58 (26.9)
Gender 0.994 0.177
Male 294 (66.8) 131 (66.8) 163 (66.8) 143 (63.8) 151 (69.9)
Female 146 (33.2) 65 (33.2) 81(33.2) 81(36.2) 65 (30.1)
BMI categorized, kg/m? <0.001 <0.001
<25 249 (56.6) 138 (70.4) 111 (45.5) 148 (66.1) 101 (46.8)
>25 191 (43.4) 58 (29.6) 133 (54.5) 76 (33.9) 115 (63.2)
Hypertension 0.039 0.137
No 250 (56.8) 122 (62.2) 128 (52.5) 125 (60.3) 115 (53.2)
Yes 190 (43.2) 74 (37.8) 116 (47.5) 89 (39.7) 101 (46.8)
Diabetes 0.567 0.924
No 370 (84.1) 167 (85.2) 203 (83.2) 188 (83.9) 182 (84.3)
Yes 70 (15.9) 29 (14.8) 41 (16.8) 36 (16.1) 34 (15.7)
Cardiovascular diseases 0.933 0.758
No 389 (88.4) 173 (88.3) 216 (88.5) 197 (87.9) 192 (88.9)
Yes 51(11.6) 23 (11.7) 28 (11.5) 27 (12.1) 24 (11.1)
Smoking 0.369 0.467
No 367 (83.4) 160 (81.6) 207 (84.8) 184 (82.1) 183 (84.7)
Yes 73 (16.6) 36 (18.4) 37 (15.2) 40 (17.9) 33 (15.3)
Surgery type <0.001 <0.001
Partial nephrectomy 266 (60.5) 90 (45.9) 176 (72.1) 105 (46.9) 161 (74.5)
Radical nephrectomy 174 (39.5) 106 (54.1) 68 (27.9) 119 (53.1) 55 (25.5)
Laterality 0.405 0.151
Right 217 (49.9) 101 (51.5) 116 (47.5) 118 (62.7) 99 (45.8)
Left 223 (50.7) 95 (48.5) 128 (52.5) 106 (47.3) 117 (54.2)
AJCC stage <0.001 0.003
| 328 (74.5) 128 (65.3) 200 (82.0) 151 (67.4) 177 (81.9)
Il 26 (5.9) 17 (8.7) 9(3.7) 19 (8.5) 7(3.2)
Il 61(13.9) 33 (16.8) 28 (11.5) 36 (16.1) 25 (11.6)
% 25(5.7) 18(9.2) 7 (2.9 18(8.0) 7(3.2)
T-stage <0.001 0.001
T 335 (76.1) 131 (66.8) 204 (83.6) 154 (68.8) 181 (83.8)
T2 30 (6.8) 199.7) 11 (9.4) 21(9.4) 9(4.2)
T3 64 (14.5) 41 (20.9) 23 (9.4) 44 (19.6) 20 (9.3
T4 11 (2.5) 5(2.6) 6 (2.5) 5(2.2) 6 (2.8
N-stage 0.227 0.506
NO 423 (96.1) 186 (94.9) 237 (97.1) 214 (95.5) 209 (96.8)
N1 17 (3.9) 10 (5.1) 7 (2.9 10 (4.5) 7(3.2)
M-stage <0.001 0.003
MO 421 (95.7) 180 (91.8) 241 (98.8) 208 (92.9) 213 (98.6)
M1 19 (4.3) 16 (8.2) 3(1.2) 16 (7.1) 3(1.4)
Fuhrman grade 0.017 0.020
| 74 (16.8) 27 (13.8) 47 (19.9) 28 (12.5) 46 (21.3)
I 274 (62.3) 117 (59.7) 157 (64.3) 141 (62.9) 133 (61.6)
Il 82 (18.6) 44 (22.4) 38 (15.6) 47 (21.0) 35 (16.2)
% 10 (2.9) 8 (4.1) 2(0.8) 8 (3.6) 2(0.9
Urea nitrogen (mean, SD) 6.46, 4.45 6.77,3.43 6.21,5.12 0.190 6.62, 3.31 6.29, 5.38 0.433
Creatinine (mean, SD) 112.28, 88.72 123.55,90.12 103.29, 86.73 0.018 119.82, 85.72 104.50, 91.27 0.071
Uric acid (mean, SD) 277.54,102.81 281.14,106.17 274.69, 100.19 0.517 277.33,107.74 277.76,97.73 0.965

PSM, propensity score matching; ALI, advanced lung cancer inflammation index; mALI, modified advanced lung cancer inflammation index; BMI, body mass index; AJCC, american

Jjoint committee on cancer; SD, standard deviation.
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FIGURE 2 | Relationship between patients’ clinical characteristics and ALI, mALI. (A-E) Levels of AL in different T-stage (A), N-stage (B), M-stage (C), AJCC stage
(D), and Fuhrman grade (E). (F-J) Levels of ALl in different T-stage (F), N-stage (G), M-stage (H), AJCC stage (l), and Fuhrman grade (J). ALI, advanced lung cancer
inflammation index; mALI, modified advanced lung cancer inflammation index.

associated with poorer OS (Table 2). Multivariate Cox regression
analysis showed that mALI was consistently an independent risk
factor for OS, whether in the basic model (low mALI vs. high

found that mALI had a better ability to predict OS than
ALI (Supplementary Figure 1). In addition, univariate Cox
regression analysis showed that low ALI and low mALI were
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FIGURE 3 | Kaplan-Meier curves for OS stratified by ALI and mALI before PSM. (A) ALI OS; (B) mALI OS. OS, overall survival; ALI, advanced lung cancer
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TABLE 2 | Relative risk of overall survival (OS) was calculated according to ALl and mALI 2.

Characteristic Univariate analysis Basic model Core model Extended model
aHR (95% CI) P-value aHR (95% ClI) P-value aHR (95% CI) P-value aHR (95% CI) P-value
BEFORE PSM
ALI
High Reference Reference Reference Reference
Low 2.36 (1.36-4.10) 0.002 2.22 (1.25-3.99) 0.007 1.62 (0.89-2.96) 0.117 1.40 (0.73-2.66) 0.309
mALI
High Reference Reference Reference Reference
Low 3.09 (1.68-5.68) <0.001 3.09 (1.68-5.69) <0.001 2.20 (1.17-4.14) 0.014 2.22 (1.19-4.13) 0.012
AFTER PSM
mALI
High Reference Reference Reference Reference
Low 2.16 (1.04-4.48) 0.039 2.26 (1.09-4.70) 0.029 2.26 (1.08-4.70) 0.030 2.88(1.33-6.26) 0.007

4Adjusted covariates: Basic model: age, gender, BMI, hypertension, diabetes, cardiovascular diseases, and smoking; Core model: basic model plus surgery type and laterality; Extended
model: core model plus AJCC stage, T stage, N stage, M stage, and fuhrman grade. PSM, propensity score matching;, BMI, body mass index; AJCC, american joint committee on
cancer; aHR, adjusted hazard ratio; Cl, confidence interval; mALIl, modified advanced lung cancer inflammation index.

mALL aHR = 3.09; 95% CI 1.68-5.69, p < 0.001), core model
(low mALI vs. high mALIL: aHR = 2.20; 95% CI 1.17-4.14, p
= 0.014) or extended model (low mALI vs. high mALI: aHR =
2.22; 95% CI 1.19-4.13, p = 0.012), while ALI was statistically
significant only in the basic model (Table 2).

Considering the effect of other confounding variables, we
performed a 1:1 PSM analysis for the high mALI and low
mALI groups and adjusted for the 14 variables of gender, age,
BMI, cardiovascular disease, diabetes, hypertension, smoking,
surgery type, laterality, AJCC stage, T stage, N stage, M stage,
and Fuhrman grade (Figure 4). After the PSM analysis, 154
patients were included in the high mALI and low mALI groups,
respectively. Clinicopathological characteristics of 308 patients

after PSM were shown in Supplementary Table 1. We performed
survival analysis in 308 patients and Kaplan-Meier curves still
showed that low mALI (p = 0.034) was associated with a poorer
prognosis (Figure 5). Univariate and multivariate Cox regression
analyses showed that low mALI was associated with a higher
risk and that low mALI was associated with a 188% higher risk
compared to high mALI in the extended model (aHR = 2.88; 95%
CI 1.33-6.26, p = 0.007) (Table 2).

DISCUSSION

Our study is the first study assessing the prognostic value of
ALI and mALI in RCC. In this multi-institutional retrospective
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study, we included clinical data from 440 patients who underwent
nephrectomy and used Kaplan-Meier curves, ROC curves, and
univariate and multivariate Cox regression analyses to explore
the correlation between ALI, mALI, and OS. We found that low
ALI and low mALI were correlated with poor prognosis, mALI
was an independent risk factor for OS, and mALI was a better
predictor of OS in RCC patients than ALL In addition, we further
performed 1:1 PSM on patients in the low mALI and high mALI
groups and found that mALI was still an independent risk factor
for OS.

L3 muscle index is a common indicator of sarcopenia.
Sarcopenia is an age-related syndrome and is considered
an emerging indicator that can reflect nutritional status
(16). Sarcopenia is defined as an age-related syndrome of

reduced skeletal muscle mass, decreased muscle strength and/or
decreased physical performance (17). Currently, sarcopenia can
be assessed by measuring the L3 lumbar skeletal muscle index
(SMI) (18). In recent years, there were increasing evidences
that oncology patients often had comorbid sarcopenia. The
prevalence of sarcopenia ranged from 20 to 70% in different
tumors (19). Studies have shown that as SMI decreases, oncology
patients have a poorer prognosis and an increased risk of
complications (20). Our previous studies found that sarcopenia
was a risk factor for survival time in patients with bladder
cancer and RCC (13, 21). Sarcopenia played an important role
in the treatment prognosis of oncology patients, and nutritional,
exercise and pharmacological interventions for patients with
sarcopenia could reduce the occurrence of post-treatment
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4

complications and improve the prognosis of patients with
oncology (22).

ALB is a product synthesized by the liver and is an
important component of human serum protein, which has an
important role in the transport and synthesis of substances in
the organism. Serum ALB is a common marker used to assess
the nutritional status of patients, and low serum ALB level
indicates that the patient is malnourished (23). In addition to
being an indicator of nutritional status, serum ALB may also
be associated with mechanisms of inflammatory response (24).
Studies have demonstrated that preoperative low serum ALB
levels may be considered as a marker of systemic inflammation
and a poor prognostic indicator of survival outcome in cancer
patients (25, 26).

Many studies have shown that the development of malignant
tumors is closely related to the tumor microenvironment
(27). Inflammatory cells, such as neutrophils, lymphocytes,
and monocytes, are important components of the tumor
microenvironment, and their mediated inflammatory responses
can promote tumor cell proliferation, invasion, metastasis,
and immune escape (7, 28). The combination of multiple
inflammatory cells, such as NLR, PLR and LMR, has been
shown to correlate with the prognosis of various cancers (29,
30). NLR is an evaluation indicator reflecting the systemic
inflammatory response and is one of the earliest and most
classical inflammatory indicators found. The literature reports
that preoperative NLR levels are significantly associated with
postoperative tumor survival in a variety of solid tumors (31).
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In order to better assess patient prognosis, Jafri et al. (14)
developed an index (ALI) that could reflect the degree of systemic
nutrition and inflammation in patients based on three indicators:
BMI, ALB and NLR, and found that low ALI was a poor
prognostic indicator for patients with advanced NSCLC. In
addition, subsequent studies have shown that low ALI can be
used to assess the prognosis of various malignancies, such as
small cell lung cancer (SCLC), colorectal cancer and pancreatic
carcinoma (32, 33). Considering that BMI cannot directly
measure body fat and skeletal muscle content, Kim et al. (15)
replaced BMI with L3 muscle index to construct a modified ALI
(mALI) score and found that low mALI was an independent
prognostic risk factor for SCLC patients OS shortening. In the
present study, we compared the predictive ability of ALI and
mALI for OS, and found that mALI better predicted OS in RCC
patients and that mALI was an independent risk factor for OS.

Despite the positive results obtained in this study, there are
several limitations to this study. First, although this study was
a three-institution multicenter study, it was still a retrospective
study and required an expanded sample for prospective studies.
Second, we did not assess patients’ quality of life or postoperative
nutritional status. Final, we did not include other treatments in
the study, which may also have an impact on prognosis.

CONCLUSION

In general, we found that both ALI and mALI were associated
with poor prognosis in patients with RCC, but mALI was a
better predictor of OS than ALIL and mALI was an independent
prognostic factor for OS in patients with RCC undergoing
laparoscopic nephrectomy.
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Tung University, Taipei, Taiwan, ” Department of Medical Research, MacKay Memorial Hospital, Taipei, Taiwan, ® Institute of
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The effect of skeletal muscle loss associated with surgery and adjuvant radiotherapy
on survival outcomes in patients with early-stage cervical cancer remains unclear. We
analyzed the data of 133 patients with early-stage cervical cancer who underwent
surgery and adjuvant radiotherapy between 2013 and 2018 at two tertiary centers.
Skeletal muscle changes were measured using computed tomography scans at baseline,
at simulation for radiotherapy, and at 3 months post-treatment. A decrease of >5% in the
skeletal muscle was defined as “muscle loss.” The Patient-Reported Outcome version of
the Common Terminology Criteria for Adverse Events (PRO-CTCAE) was used to assess
gastrointestinal toxicity. The Patient-Generated Subjective Global Assessment (PG-SGA)
was used for nutritional assessment. Predictors of overall survival were identified using
the Cox regression models. The median follow-up period was 3.7 years. After treatment,
32 patients (24.1%) experienced muscle loss. The rate of muscle loss was higher in
patients with PRO-CTCAE score >3 or PG-SGA score >4 at the end of radiotherapy than
in patients with PRO-CTCAE score <2 or PG-SGA score 0-3 (75.0 vs. 10.5%, p < 0.001;
71.4 vs. 2.2%, p < 0.001). The 3-year overall survival was significantly lower in patients
with muscle loss than in those with muscle preserved (65.6 vs. 93.9%, p < 0.001).
Multivariate analysis showed that muscle loss was independently associated with poor
overall survival (hazard ratio, 4.55; 95% confidence interval: 1.63-12.72; p < 0.001).
Muscle loss after surgery and adjuvant radiotherapy was associated with poor overall
survival in patients with early-stage cervical cancer. Muscle loss is associated with
patient-reported gastrointestinal toxicity and deterioration in nutritional status.

Keywords: skeletal muscle loss, pelvic radiotherapy, cervical cancer, nutrition, clinical outcome
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INTRODUCTION

Cervical cancer is the fourth most commonly occurring cancer
and the fourth leading cause of cancer-related deaths in women,
with an estimated 604,000 new cases and 342,000 deaths
worldwide in 2020 (1). Radical hysterectomy with bilateral pelvic
lymph node dissection is the primary treatment for patients
with International Federation of Gynecology and Obstetrics
(FIGO) stage IB-IIA cervical cancer. Despite favorable outcomes
after surgery, patients with risk factors for recurrence are
administered adjuvant pelvic radiotherapy to reduce the risk
of pelvic recurrence, although no significant improvement in
overall survival due to adjuvant pelvic radiotherapy has been
reported (2-4). Consideration of treatment-related morbidity
is important.

Pelvic radiotherapy is associated with gastrointestinal (GI)
toxicities that can be challenging for the patients, interfere with
the quality of life, and lead to deterioration of nutritional status
(5-14). Patients who experience a high symptom burden and
deterioration of nutritional status might develop adverse changes
in body composition, such as skeletal muscle loss (15-17). The
skeletal muscle acts as an endocrine organ that produces and
releases myokines, which play a role in regulating the metabolism
and inflammation in the entire body (18). Studies have reported
that skeletal muscle loss during chemoradiotherapy is associated
with poor survival outcomes in patients with locally advanced
cervical cancer (7-13). However, the effect of skeletal muscle
loss associated with surgery and adjuvant radiotherapy on
survival outcomes in patients with early-stage cervical cancer
remains unclear.

Skeletal muscle mass can be evaluated by a variety of
techniques and reported as total body skeletal muscle mass, as
appendicular skeletal muscle mass, or as muscle cross-sectional
area of specific muscle groups or body locations (19). Computed
tomography (CT) images are widely performed in cancer patients
for routine cancer care and can provide objective skeletal muscle
measurement. The cross-sectional areas of the skeletal muscle
at the level of the third lumbar vertebra (L3) are strongly
correlated with the total body skeletal muscle (20-22). The
prognostic value of CT-based body composition measurement
had also been evaluated and validated in various malignancies
(23). Longitudinal analysis of CT images of cancer patients may
help evaluate skeletal muscle changes during cancer treatments
and their associations with clinical outcomes (Figure 1).

We hypothesized that skeletal muscle loss after surgery and
adjuvant radiotherapy would affect survival outcomes in patients
with early-stage cervical cancer. This study aimed to evaluate
skeletal muscle using CT scans performed during routine cancer
care and determine whether skeletal muscle loss is associated with
survival outcomes in patients with early-stage cervical cancer.

PATIENTS, MATERIALS, AND METHODS

Patients

This study was approved by the Institutional Review Board.
The need for informed consent was waived because of the
retrospective and observational nature of the study. The data of

FIGURE 1 | Axial cross-sectional areas of skeletal muscle (red) on CT images
at the L3 vertebral level (A) before and (B) after treatment in one patient. The
skeletal muscle areas of this patient were 81.6 and 77.3 cm? before and after
treatment, respectively. This patient had a reduction of 5.3% of skeletal muscle
after treatment.

patients with FIGO stage IB-IIA cervical cancer with indications
for postoperative radiotherapy after hysterectomy between 2013
and 2018 were reviewed at two tertiary centers. The inclusion
criteria were as follows: (a) adequate clinical data, GI toxicity
data, and nutritional assessment data, (b) CT scans performed
before surgery and within 3 months after adjuvant radiotherapy.
Patients were excluded from the analysis if they had a history of
other malignancies.

Treatments

Pre-treatment CT scans were routinely performed for the pre-
surgical workup. The surgeries were performed by accredited
gynecologic oncologists, and included hysterectomy, bilateral
salpingo-oophorectomy, and pelvic lymphadenectomy. After
surgery, the patients were recommended adjuvant pelvic
radiotherapy considering the pathological risk factors (tumor
size, depth of cervical stromal invasion, and invasion of
the lymphovascular space). For patients with pelvic lymph
node metastasis, parametrial involvement, or positive surgical
margins, adjuvant pelvic radiotherapy concurrent with cisplatin-
based chemotherapy was indicated. After surgical wound
healing, a CT scan was performed for planning radiotherapy.
Pelvic radiotherapy was administered using intensity-modulated
radiotherapy (IMRT) up to 45-50.4 Gy. The clinical target
volume encompassed the obturator, internal iliac, external iliac,
common iliac, and presacral nodal regions, and the upper vagina.
Vaginal cuff brachytherapy was considered at the discretion of the
treating physicians after the completion of pelvic IMRT. High-
dose rate brachytherapy at 5Gy for 4 fractions was delivered.
Post-treatment CT scans were performed within 3 months after
completion of radiotherapy.

Gl Toxicity Assessment

GI toxicities were assessed weekly using the Patient-Reported
Outcome version of the Common Terminology Criteria
for Adverse Events (PRO-CTCAE). The PRO-CTCAE
questionnaires included the severity of abdominal pain,
interference of abdominal pain with daily activities, and
frequency of diarrhea, were administered to patients (24).
Patients scored these three PRO-CTCAE items at home or
recorded whenever severe or bothersome symptoms occurred.
The PRO-CTCAE questionnaires were provided by patients
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to nurses in the health education room before weekly clinic
appointments. The PRO-CTCAE scores toxicity on a 5-point
Likert scale, with 0 indicating none, not at all, and never,
respectively. We analyzed the highest score for each item during
3-5 weeks of radiotherapy because radiotherapy-induced GI
toxicities generally become symptomatic at 3 weeks and reach a
maximum at 5 weeks (25).

Physicians also graded the GI toxicity every week using
CTCAE version 4.0. Previous studies reported that PRO-CTCAE
could evaluate the treatment-related toxicity more accurately
than the physician-graded CTCAE (6, 15). In this study, PRO-
CTCAE data were used for analysis.

Nutritional Assessment

We evaluated the nutritional status of patients using Patient-
Generated Subjective Global Assessment (PG-SGA) at the
beginning and end of radiotherapy. The PG-SGA provides a
score (higher score indicates a higher risk of malnutrition) and
categorizes patients into three distinct classes of nutritional
status: A, well-nourished; B, suspected malnutrition or
moderately malnourished; and C, severely malnourished.
In this analysis, patients were categorized into two groups: well-
nourished (PG-SGA score 0-3) and malnourished (PG-SGA
score >4) (15, 26-28).

Skeletal Muscle Measurement

The CT scans at three timepoints were retrieved for analysis
(Figure 2). The cross-sectional area (cm?) of the skeletal muscle
was measured on a single slice of the CT scan at the third
lumbar vertebral level. One researcher, blinded to the patient
information, measured the skeletal muscle using the Varian
Eclipse software (Varian Medical Systems Inc., Palo Alto, CA,
USA) (20-22, 29-31). Skeletal muscle was defined based on
Hounsfield unit (HU) thresholds ranging from —29 to +150
HU. The skeletal muscle index (SMI) was calculated as the
cross-sectional muscle area divided by height in square meters
(cm?/m?) (32). The cut-off values for sarcopenia were set at the
lowest tertile for SMI based on previous studies (33-36). The
body mass index (BMI) within 2 weeks of the CT scans was
obtained from medical records.

The current definition of cachexia is weight loss >5% over
the past 6 months (17). Based on this cut-off value, several
studies have reported that weight or muscle loss >5% during
cancer treatment is associated with poor survival outcomes in
cancer patients (35-38). In this study, patients with a decrease
in BMI or SMI >5% after surgery and adjuvant radiotherapy
were categorized as having weight loss or muscle loss, and those
with a gain or decrease of <5% in BMI or SMI were categorized
as “preserved”.

Statistical Analysis

Continuous variables are expressed as medians and interquartile
range (IQR) or mean =+ standard deviation. The comparisons
of continuous variables were analyzed using independent ¢-tests
or Mann-Whitney U tests, as appropriate. Categorical data are
expressed as frequency (%) and were analyzed using the chi-
square test or Fisher’s exact test. Changes in BMI and SMI
were analyzed by repeated-measures ANOVA with Bonferroni
adjustment for the post-hoc tests. Paired t-tests were used to
assess changes in PG-SGA score between the start and the end
of radiotherapy. McNemar’s test was used to test for significant
differences in the paired categorical data. Spearman’s correlation
coeflicient was used to evaluate the correlations.

Overall survival (OS) and disease-free survival (DFS) were
measured from the date of surgery to the date of death/last
follow-up and the date of disease recurrence, death, or last follow-
up, respectively. Univariate and multivariate analyses of OS and
DEFS were performed using the Cox proportional hazards model,
and the results are presented as hazard ratios (HRs) with 95%
confidence intervals (Cls). Multivariate models were selected by
backward elimination with a significance level of 0.05. The data
were analyzed using IBM SPSS software (version 21.0; IBM Corp.,
Armonk, NY, USA). Statistical significance was set at p < 0.05.

RESULTS

Patient Characteristics

We reviewed the data of 181 patients with cervical cancer
who underwent hysterectomy and adjuvant pelvic radiotherapy.
Patients with a history of other malignancy (n = 4), missing
PG-SGA data (n = 11), missing PRO-CTCAE data (n = 25),

Baseline
after surgery

3 CT for radiotherapy _5,

Longitudinal analysis of CT-based skeletal muscle change

FIGURE 2 | Timeline of computed tomography scans for patients with early-stage cervical cancer receiving surgery and post-operative pelvic radiotherapy. Skeletal
muscle was assessed on a transversal computed tomography slice at the level of L3. Red: skeletal muscle area. CT, computed tomography; RT, radiotherapy.

3 months after
treatment

GI toxicity
Nutritional status
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TABLE 1 | Patient and tumor characteristics.

Characteristics Overall (n = 133)

Age (years) 53 (46-61)
Stage (FIGO 2018)

1B1 16 (12.0)
B2 58 (43.6)
B3 23 (17.3)
IIA1 26 (19.5)
I1A2 10 (7.5)
Histology

Squamous cell carcinoma 104 (78.2)
Adenocarcinoma 29 (21.8)
Pathological cervical tumor size

<4cm 92 (69.2)
>4cm 41(30.8)
Pathological risk factors

Pelvc lymph node metastasis 41 (30.8)
Parametrial invasion 16 (12.0)
Positive surgical margin 8 (6.0)
Lymphovascular space invasion 103 (77.4)
Deep one-third cervical stromal invasion 97 (72.9)
Adjuvant treatment

Radiotherapy only 71 (53.4)
CCRT 62 (46.6)

CCRT, concurrent chemoradiotherapy; FIGO, International Federation of Gynecology and
Obstetrics; IQR, interquartile range.
Data are median (IQR) or n (%).

and in whom CT was not performed after treatment (n = 8)
were excluded. The final analysis was included the data of 133
patients. The patient and tumor characteristics are summarized
in Table 1. The median follow-up period was 3.7 years (IQR: 2.6—
5.7), during which 22 (16.5%) patients experienced recurrence,
and 17 (12.8%) patients died.

Gl Toxicity and Nutritional Status During

Pelvic Radiotherapy

All patients completed the planned pelvic radiotherapy with
a median duration of radiotherapy of 39 days (IQR: 37-41).
Overall, 28 (21.1%) patients reported PRO-CTCAE score >3 for
abdominal pain or diarrhea. In all, 14 (10.5%) patients reported
severe or very severe abdominal pain, 16 (12.0%) reported that
their abdominal pain interfered with their activities quite a bit or
very much, and 27 (20.3%) patients reported frequent or almost
constant diarrhea.

The nutritional status deteriorated during pelvic radiotherapy
with an increase in the PG-SGA score from the start to the end of
radiotherapy (1.4 to 3.3, p < 0.001). The number of malnourished
patients was 13 (9.8%) at the start of radiotherapy and increased
to 42 (31.6%) at the end of radiotherapy. Patients with PRO-
CTCAE scores >3 had significantly higher PG-SGA scores at the
end of radiotherapy than those reporting PRO-CTCAE <2 (7.6
vs. 2.1%, p<0.001). At the end of radiotherapy, the proportion of
malnourished patients was higher in the PRO-CTCAE score >3

group than in the PRO-CTCAE score <2 group (85.7 vs. 17.1%,
p < 0.001).

Skeletal Muscle Changes After Surgery
and Adjuvant Radiotherapy

The median duration from pre-treatment CT to simulation CT
for radiotherapy and post-treatment CT was 23 days (IQR:
21-25) and 137 days (IQR: 126-144), respectively. The cut-
off value for sarcopenia was set at SMI <38.5 cm?/m?, which
corresponds to the lowest tertile. Changes in the BMI and SMI
were seen across the three time points (p = 0.004 and p = 0.02,
respectively). BMI decreased from the baseline level by 1.0% post-
surgery (23.94 vs. 23.69 kg/m?, a decrease of 0.25 kg/m?; 95%
CL: —0.33 to —0.18; p < 0.001), and returned to the baseline
level 3 months post-radiotherapy (23.94 vs. 23.95 kg/m?, an
increase of 0.01 kg/m?; 95% CI: —0.17 to 0.18; p = 0.95). SMI
decreased from the baseline level by 0.4% post-surgery (38.7 vs.
38.5 cm?/m?, a decrease of 0.2 cm?/m?%; 95% CI: —0.2 to —0.1;
p < 0.001) and by 1.1% 3 months post-radiotherapy (38.7 vs.
38.3 cm?/m?, a reduction of 0.4 cm?/m?; 95% CI: —0.7 to —0.1;
p = 0.007). The changes in BMI and SMI were correlated (p =
0.59; p < 0.001) (Supplementary Figure 1). After surgery and
adjuvant pelvic radiotherapy, 23 (17.3%) and 32 (24.1%) patients
developed >5% loss of weight and muscle, respectively.

The changes in BMI and SMI after treatment were
not significantly different between patients with or without
concurrent chemotherapy (BMI: 0.06% vs. —0.03%, p = 0.91;
SMI: —0.9 vs. —1.3%, p = 0.70).

Skeletal Muscle Change Based on
Patient-Reported Gl Toxicity or Nutritional

Status

The changes in BMI and SMI after treatment according to the
PRO-CTCAE and PG-SGA scores are summarized in Table 2.
The frequency of patients experiencing weight or muscle loss
was significantly higher in the PRO-CTCAE score >3 group
than PRO-CTCAE score <2 group. Nutritional status at the
beginning of radiotherapy was not associated with a change in
BMI or SMI after treatment. In contrast, malnourished status at
the end of radiotherapy was associated with weight or muscle loss
after treatment.

The longitudinal changes in BMI and SMI according to PRO-
CTCAE or PG-SGA scores are presented in Figure 3. Patients
with PRO-CTCAE score >3 showed a greater reduction in SMI
after surgery (BMI: —1.4 vs. —0.9%, p = 0.26; SMI: —0.9 vs.
—0.3%, p = 0.04) and in BMI and SMI after radiotherapy (BMI:
—3.7 vs. 1.0%, p < 0.001; SMI: —6.6 vs. 0.4%, p < 0.001)
than patients with PRO-CTCAE score <2. Patients who were
malnourished at the end of radiotherapy had reduced BMI and
SMI after surgery (BMI: —1.7 vs. —0.7%, p = 0.003; SMI: —1.0
vs. —0.2%, p < 0.001) and showed a further decrease in BMI and
SMI after radiotherapy (BMI: —4.0 vs. 1.9%, p < 0.001; SMI: —5.9
vs. 1.1%, p < 0.001) compared to well-nourished patients.
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TABLE 2 | Body mass index and skeletal muscle index changes by PRO-CTCAE and PG-SGA.

PRO-CTCAE score

PG-SGA at the start of radiotherapy?

PG-SGA at the end of radiotherapy?

Variable <2 (n =105) >3 (n = 28) p-value 0-3 (n = 120) >4 (n=13) p-value 0-3(n=91) >4 (n =42) p-value
BMI change, n (%)

Gain or loss <5% 93 (88.6) 17 (60.7) 0.001 99 (82.5) 11 (84.6) 1.00 88 (96.7) 22 (52.4) <0.001
Loss >5% 12 (11.4) 1(39.3) 21 (17.5) 2(15.4) 3(3.3) 20 (47.6)

SMI change, n (%)

Gain or loss <5% 94 (89.5) 7 (25.0) <0.001 93 (77.5) (61.5) 0.30 89 (97.8) 12 (28.6) <0.001
Loss >5% 11 (10.5) 21 (75.0) 27 (22.5) 5 (38.5) 2(2.2) 30 (71.4)

BMI, body mass index; PRO-CTCAE, Patient-Reported Outcome version of the Common Terminology Criteria for Adverse Events;

Assessment; SMI, skeletal muscle index.
aMalnourished defined as PG-SGA score >4.
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Prognostic Impact of Skeletal Muscle on

Survival

The 3-year OS and DEFS for the entire cohort were 86.8 and
83.2%, respectively. The 3-year OS was 65.6 and 93.9% in the
groups with muscle loss and muscle preserved, respectively
(p < 0.001); the corresponding 3-year DFS rates were 62.5
and 89.9%, respectively (p < 0.001; Figure4A). The 3-year
OS was 783 and 88.6% in the weight loss and weight
preserved groups, respectively (p = 0.18); the corresponding
3-year DFS was 73.9 and 85.2%, respectively (p = 0.19;
Figure 4B).

On univariate analysis, adenocarcinoma, malnourishment
at the end of radiotherapy, pre-treatment sarcopenia, and
muscle loss were associated with poor OS and DFS (Table 3).
Multivariate analysis showed that adenocarcinoma and muscle
loss were independently associated with poor OS and DFS.
Malnourishment at the beginning of radiotherapy, pre-treatment
BMI, and weight loss after treatment were not associated with
OS or DEFES. In a subgroup analysis of patients with squamous
cell carcinoma (n = 104), pre-treatment sarcopenia and muscle
loss after treatment were independently associated with poor
OS. Muscle loss was independently associated with poor DEFS;
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however, pre-treatment sarcopenia was not associated with DFS

(Supplementary Table 1).

DISCUSSION

This study found that skeletal muscle loss after surgery and
adjuvant pelvic radiotherapy was associated with poor survival
outcomes in patients with early-stage cervical cancer. However,
pre-treatment sarcopenia, BMI, and weight loss after treatment
were not independently associated with survival outcomes.
In addition, skeletal muscle loss was associated with patient-
reported GI toxicity and deterioration of nutritional status during

pelvic radiotherapy.

The current role of adjuvant pelvic radiotherapy is to decrease
the risk of pelvic recurrence in patients with early-stage cervical
cancer; however, the outcomes of previous randomized trials
indicate that pelvic radiotherapy may not have a benefit of better
overall survival (2-4). Pelvic radiotherapy can cause GI toxicity
in these patients and deteriorate their nutritional status and
quality of life. We found that patients with severe GI toxicities

were malnourished at the end of radiotherapy. Severe GI
toxicity or malnourishment at the end of radiotherapy was also
associated with significant muscle loss after treatment. Notably,
patients with muscle loss had significantly poorer OS than those
with preserved muscle. Considering the role of adjuvant pelvic
radiotherapy mentioned above, we suggest that preservation of
muscle mass should be a treatment goal to optimize the OS in
these patients.

Skeletal muscle loss is associated with a higher risk of
recurrence and overall and cancer-specific mortality in locally
advanced cervical cancer (9-11). Although the patients in this
study had early-stage cervical cancer, muscle loss was also
associated with a higher risk of recurrence and mortality.
Moreover, the most common histological type of cervical cancer
is squamous cell carcinoma, and its clinical behavior is less
aggressive than that of adenocarcinoma (39). In a subgroup
analysis of patients with squamous cell carcinoma, muscle loss
was associated with a higher risk of recurrence and mortality.
This might be because skeletal muscle, as an endocrine organ,
regulates the metabolism and inflammation in the entire body.
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TABLE 3 | Univariate and multivariate analyses of factors associated with overall survival and disease-free survival.

Overall survival

Disease-free survival

Univariate Multivariate* Univariate Multivariate*
Characteristics HR (95% CI) p-value HR (95% Cl) p-value HR (95% Cl) p-value HR (95% Cl) p-value
Age continuous 0.99 (0.94-1.03) 0.55 0.99 (0.95-1.03) 0.64
FIGO stage lIAvs. IB 1.09 (0.38-3.08) 0.88 0.78 (0.29-2.12) 0.63
Histology ACvs.SCC  4.50 (1.73-11.67) 0.002 3.96 (1.50-10.43) 0.005 2.79(1.19-6.54) 0.02 2.44 (1.04-5.75) 0.04
Pelvc lymph node Yes vs. No 0.70 (0.23-2.16) 0.54 1.06 (0.43-2.59) 0.91
metastasis
Parametrial Yes vs. No 1.58 (0.46-5.51) 0.47 1.20 (0.35-4.04) 0.77
involvement
Positive surgical Yes vs. No 2.42 (0.55-10.58) 0.24 1.87 (0.44-8.00) 0.40
margin
Lymphovascular Yes vs. No 0.67 (0.24-1.89) 0.45 0.91 (0.32-2.59) 0.86
space invasion
Deep cervical Yes vs. No 0.91 (0.32-2.59) 0.86 1.02 (0.40-2.62) 0.96
stromal invasion
Adjuvant treatment ~ CCRT vs. RT 0.81 (0.31-2.13) 0.67 0.96 (0.41-2.22) 0.92
Malnourished at Yes vs. No 1.98 (0.57-6.88) 0.29 2.10(0.71-6.22) 0.18
the start of RT**
Malnourished at Yes vs. No 3.15 (1.20-8.28) 0.02 2.25(0.98-5.19) 0.06
the end of RT**
Pre-treatment BMI continuous 0.89 (0.78-1.02) 0.10 0.97 (0.87-1.08) 0.53
Weight loss >5% Yes vs. No 2.01 (0.71-5.71) 0.19 1.87 (0.73-4.77) 0.19
after treatment
Pre-treatment Yes vs. No 3.04 (1.16-7.99) 0.02 2.67 (0.99-7.17) 0.051 2.13(0.92-4.92) 0.08
sarcopenia
Muscle loss >5% Yes vs. No 6.26 (2.31-16.94) <0.001 4.55 (1.63-12.72) 0.004 4.27 (1.84-9.89) 0.001 3.94 (1.69-9.19) 0.001

after treatment

AC, adenocarcinoma; BMI, body mass index; CCRT, concurrent chemoradiotherapy; Cl, confidence interval; FIGO, International Federation of Gynecology and Obstetrics; HR, hazard

ratio; RT, radiotherapy; SCC, squamous cell carcinoma; SMI, skeletal muscle index.
“Multivariable analysis using a backward selection method.
“Malnourished defined as PG-SGA score >4.

Changes in the metabolic and inflammatory status caused by
muscle loss might create a favorable environment for cancer
cell growth and disease recurrence (40-42). However, the
mechanisms linking muscle loss, recurrence, and cancer-specific
mortality need to be investigated in further studies.

Many factors can contribute to muscle loss, including
malnutrition, treatment-related toxicity, systemic inflammation,
physical inactivity, and aggressiveness of cancer itself (16). In
this study, patients with severe GI toxicity or malnourished
status at the end of radiotherapy had considerable muscle loss
after treatment. Although supportive care such as medication
or nutritional counseling was provided to these patients when
GI toxicity or malnutrition occurred, there is a need for more
effective interventions to preserve skeletal muscle, particularly
for patients with PRO-CTCAE score >3 or malnourished
status at the end of pelvic radiotherapy. Considering that the
pathophysiology of muscle loss is multifactorial (43), multimodal
interventions (nutrition, exercise, and anabolic medication)
might help preserve skeletal muscle. The timing and duration
of interventions should also be considered because it can take
months to restore rapid muscle loss during cancer treatment
(44-46). Moreover, our previous study reported that bowel

radiation dose-volume is associated with muscle loss during
pelvic radiotherapy (8). It is interesting to classify patients
into a lower or higher risk of muscle loss based on patients’
conditions and bowel radiation dose-volume and may design
targeted multimodal supportive care for patients with a higher
risk of muscle loss. Future studies are needed.

Skeletal muscle loss may not be detected by measuring body
weight during cancer care. Although the changes in BMI were
moderately correlated with changes in SMI in this study, evidence
has revealed that changes in the adipose tissue could confound
the interpretation of the changes in BMI and mask the detection
of muscle loss (18). Moreover, pre-treatment BMI or weight
loss after treatment was not associated with survival outcomes
in our patients. In previous studies that evaluated patients with
locally advanced cervical cancer, the prognostic role of BMI
was debatable, while muscle loss was associated with poorer
survival outcomes (9-12). These findings suggest the relevance
of integrating muscle measurements into clinical practice. In
this study, we used CT scans acquired during cancer care
to measure skeletal muscle. However, CT scans might not be
available for all patients with cervical cancer. This is because
MRI might be preferred due to its higher ability to evaluate the
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local invasion of cervical cancer. The interchangeability of CT-
and MRI-derived measurements of the cross-sectional area at
superior mesenteric artery level has been reported, suggesting
that it might be feasible to evaluate skeletal muscle using MRI
(47). Further studies are needed to evaluate the interchangeability
of CT and MRI-derived skeletal muscle measurement at the level
of L3 in cervical cancer. Our findings also need to be validated in
future studies.

This study had some limitations. This is a retrospective
investigation with a small number of patients and limited follow-
up duration. The sample size of this study was inadequate to
draw a firm conclusion (48, 49). Longer follow-up is also needed
to provide a more comprehensive view of the effects of skeletal
muscle loss on outcomes. Information such as quality of life was
not available for analysis owing to the retrospective design of the
study. Selection bias and residual and unmeasured confounding
factors are also potential limitations of this retrospective study.
Despite these limitations, the strength of our study is that patients
received very similar treatments, and there were patient-reported
outcomes of GI toxicity assessment and nutritional assessment.
The treatment outcomes were comparable to those reported in
previous studies (4-6).

In summary, our findings showed that skeletal muscle loss
after surgery and adjuvant pelvic radiotherapy was independently
associated with poor survival outcomes in patients with early-
stage cervical cancer. Muscle loss is also associated with GI
toxicity and deterioration of nutritional status. While adjuvant
pelvic radiotherapy can reduce the risk of pelvic recurrence,
it is important to preserve the muscle to optimize survival
outcomes for these patients. Future studies are necessary to
evaluate whether early multimodal interventions can preserve the
muscle in these patients.
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Advanced Rectal Cancer
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Hao Wang#

" Department of General Surgery, Peking University Third Hospital, Bejjing, China, ? Department of Radiotherapy, Peking
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Background: To explore the impact of body composition before neoadjuvant
chemoradiotherapy (pre-NCRT) and after neoadjuvant chemoradiotherapy (post-NCRT)
on complications, survival, and tumor response in patients with locally advanced rectal
cancer (LARC).

Methods: Patients with LARC who underwent radical surgery after NCRT between Ja
22nuary 2012 and March 2019 were studied. Body composition parameters, including
skeletal muscle area (SMA), muscle density (MD), visceral fat area (VFA), total abdominal
fat area (TAFA), and subcutaneous fat area (SFA), was identified at the third lumbar
vertebra level on computed tomography (CT). The patients were divided into two
groups based on the sex-specific quartile values of SMA, MD, VFA, TAFA, SFA, and
body composition change. Patient characteristics, short- and long-term postoperative
complications, survival, and tumor response were analyzed.

Results: A total of 122  eligible patients were enrolled. Body
composition parameters, except MD, were strongly correlated with BMI
(o < 0.001). Pre-NCRT low MD (p = 0.04) and TAFA loss (p = 0.02) were significantly
correlated with short- and long-term ileus, respectively. Pre-NCRT low SMA was
a significant prognostic factor for both disease-free survival (DFS) (HR 2.611, 95%
Cl 1.129-6.040, p = 0.025) and cancer-specific survival (CSS) (HR 3.124, 95% Cl
1.030-9.472, p = 0.044) in the Cox regression multivariate analysis. Multivariate logistic
regression analysis identified post-NCRT SFA (OR 3.425, 95% Cl 1.392-8.427, p =
0.007) and SFA loss (OR 3.358, 95% Cl 1.214-9.289, p = 0.02) as independent risk
factors for tumor regression grade (TRG) and downstaging, respectively.

Conclusion: Pre-NCRT low MD and TAFA loss were related to a high incidence of
short- and long-term ileus, respectively. Pre-NCRT low SMA was a significant prognostic
factor for CSS and DFS. Post-NCRT SFA and SFA loss were independent risk factors
for TRG and downstaging, respectively.

Keywords: body composition, rectal cancer, complications, prognosis, tumor response
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Body Composition and Rectal Cancer

BACKGROUND

Colorectal cancer is one of the most common cancers worldwide
and is the second leading cause of cancer-related deaths (1).
Rectal cancer accounts for nearly 30% of all colorectal cancers
(2). Despite progress in standard treatment for locally advanced
rectal cancer (LARC) and neoadjuvant chemoradiotherapy
(NCRT) with total mesorectal excision, LARC patients are still
burdened by considerable risks of morbidity and metastasis (3-
5). Moreover, tumor response after NCRT is a critical reference
index for the subsequent treatment and prognosis of patients
(6, 7). Hence, preoperative modifiable risk factors that could
potentially identify complications, survival prospects, and tumor
response in LARC patients are needed to stratify patients with
high-risk status and guide tailored treatment.

Cancer-related inflammation and malnutrition are highly
prevalent in cancer patients and are essential predictors of
complications, survival, and tumor response (8, 9). Patients
with cancer-related inflammation and malnutrition are more
prone to obtaining a reduced therapeutic effect and experiencing
increased chemotherapy toxicity (10-13). Previous studies
indicated that a scoring system combining inflammatory and
nutritional parameters plays an essential role in predicting
outcomes, cancer treatment results and survival (14, 15). Body
composition identified from computed tomography (CT) at
the third lumbar cross-section of skeletal muscle and fat
area is considered an essential biomarker that reflects both
inflammatory and nutritional statuses, and its association with
cancer outcomes is gaining attention (16, 17). In addition,
unlike body mass index (BMI), which neglects the role of sex
and is unable to differentiate between muscle mass and fat
mass or to characterize the distribution of adipose tissue, body
composition could reflect the “real” status of cancer patients
more precisely (18-20).

Recently, several meta-analyses have shown the value of CT-
based specific profiles of the muscle and adipose parameters
(body composition) in predicting short- and long-term outcomes
in several cancers (21-23). Skeletal muscle depletion was
identified as an independent risk factor for survival in
non-metastatic colorectal cancer (13). In rectal cancer, CT-
quantified adipose tissue distribution was strongly associated
with postoperative complications (24). Furthermore, Chung et al.
(25) analyzed 93 LARC patients and found that the change in
muscle mass might be a promising parameter to predict overall
survival. Notwithstanding, several studies have assessed the
relationship between CT-based body composition and LARC, but
these studies did not thoroughly assess pre- and post-NCRT body
composition and the change in body composition or determine
which specific parameters might be risk factors for postoperative
morbidity, long-term oncological outcome, and tumor response.

Hence, our study aimed to analyze pre- and post-NCRT body
composition parameters and the change in body composition
during NCRT to assess the relationship between nutritional
status and body composition parameters and to identify whether
different body composition parameters could be predictive
of short- and long-term complications, survival, and tumor
response in a homogenous group of patients with LARC.

METHODS

Study Population

A total of 122 patients with LARC with prospective follow-up
data treated at the Department of General Surgery at Peking
University Third Hospital were retrospectively analyzed between
January 2012 and March 2018. The inclusion criteria were as
follows: (1) pre-NCRT colonoscopy pathology confirming the
diagnosis of adenocarcinoma; (2) diagnosis of LARC through
pre-NCRT CT and magnetic resonance imaging (MRI); (3)
all patients underwent NCRT followed by radical surgery; and
(4) complete inpatient data, including pre- and post-NCRT
CT scans and follow-up data. The exclusion criteria were as
follows: (1) presence of other cancers in addition to rectal
adenocarcinoma; (2) presence of lumbar metal implants; and (3)
management by a watch and wait strategy after NCRT. Ethical
approval was obtained from Peking University Third Hospital
(IRB00006761-M2019387), and this study adhered to the tenets
of the Declaration of Helsinki. The requirement for informed
consent was waived by the Institutional Review Board of Peking
University Third Hospital.

NCRT Treatment

All patients were treated with the same NCRT treatment scheme.
The decision to administer NCRT or conduct radical resection
was made by a multidisciplinary team, which consisted of
surgeons, oncologists, pathologists, and radiologists. Radiation
doses ranged from 45 to 50 Gy given across 25 fractions.
Radiation was given according to institutional protocols.
The oral capecitabine dosage during the whole course of
radiotherapy (RT) was 1,650 mg/m? per day. The American
Joint Committee on Cancer (AJCC) eighth edition classification
standard recommended by the National Comprehensive Cancer
Network (NCCN) guidelines was adopted for the pathological
staging of the patients. The AJCC tumor regression grade (TRG)
definitions were as follows: TRGO, no sign of tumor cells; TRG1,
single tumor cell or small groups of tumor cells; TRG2, residual
cancer with a desmoplastic response (mild regression); and
TRG3, no tumor cells killed. In this study, TRGO-1 was defined as
a good response, while TRG2-3 was defined as a poor response. A
decline in postoperative staging compared to clinical staging was
defined as downstaging.

Measurement and Definition of Body
Composition

We retrospectively measured pre-NCRT (before starting NCRT)
and post-NCRT (8-12 weeks after the cessation of NCRT)
cross-sectional CT images in the supine position, taken at
the level of the third lumbar vertebra (L3). A Java-based
open-source image processing software, Image] software v1.47i
(National Institutes of Health, Bethesda, MD), was used to
determine skeletal muscle and fat tissue areas (26). The following
tissue Hounsfield unit (HU) thresholds were employed:—29
to 150 HU for skeletal muscle, and —190 to —30 HU for
adipose tissue (Supplementary Figure 1) (26). Muscle density
(MD) was calculated through the mean HU of the skeletal
muscle area (SMA). SMA, visceral fat area (VFA), total
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FIGURE 2 | Change of skeletal muscle area (A), muscle density (B), visceral fat area (C), total abdominal fat area (D), subcutaneous fat area (E) during NCRT. Q1,
Q2, Q3, and Q4 have represented the highest quartile, 50-75%, 25-50%, and lowest quartile, respectively.

abdominal fat area (TAFA), and subcutaneous fat area (SFA)
were normalized by the square of height (m?). SMA and
MD were divided into low and normal groups according
to the lowest sex-specific quartile cutoff values, and VFA,
TAFA and SFA were divided into high and normal groups
according to the highest sex-specific quartile cutoff values (27).
The change in body composition was initially expressed as a
percentage calculated by (post-NCRT body composition-pre-
NCRT body composition)/pre-NCRT body composition x 100.
We dichotomized our patients into a body composition loss

group and a normal group according to the lowest quartile cutoff
values (25).

Outcome Parameters

Short-term complications included overall complications, ileus,
surgical site infection (SII), unplanned reoperation, and Clavien-
Dindo (CD) classification of complications (28). Long-term
complications included ileus, delayed reversal, reversal failure,
radiation proctitis, and anastomotic stricture. Survival outcomes
included cancer-specific survival (CSS) and disease-free survival
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(DES). CSS was defined as the period from surgical treatment to
the date of death caused by rectal cancer. DFS was defined as
the period from surgical treatment to tumor recurrence. Tumor
response included TRG and tumor downstaging.

Statistical Analysis

The Kolmogorov-Smirnov method was used to determine the
normality of the data. Normally distributed data are expressed
as the means + standard deviations and were analyzed using
independent sample t-test, while skewed data are expressed
as the medians (interquartile ranges) and were analyzed
using the Mann-Whitney U test. Categorical variables were
analyzed using the chi-square test or Fisher’s exact test. Factors
that influenced tumor response were assessed using logistic
regression, and factors that influenced DFS and CSS were
assessed using Cox regression. Potential risk factors (p < 0.1)
were adopted for the multivariate analysis with the backward
stepwise method, following the results of the univariate analysis.
Survival curves were drawn using the Kaplan-Meier method
owing to the significant difference observed in the follow-up
time of the patients; thus, all survival analyses were targeted
at the cumulative survival rate of the patients. Time-dependent
receiver operating characteristic (ROC) analysis to compare
the prognostic values of the markers for DFS and CSS was
performed by the “timeROC” package in R version 3.5.2. All
statistical analyses were conducted using SPSS Statistics 24.0
(IBM Corporation, Armonk, NY, USA). A p-value of < 0.05 was
recognized as statistically significant.

RESULTS

Patient Characteristics

According to the inclusion and exclusion criteria, 122 patients
were eventually enrolled in the study. A detailed flow chart of
the patient selection process and outcomes is shown in Figure 1.
Among the study population, 88 patients were male (71.5%),

with a mean age of 60 years (range 22-82). The mean BMI
was 23.9 kg/m? (range 15.2-32.9) for men and 24.4 kg/m?
(range 19.1-30.1) for women. Sixty-three (43.7%) patients had
tumor size > 4cm, while 75 (54.3%) had tumor size < 4cm.
Thirty-nine (32.0%) patients had tumors in the lower rectum,
while the remaining 83 (68.0%) patients had tumors in the
mid-high rectum. A total of 24 (19.7%) patients had clinical
stage T4 disease, and 91 (74.6%) patients had clinically positive
lymph nodes. Eighteen (14.8%) patients achieved ypTONOMO
after NCRT, and 89 (76.6%) patients achieved downstaging after
NCRT. According to the four-tier AJCC-TRG system, 72 (59%)
patients were TRGO-1, while 50 (41%) patients were TRG2-3.
The detailed baseline clinicopathological characteristics of the
patients are shown in Supplementary Table 1.

Impact of Neoadjuvant Therapy on Body
Composition

The median pre-NCRT SMA, MD, VFA, TAFA, and SFA were
46.47 cm?/m?, 37.04 HU, 48.99 cm?/m?, 103.12 cm?/m?, and
43.46 cm?/m?, respectively, while the median of post-NCRT
SMA, MD, VFA, TAFA, and SFA were 45.88 cm?/m?, 37.75
HU, 46.93 cm?/m?, 10420 cm?/m?, and 45.35 cm?/m?. No
statistically significant difference was observed between pre-
NCRT and post-NCRT body composition (p > 0.05). The median
changes in SMA, MD, VFA, TAFA, and SFA were —0.65, 2.29,
9.4, 8.24, and 9.67%, respectively. Overall, the distribution of
% change in body composition during NCRT is shown in
Figure 2. The detailed body composition parameters and the
change in body composition of LARC patients are shown in
Supplementary Table 2.

Body Composition and Nutritional Status
(BMI, ALB, FIB, and HB)

We further explored the relationship between body composition
and nutrition status. Except for pre- and post-NCRT MD,
BMI was strongly correlated with pre- and post-NCRT body
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TABLE 1 | Correlation of body composition and short- and long-term complications.

Variable Short-term complications Long-term complications
Complications lleus SSi Unplanned CD> 1l lleus Reversaldelayed Reversal Radiation Anastomotic
N =26 N =11 N =12 reoperation N =10 N =10 N =54 failure N =8 proctitis stricture
N=5 N=7 N=7
P-value? P-value® P-value® P-value® P-value® P-value® P-value? P-value® P-value® P-value®
Pre-NCRT
Low SMA 0.758 1.000 1.000 0.419 0.430 1.000 0.537 1.000 0.607 1.000
Low MD 0.755 0.040 0.750 1.000 0.975 0.425 0.409 0.781 1.000 1.000
High VFA 0.474 1.000 0.750 0.178 0.975 0.462 0.368 0.315 0.386 1.000
High TAFA 0.840 0.376 0.698 0.774 0.975 0.462 0.368 0.315 0.344 1.000
High SFA 0.755 0.880 1.000 1.000 0.975 0.975 1.000 1.000 0.949 0.949
Post-NCRT
Low SMA 0.360 1.000 1.000 1.000 0.926 0.511 0.465 1.000 0.800 1.000
Low MD 0.928 0.659 0.808 1.000 1.000 0.511 1.000 0.618 0.371 1.000
High VFA 0.840 1.000 1.000 1.000 1.000 0.462 0.625 1.000 0.307 0.949
High TAFA 0.840 1.000 1.000 0.439 0.462 0.462 1.000 0.963 0.307 0.949
High SFA 0.064 0.559 0.698 1.000 0.975 0.462 1.000 1.000 0.386 1.000
Change
SMA loss 0.680 0.659 0.255 0.845 1.000 0.159 0.683 1.000 1.000 0.720
MD loss 0.409 1.000 0.274 0.774 0.975 0.462 0.138 1.000 1.000 1.000
VFA loss 0.474 0.880 0.750 0.178 0.425 0.118 0.845 1.000 0.949 1.000
TAFA loss 0.474 1.000 0.750 0.178 0.425 0.020 1.000 0.700 0.872 0.872
SFA loss 0.219 1.000 0.306 1.000 1.000 1.000 0.611 1.000 1.000 1.000

SSI, surgical site infection; CD, Clavien-Dindo classification; SMA, skeletal muscle area; MD, muscle density; VFA, visceral fat area; TAFA, total abdominal fat area; SFA, subcutaneous fat area.
aChi-square test.
bFisher’s exact test.
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FIGURE 4 | Comparison of DFS and CSS between the different status of body composition in LARC patients. (A) Kaplan-Meier analysis for DFS rate between normal
and pre-NCRT low SMA groups in LARC patients (p = 0.029). (B) Kaplan-Meier analysis for the CSS rate between normal and pre-NCRT low SMA groups in LARC
patients (p = 0.028). (C) Kaplan—Meier analysis for CSS rate between normal and pre-NCRT low MD groups in LARC patients (p = 0.048). (D) Kaplan-Meier analysis
for the CSS rate between normal and post-NCRT low MD in LARC patients (o = 0.016).

composition (p < 0.001; Supplementary Table 3) and weakly
correlated with the change in body composition (p > 0.05).
There was no significant difference in albumin (ALB) for body
composition and change in body composition. Fibrinogen (FIB)
was only associated with pre-NCRT SMA (p = 0.041). With
regard to hemoglobin (HB), there were significant differences in
the pre- and post-NCRT low SMA groups (p = 0.005; p = 0.006),
pre-NCRT high VFA group (p = 0.009), SFA loss group (p =
0.025) and normal group according to the Mann-Whitney U test
(Figure 3).

Short- and Long-Term Complications and
Body Composition

A chi-square test was conducted to determine whether body
composition was closely correlated with short- and long-term
complications. All short- and long-term complication outcomes
are included in Table 1. Twenty-six (21.3%) patients experienced
a short-term complication, and the rates of ileus, SSI, unplanned
reoperation, and CD>III were 9% (11 cases), 9.8% (12 cases),
4.1% (5 cases), and 8.2% (10 cases), respectively. Among all

body composition parameters, pre-NCRT low MD (p = 0.04)
was related to short-term ileus. The other indicators were not
associated with short-term complications. Concerning long-term
complications, 10 (8.2%) of 122 patients experienced long-term
ileus, while 7 (10.3%) of 68 patients who underwent Dixon
operation suffered from radiation proctitis and anastomotic
stricture. Of the 63 patients who underwent preventive diverting
stoma, 8 (12.7%) failed to undergo reversal. A total of 54 patients
underwent stoma reversal, and 37 (68.5%) patients’ reversal later
than 6 months after surgery was considered delayed. Only TAFA
loss (p = 0.02) was associated with long-term ileus.

Time-Dependent ROC Curve of Body
Composition and Change in Body
Composition

Time-dependent ROC analysis was conducted to compare the
ability of body composition to predict DFS and CSS. In the first,
third, fourth, fifth, and sixth years after surgery, the AUCs of pre-
NCRT SMA for predicting DFS continued to be superior to those
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TABLE 2 | Cox proportion independent predictors of DFS and CCS in LARC patients.

DFS Css

Univariate Multivariate Univariate Multivariate

HR (95%Cl) P-value HR (95%Cl) P-value HR (95%Cl) P-value HR (95%Cl) P-value
Gender (male vs. female) 0.600 (0.222-1.623) 0.314 - - 0.324 (0.071-1.486) 0.147 - -
Age, years 1.008 (0.976-1.042) 0.617 - - 1.022 (0.976-1.070) 0.358 - -
BMI (kg/m?) 0.945 (0.831-1.074) 0.387 - - 0.884 (0.774-1.052) 0.165 - -
Tumor size (>4 vs. <4.cm) 2.915 (0.865-9.826) 0.084 - - 4.844 (0.628-37.383) 0.130 - -
Surgery procedure - 0.592 - - - 0.270 - -
Miles vs. hartmann 0.574 (0.168-1.962) - - 0.588 (0.140-2.474) 0.469 - -
Dixon vs. hartmann 0.567 (0.183-1.758) - - 0.310 (0.073-1.323) 0.114 - -
Tumor location - - - - - -
Low vs. mid-high 0.774 (0.305-1.965) 0.589 - - 0.737 (0.203-2.681) 0.643 - -
cT (cT4 vs. cT2-3) 3.066 (1.291-7.283) 0.011 2.811 (1.165-6.780) 0.021 2.966 (0.956-9.197) 0.060 2.944 (0.940-9.226) 0.064
N (negative vs. positive) 4.539 (1.062-19.400) 0.041 3.820 (0.888-16.437) 0.072 34.598 (0.217-5513.741) 0.171 - -
ypTNM (0 vs. Il 0.457 (0.107-1.956) 0.291 - - 0.431 (0.56-3.349) 0.421 - -
CEA (=5 vs. <5 ng/L) 2.404 (0.947-6.105) 0.065 - - 2.488 (0.755-8.204) 0.134 - -
Pre-NCRT low SMA vs. normal 2.429 (1.063-5.549) 0.035 2.611 (1.129-6.040) 0.025 3.200 (1.072-9.558) 0.037 3.124 (1.080-9.472) 0.044
Pre-NCRT low MD vs. normal 2.070 (0.895-4.789) 0.089 - - 2.880 (0.963-8.619) 0.059 - -
Post-NCRT low MD vs. normal - - - - 3.5632 (1.181-10.557) 0.024 3.006 (1.003-9.008) 0.049

HR, hazard ratio; Cl, cofidence interval;

represent P<0.05.

cT, clinical T stage; cN, clinical N status; ypTNM, post neoadjuvant pathological TNM stage; CEA, carcinoembryonic antigen; SMA, skeletal muscle area; MD, muscle density. The bold values

85

‘Yo nn

J80URD [e108y pue uolisodwo)) Apog


https://www.frontiersin.org/journals/nutrition
https://www.frontiersin.org
https://www.frontiersin.org/journals/nutrition#articles

Liu et al.

Body Composition and Rectal Cancer

TRG-Unadjusted Downstaged-Unadjusted
Variable

OR(95%Cl) Pvalue OR(95%Cl) P value
Clinical parameters
Clinical T4 2.411 (0.971-5.987) 0.058 4.286 (1.594-11.525) —_— 0.004
Tumor size>4cm 1.304 (0.572-2.973) —_ 0.528 3.088 (0.855-11.149) —— 0.085
Mid-low cancer 2.172 (1.001-4.713) —_—— 0.050 2.019 (0.693-5.882) +—=——— 0198
BMI 1.056 (0.943-1.182) r 0.346 1.040 (0.905-1.195) - 0.583
Pre-NCRT
Low SMA 1.054 (0.461-2.410) e 0.901 1.630 (0.619-4.296) - 0.323
Low MD 0.947 (0.409-2.195) — 0.900 1.727 (0.653-4.567) _ 0.271
High VFA 1.361 (0.593-3.123) - 0.467 0.768 (0.260-2.274) —r— 0.634
High TAFA 1.361 (0.593-3.123) - 0.467 1.028 (0.366-2.885) b e 0.959
High SFA 1.361 (0.593-3.123) - 0.467 1.727 (0.653-4.567) -+ 0.271
Post-NCRT
Low SMA 0.980 (0.431-2.227) —_ 0.643 1.542 (0.587-4.049) - 0.380
Low MD 0.821 (0.358-1.881) —— 0.641 1.202 (0.447-3.237) T 0.715
High VFA 1.361 (0.593-3.123) - 0.467 1.343 (0.496-3.637) —_1 0.562
High TAFA 1.137 (0.494-2.617) R 0.763 1.343 (0.496-3.637) —— 0.562
High SFA 2.812 (1.206-6.561) ——F  0.017 1.028 (0.366-2.885) —_ 0.959
Change
SMA loss 0.685 (0.296-1.587) —1 0.377 0.923 (0.331-2.578) —— 0.879
MD loss 1.629 (0.710-3.736) - 0.250 1.343 (0.496-3.637) _ 0.562
VFA loss 0.650 (0.274-1.542) — 0.328 1.343 (0.496-3.637) -— 0.562
TAFA loss 0.533 (0.221-1.288) —-— 0.162 1.343 (0.496-3.637) —— 0.562
SFA loss 0.947 (0.409-2.195) e 0.900 2.786 (1.079-7.193) —_— 0.034

1 I 1 I 1 I I I 1 I I I
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FIGURE 5 | Forrest plot of unadjusted logistic regression to assess the discrimination ability of body composition for tumor TRG and downstaging.

of other parameters (Supplementary Figure 2A). Meanwhile,
the time-dependent ROC curve for CSS showed that pre-
NCRT SMA has a relatively stable ability in predicting CSS
(Supplementary Figure 2B). The AUCs of pre-NCRT SMA for
predicting 1-, 2-, 3-, 4-, 5-, and 6-year DFS were 0.678, 0.549,
0.544, 0.621, 0.64, and 0.626, respectively. Meanwhile, the AUCs
of pre-NCRT SMA for predicting 2-, 3-, 4-, 5-, 6- and 7-year CSS
were 0.537, 0.593, 0.649, 0.608, 0.15, and 0.744, respectively.

Long-Term Outcomes and Body

Composition

The follow-up time ranged from 5 to 100 months, and the median
follow-up time was 46.5 months. Thirteen (10.7%) patients
had died at the last follow-up, and local recurrence with or
without metastasis occurred in 23 (18.9%) patients among the
122 enrolled patients. With regard to DFES, pre-NCRT low SMA
(p = 0.029) was significantly correlated with poor DFS according
to Kaplan-Meier analysis (Figure 4A), and the cumulative 5-year
DEFS rate of pre-NCRT low SMA was 57.3%. Regarding CSS,
pre-NCRT SMA and pre- and post-NCRT MD could distinguish
patients with poor CSS (Figures 4B-D), and the cumulative 5-
year DFS rates were 77.3, 71.7, and 67.6%, respectively. The other
body composition parameters failed to differentiate survival in
LARC patients (Supplementary Figures 3, 4).

Cox regression analysis was conducted further to demonstrate
the prognostic value of body composition. Univariate analysis
showed that clinical T stage, clinical lymph node status,
and pre-NCRT SMA were significantly associated with DES
(Table 2). Multivariate analysis indicated that both pre-NCRT
low SMA (HR 2.611, 95% CI 1.129-6.040, p = 0.025) and
clinical stage T4 (HR 2.811, 95% CI 1.165-6.780, p = 0.021)

were independent prognostic factors of poor DFS in LARC
patients undergoing radical surgery following NCRT. Meanwhile,
univariate analysis showed that pre-NCRT SMA and post-
NCRT MD were also significantly associated with CSS (Table 2).
Subsequent multivariate analysis showed that pre-NCRT low
SMA (HR 3.124, 95% CI 1.030-9.472, p = 0.044) and post-
NCRT low MD (HR 3.532, 95% CI 1.181-10.557, p = 0.024) were
independent risk factors for CSS (Table 2).

Tumor Response and Body Composition
Finally, logistic regression analysis was performed based on TRG
and downstaging to further determine the clinical utility of
body composition in predicting tumor response to NCRT. In
the univariate logistic regression analysis of TRG, post-NCRT
high SFA was associated with a poor response, while the other
body composition parameters were not (Figure 5). Concerning
downstaging, ¢T4 and SFA loss were strongly correlated with
poor downstaging (Figure 5). In multivariate logistic regression
analysis, post-NCRT low SFA (OR 3.425, 95% CI 1.392-8.427, p
= 0.007) and SFA loss (OR 3.358, 95% CI 1.214-9.289, p = 0.02)
remained significantly associated with TRG and downstaging,
respectively. Detailed data are shown in Tables 3, 4.

DISCUSSION

We used CT-based pre- and post-NCRT body composition
and change in body composition to explore potential markers
to predict short- and long-term complications, survival, and
tumor response. First, no significant change was observed
in body composition during NCRT. Second, we found a
strong correlation between nutritional status and specific body
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TABLE 3 | Multivariate logistic regression analysis for TRG in LARC patients.

TABLE 4 | Multivariate logistic regression analysis for downstaged LARC patients.

Variables Score N Variables Score N
Multivariate Multivariate
OR (95%Cl) P-value OR (95%Cl) P-value
cT cT2-3 98 1) - cT cT2-3 98 1() -
cT4 24 3.801 (1.413-10.224) 0.008 cT4 24 5.003 (1.765-14.188) 0.002
Tumor location Mid-High 83 10) - Tumor size <4cm 33 1() -
Low 39 2.666 (1.153-6.163) 0.022 >4cm 89 0.205 (0.112-1.600) 0.205
Post-High SFA Low 92 1(¢) - SFA change Normal 92 1) -
High 30 3.425 (1.392-8.427) 0.007 Loss 30 3.358 (1.214-9.289) 0.020

OR, odds ratio; Cl, confidence interval; cT, clinical T stage; SFA, subcutaneous fat area.
The bold values represent P<0.05.

composition parameters. Third, we found that pre-NCRT MD
and TAFA loss significantly correlated with short- and long-term
ileus, respectively. Fourth, we found that pre-NCRT low SMA
was an independent risk factor for both DFS and CSS through
Cox regression analysis. Finally, through logistic regression,
we found that subcutaneous fat tissue and its change during
NCRT were independent risk factors for TRG and downstaging,
respectively. This study demonstrated that specific indicators of
body composition are promising predictors of specific types of
complications, survival, and tumor response in LARC patients.

In previous studies, BMI was widely adopted to predict the
postoperative short- and long-term outcomes of cancer patients
because it is relatively easy to collect in large studies; however,
it is also well known to be a less effective measure of body
composition, overlooking the role of sex and the proportions
of muscle and fat tissue (18-20). Our findings also reflect the
same phenomenon as previous studies, as BMI showed weak
correlations with survival and tumor response. Conversely, in
our study, body composition showed a good ability to predict
postoperative complications, survival, and tumor response in
LARC patients. Additionally, abdominal CT examinations are
routinely performed pre- and post-NCRT, confirming that body
composition is a better standard parameter for LARC patients.
CT-based body composition analyses have been performed in the
clinic in the European population for decades, and a common
cutoft value for body composition is well defined. However,
the body composition of the Asian population is significantly
different from that of the European population. The optimal
cutoft value for body composition in the Asian population is
still unclear. Miyamoto et al. found that the sex-specific quartile
cutoff value of body composition was suitable for the Asian
population, and skeletal muscle depletion according to this cutoff
value was closely correlated with high mortality in colorectal
cancer (27). For practical reasons to improve discrimination, we
dichotomized our patients into different groups according to the
sex-specific quartile value.

Sheikhbahaei et al. reported that prostate cancer patients
suffer from a significant reduction in muscle mass and an increase
in subcutaneous adiposity during NCRT (29). Interestingly, no
apparent change in body composition was observed in our study,
which is consistent with the findings of Chung et al.’s and De

OR, odds ratio; Cl, confidence interval; cT, clinical T stage; SFA, subcutaneous fat area.
The bold values represent P<0.05.

Nardi et al.’s study in LARC patients (25, 30). This is probably due
to the difference in the timing of post-NCRT imaging. In Chung
et al’s, De Nardi et al.’s and our study, all patients underwent
post-NCRT imaging 4-12 weeks after NCRT compared with 3-
12 months in Sheikhbahaei et al.’s study. This finding indicates
no significant difference in body composition in the population
receiving neoadjuvant therapy in a short period.

Recently, a study of 1,630 stage I to III colon cancer
patients indicated that low SMA and low MD were associated
with a longer length of stay and a higher risk of postsurgical
complications (31). A published study by Heus et al. that
measured visceral obesity at L3-L4 of the preoperative CT scan
demonstrated that VFA >100 cm? was associated with a higher
occurrence of complications in patients with advanced ovarian
cancer undergoing cytoreductive surgery (32). These studies all
suggested that body composition parameters might be promising
predictors of postsurgical complications in cancer patients.
However, these findings were restricted to complications within
30 days after surgery, and the correlation between long-term
postoperative morbidity and body composition remains unclear.
Hence, we comprehensively analyzed the relationship between
body composition and short- and long-term complications. Pre-
NCRT low MD was correlated with a higher incidence of short-
term ileus in LARC patients, while TAFA loss was correlated
with a higher incidence of long-term ileus. However, we did not
find an association between muscle mass and short- and long-
term complications. In line with our results, Chung et al. and De
Nardi et al. also showed no association between skeletal muscle
and postoperative complications, and explained that due to the
shorter gap between CT scans and surgery (25, 30). The change
in muscle mass was not been observed in that short gap, thus
significant impact on muscle mass in complications could not
be observed.

To explore the relationship between body composition and
prognosis in LARC, we conducted a multivariate analysis of
DFS and CSS. Pre-NCRT low SMA was an independent risk
factor for both DFS (HR 2.611, 95% CI 1.129-6.040, p =
0.025) and CSS (HR 3.124, 95% CI 1.030-9.472, p = 0.044).
Patients with pre-NCRT low SMA had a significantly lower DFS
and CSS than normal patients, which was consistent with the
findings of previous studies on body composition (25, 33, 34).
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However, other adipose-based indicators did not show the same
phenomenon in our study, which indicated that obesity might
cause some difficulty in surgery and lead to a higher complication
rate (35), but obesity does not cause a decline in survival.
For patients with muscle depletion, it may be challenging to
tolerate the whole process of radiotherapy and chemotherapy,
resulting in a decrease in the treatment intensity of patients (10—
13). Furthermore, in our study, patients with pre-NCRT low
SMA were strongly correlated with low HB levels and high FIB
levels, indicating that pre-NCRT low SMA is closely associated
with malnutrition and inflammation in LARC patients. Cancer-
related inflammation and malnutrition are highly prevalent in
cancer patients and serve as vital survival predictors (8, 9). In
addition, skeletal muscle depletion underlines insulin resistance
and chronic inflammation in breast cancer, leading to cancer
progression and poor survival (36). The above situation may
be the reason why pre-NCRT low SMA was associated with
unfavorable survival in our study.

To our knowledge, tumor response plays an essential role in
treating LARC patients (6), but there is still a lack of research on
the relationship between body composition and tumor response
in LARC. Recently, some researchers have started to focus
on this issue. Lin et al. established a novel model using pre-
NCRT MD and SMA loss that was proposed to predict the
tumor response in locally advanced gastric cancer with an area
under the curve of 0.764 (37). Omarini et al. reported that
visceral adiposity was closely involved in chemosensitivity in
breast cancer, and high VFA was a negative predictive factor
for pathological complete response (38). However, De Nardi
et al. reported that both SMA, SFA and VFA variation after
NCRT did not correlated to TRG in LARC (30). The lack of
significative in this study might be caused by the small sample
size, only 52 patients were included. Our results suggest that
post-NCRT SFA (OR 3.425, 95% CI 1.392-8.427, p = 0.007)
was an independent risk factor for TRG, while SFA loss (OR
3.358, 95% CI 1.214-9.289, p = 0.02) was an independent
risk factor for downstaging. The unfavorable impact of SFA
on TRG might be attributed to the following reasons. Fat
tissue, previously thought to only store and mobilize lipids, is
now gradually being recognized as a complex secretory organ
that can produce cytokines (interleukin-1, interleukin-6, and
tumor necrosis factor-a) (39), cause a systemic inflammatory
response and regulate FIB levels to cause NCRT resistance (40).
SFA loss reflects a rare condition called lipodystrophy, which
is associated with secondary metabolic resistance syndrome,
including hyperlipidemia and insulin resistance, and patients
with lipodystrophy are more prone to a reduced therapy effect
(41). This indicates that significant SFA loss may be a mechanism
underlying poor downstaging in patients with LARC who
underwent NCRT.

Some limitations exist in this study. First, this study was
a single-center retrospective study, so some selection bias
inevitably exists. Second, due to this study’s relatively small
sample size, some research endpoints only showed a tendency
related to body composition but did not show a significant
difference. More patients should be included in the future, and
the follow-up time should be extended to verify these findings.
Third, this study explored body composition at only two time

points, pre-NCRT and post-NCRT, without considering the
postoperative time point. Body composition changes over time.
It would be necessary to determine which specific time point may
accurately reflect the outcome of patients. Finally, we chose sex-
specific quartiles as a cutoff value according to a previous study.
Further studies may be needed to confirm our results to clarify
that this cutoff value is suitable for the Asian population.

In summary, this study is the first to comprehensively analyze
pre- and post-NCRT body composition parameters and the
change in body composition during NCRT and to assess their
relationships with short- and long-term complications, survival,
and tumor response in a homogenous group of patients with
LARC. A better understanding of CT-based body composition
may be key to optimizing patient conditions and allowing more
accurate preoperative risk stratification.

CONCLUSION

In conclusion, CT-based body composition parameters could
predict short- and long-term complications, long-term survival,
and tumor response in LARC. Of importance, pre-NCRT SMA
status has significant prognostic value for individuals with LARC.
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Background: Skeletal muscle mass deterioration is common in gastric cancer (GC)
patients and is linked to poor prognosis. However, information regarding the effect of
skeletal muscle mass changes in the postoperative period is scarce. This study was
to investigate the link between postoperative loss of skeletal muscle mass and survival
following GC surgery.

Methods: Patients who underwent GC surgery between January 2015 and December
2016 were recruited into the study. Computed tomography at L3 vertebral level was
used to examine skeletal muscle index prior to surgery and about 6 months after surgery.
Skeletal muscle index changes were categorized as presence or absence of >5% loss.
Overall survival (OS) and disease-free survival (DFS) were analyzed, and Cox proportional
hazard models used to identify their predictors.

Results: The study comprised of 318 gastric cancer patients of which 63.5% were
male. The group’s mean age was 58.14 + 10.77 years. Sixty-five patients experienced
postoperative skeletal muscle index loss >5% and had poorer OS (P = 0.004) and DFS
(P = 0.020). We find that postoperative skeletal muscle index loss > 5% predicts OS
[hazard ratio (HR): 2.769, 95% confidence interval (Cl): 1.865-4.111; P < 0.001] and
DFS (HR: 2.533, 95% CI: 1.753-3.659; P < 0.001).

Conclusions: Loss of skeletal muscle mass postoperatively is linked to poor survival
following GC surgery. Further studies are needed to determine whether stabilizing or
enhancing skeletal muscle mass after surgery improves survival.

Keywords: muscle loss, gastric cancer, surgery, survival, prognosis

INTRODUCTION

While its incidence rate continues to decrease in most parts of the world, gastric cancer (GC)
accounts for the fifth common cancer and become the third leading cause of cancer-related death
worldwide (1, 2). GC is mostly diagnosed after it has progressed to an advanced stage, and as
such, has a low 5-year survival (3). Surgical resection is the most effective therapeutic intervention
against GC (4). However, despite advances in operative techniques and perioperative care, GC
prognosis after surgery remains poor (5). Numerous studies have shown that cancer prognosis is
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conditioned not only by non-modifiable tumor-specific factors
such as histology and stage but also modifiable patient-
individual factors such as performance status (i.e., patients
physical functioning associated with activities of daily life) and
body composition (6-8). Thus, timely identification of these
modifiable factors is needed for effective targeted interventions
and improved prognosis.

Examination of body composition and its influence on cancer
outcomes has drawn growing interest in surgical oncology.
Notably, loss of skeletal muscle mass has cancer prognostic
value (6-8). Preoperative reduction in skeletal muscle mass is
related to poor prognosis after surgical treatment of various
cancers, including GC (9-11). Identifying skeletal muscle
mass preoperative loss is prognostic and may allow timely
therapeutic intervention for better GC outcomes. However,
GC patients are often malnourished before surgery, and
their malnutrition is often worsened by various factors like
postoperative chemotherapy and reduced stomach volume (12).
Significant postoperative weight loss has been reported after
GC surgery (13, 14), suggesting that muscle wasting might
occur in the postoperative period. We have recently reported
that after GC surgery, reduced skeletal muscle mass occurs in
3 months after hospital discharge (15). Postoperative skeletal
muscle mass has also been reported to negatively impact survival
after digestive tract cancer surgeries, including pancreatic,
colorectal, and esophageal cancer (7, 16, 17). However, as
far as we know, earlier studies mainly concentrated on
the influence of preoperative skeletal muscle mass loss on
postsurgical GC prognosis. Thus, it is unclear whether the
loss of skeletal muscle postoperatively is a risk factor for poor
GC prognosis after surgery. If this were the case, then serial
assessment of skeletal muscle mass postoperatively may guide
efficient interventions.

Here, we aimed to assess postoperative changes in skeletal
muscle mass using computed tomography (CT) after GC surgery
and to determine whether these changes affect overall and
disease-free survival.

MATERIALS AND METHODS
Study Population

Patients aged > 18 years, who underwent GC surgery between
January 2015 and December 2016 at the Department of
General Surgery/Shanghai Clinical Nutrition Research Center,
Zhongshan Hospital, Fudan University, China, were recruited
into the study from our prospective clinical database. Patients
under palliative or emergency surgery were excluded from
the study. Our institutional ethics committee provided ethical
approval for the study, which was conducted based on the
Declaration of Helsinki ethical standards.

Assessment of Skeletal Muscle Mass

We utilized routine patient abdominal CT scans to examine
skeletal muscle mass, as we previously described (18). The
CT images used were either contrast-enhanced or unenhanced
multiphase acquisitions, 5mm thick. Two adjacent CT images

at L3 vertebral levels in the same series were chosen in the
non-contrast phase. Next, total skeletal muscle area (SMA)
was quantified using Image]2 software (The National Institutes
of Health, Washington, MD, USA) between —29 to +150
Hounsfield units (HU) for skeletal muscle on both slices, and
the average SMA reported. Skeletal muscle index (SMI) was
computed using the formula: SMI = SMA/height?, expressed
in cm?/m?. Anonymized CT images were analyzed by an
experienced study evaluator who was not aware of the order of
images. All included patients underwent abdominal CT scans
within 7 days before surgery and about 6 months after surgery,
and SMI changes were calculated. Because skeletal muscle
losses > 5% have previously been associated with poor clinical
outcomes, including short survival in cancer treatment (19), we
used this cutoff threshold to define the postoperative loss of
skeletal muscle mass by grouping patients as SMI loss > 5% or
SMI loss < 5%.

Data Collection

The clinical data collected included demographics, preoperative
characteristics [including BMI (body mass index), ECOG
(eastern cooperative oncology group) performance status, serum
hemoglobin and albumin level, and comorbidities], operative
and pathologic features [including tumor location, type of
resection, type of reconstruction, histology, and cancer stage
based on the 8th AJCC (American joint committee on
cancer) edition], postoperative characteristics (postoperative
hospital stay, postoperative complications examined based on
the Dindo and Clavien classification), number of patients
needing chemotherapy, and chemotherapy tolerance (defined
as chemotherapy modification including dose reduction, delay,
or termination, and evaluated using a dichotomous scale of
absent vs. present) (20). Data on overall survival (OS) and
disease-free survival (DFS) were collected. In our prospective
clinical database, the follow-up period for all patients was
1-month post-surgery and after every 3 months, until
June 2020.

Statistical Analysis

Statistical analysis was done on SPSS 23.0 software (SPSS
Inc., Chicago, IL, USA). Continuous data are expressed as
mean =+ standard deviation (SD), whereas categorical data
are shown as percentages and numbers. Independent-samples
t-test or Mann-Whitney U test was employed to analyze
continuous variables. x2 test or the Fisher exact test was used
to compare categorical data. Kaplan-Meier analyses were used
to generate OS and DEFS curves. Variations in survival were
analyzed using the log-rank test. The impact of postoperative
skeletal muscle mass loss on survival was investigated using
Cox proportional hazard models. First, univariate analyses were
performed respectively for all potential variables that were chosen
based on clinical information. Multivariate analysis was then
done using Cox proportional backward stepwise procedure,
including all variables with P < 0.05 in the univariate analysis.
P < 0.05 indicates statistical significance.
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TABLE 1 | Patient demographic and clinical characteristics according to postoperative skeletal muscle mass loss.

Characteristics Total SMl loss > 5% SMl loss < 5% P-value
(n =318) (n = 65) (n = 253)
Gender 0.284
Male 202 (63.5) 45 (69.2) 157 (62.1)
Female 116 (36.5) 20 (30.8) 96 (37.9)
Age (years), mean + SD 58.14 £ 10.77 60.86 + 10.73 57.45 + 10.68 0.022
Diabetes 21 (6.6) 6(9.2) 15 (5.9) 0.399
Respiratory comorbidity 17 (56.3) 3(4.6) 14 (5.5) 1.000
Cardiovascular comorbidity 58 (18.2) 13 (20) 45 (17.8) 0.680
Serum albumin (g/L), mean + SD 38.46 £ 4.79 37.54 £ 4.47 38.69 £+ 4.85 0.083
Serum hemoglobin (g/L), mean + SD 122.72 £ 23.58 119.46 +£ 21.77 123.56 £+ 23.99 0.212
Preoperative BMI (kg/m?), mean + SD 22.29 + 3.38 21.61 +£3.29 22.47 + 3.38 0.067
Preoperative SMI (cm?/m?2), mean =+ SD 42.60 + 5.23 41.71 £ 5.34 42.82 +5.18 0.124
Preoperative ECOG performance status 0.549
0 261 (82.1) 55 (84.6) 206 (81.4)
1 57 (17.9) 10 (15.4) 47 (18.6)
Tumor location 0.816
Upper 70 (22.0) 15 (23.1) 55 (21.7)
Not upper 248 (78.0) 50 (76.9 198 (78.3)
Type of resection 0.596
Total gastrectomy 99 (31.1) 22 (33.8) 77 (30.4)
Subtotal gastrectomy 219 (68.9) 43 (66.2) 176 (69.6)
Type of reconstruction 0.741
Billroth | 121 (38.1) 26 (40.0) 95 (37.5)
Billroth Il 69 (21.7) 11 (16.9) 58 (22.9)
Roux-en-Y 117 (36.8) 26 (40.0) 91 (36.0)
Other 11 (3.5) 2 (3.1) 9(3.6)
Histology 0.793
Undifferentiated 113 (35.5) 24 (36.9 89 (35.2)
Differentiated 205 (64.5) 41 (63.1) 164 (64.8)
AJCC stage 0.010
| 79 (24.8) 12 (18.5) 67 (26.5)
Il 115 (36.2) 17 (26.2) 98 (38.7)
1l 124 (39.0) 36 (55.4) 88 (34.8)
Postoperative any complication 56 (17.6) 17 (26.2) 39 (15.4) 0.043
Postoperative hospital stay (days), 9.48 +£2.17 9.72 +£ 2.50 9.42 +2.08 0.314
mean + SD
Postoperative chemotherapy 216 (67.9) 51(78.5 165 (65.2) 0.041
Chemotherapy modification 73 (23.0) 23 (35.4) 50 (19.8) 0.008

Values are presented as n (%) unless otherwise stated. Bold values indicate statistical significant.
SD, standard deviation; BMI, body mass index; SMI, skeletal muscle index; AJCC, American Joint Committee on Cancer; ECOG, Eastern Cooperative Oncology Group.

RESULTS
Patient Characteristics

Of the 363 patients who consecutively underwent curative
GC surgery from January 2015 to December 2016, 318
patients (63.5% male, mean age 58.14 years) met the inclusion
criteria. 65 patients exhibited SMI losses > 5%, while 253
had SMI losses < 5%. Participant characteristics are shown
on Tablel. The groups with > 5% SMI loss and the one
with < 5% SMI loss were similar with regards to gender,
diabetes, respiratory and cardiovascular comorbidity, serum
albumin and hemoglobin, preoperative BMI, preoperative

SMI, preoperative ECOG performance status, tumor location,
type of resection, type of reconstruction, histology, and
postoperative hospital stay (P > 0.05). However, > 5% loss
significantly correlated with advanced age (60.86 £ 10.73
vs. 57.45 £ 10.68 years, P = 0.022), higher incidence of
postoperative complications (26.2 vs. 15.4%; P 0.043),
higher rates of postoperative chemotherapy (78.5 vs. 65.2%;
P = 0.041), and chemotherapy modification including dose
reduction, delay, or termination (35.4 vs. 19.8%; P = 0.008).
Moreover, AJCC stage differed significantly between the two
groups (P = 0.010).
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FIGURE 1 | Overall survival according to postoperative skeletal muscle mass
loss.

Effects of Postoperative Skeletal Muscle

Mass Loss on Overall Survival

During follow-up, patients who exhibited > 5% SMI loss showed
significantly lower OS relative to those with < 5% SMI loss (40.0
vs. 56.1%; P = 0.004) (Figure 1). Univariate and multivariate
analyses were used to identify factors influencing OS following
GC curative surgery (Table 2). Univariate analysis revealed the
following factor as significantly-associated with poor OS: age >
65 years [hazard ratio (HR) = 1.638, 95% confidence interval
(CI) = 1.160-2.314; P = 0.005], hypoproteinemia (HR = 1.501,
95% CI = 1.035-2.328; P = 0.043), preoperative SMI (HR =
2.546, 95% CI = 1.774-3.653; P < 0.001), histology (HR = 1.500,
95% CI = 1.083-2.078; P = 0.015), AJCC stage (II vs. I: HR
= 6.355, 95% CI = 3.719-10.859; P < 0.001; III vs. I: HR =
6.930, 95% CI = 4.200-11.435; P < 0.001), postoperative any
complication (HR = 1.494, 95% CI = 1.011-2.209; P = 0.044),
postoperative chemotherapy (HR = 1.619, 95% CI = 1.117-
2.348; P = 0.011), chemotherapy modification (HR = 1.545,
95% CI = 1.081-2.207; P = 0.017), and SMI loss > 5% (HR =
1.693, 95% CI = 1.175-2.439; P = 0.005). Multivariate analysis
identified the following factors as independently correlating with
poor OS: age >65 years (HR = 1.616, 95% CI = 1.130-2.311; P
= 0.009), preoperative SMI (HR = 2.187, 95% CI = 1.491-3.208;
P < 0.001), AJCC stage (II vs. I: HR = 6.106, 95% CI = 3.504-
10.641; P < 0.001; ITI vs. I: HR = 8.840, 95% CI = 5.231-14.938;
P < 0.001), chemotherapy modification (HR = 1.498, 95% CI =
1.079-2.325; P = 0.032), and SMI loss > 5% (HR = 2.769, 95%
CI =1.865-4.111; P < 0.001).

Effects of Postoperative Loss of Skeletal

Muscle Mass on Disease-Free Survival
In the course of follow-up, patients who exhibited > 5% SMI loss
showed considerably lower DFS rates relative to those with < 5%

SMI loss (33.8 vs. 46.2%; P = 0.020) (Figure 2). Univariate and
multivariate analyses were used to identify factors influencing
DFS following GC curative surgery (Table 3). Univariate analysis
revealed the following factors as significantly correlating with
poor DFS: hypoproteinemia (HR = 1.401, 95% CI = 1.022-1.922;
P = 0.036), preoperative SMI (HR = 2.348, 95% CI = 1.675-
3.290; P < 0.001), histology (HR = 1.774, 95% CI = 1.319-2.388;
P < 0.001), AJCC stage (IT vs. I: HR = 12.511, 95% CI = 7.524-
20.804); P < 0.001; I vs. I: HR = 8.525,95% CI = 5.237-13.878;
P < 0.001), postoperative any complication (HR = 1.854, 95% CI
= 1.307-2.629; P = 0.001), chemotherapy modification (HR =
1.513,95% CI = 1.032-1.975; P = 0.019), and > 5% SMI loss (HR
= 1.492, 95% CI = 1.058-2.102; P = 0.022). Multivariate analysis
identified preoperative SMI (HR = 1.953, 95% CI = 1.369-2.786;
P < 0.001), AJCC stage (IT vs. I: HR = 11.726, 95% CI = 6.983-
19.690; P < 0.001; III vs. I: HR = 10.096, 95% CI = 6.091-16.735;
P < 0.001), chemotherapy modification (HR = 1.403, 95% CI =
1.006-1.879; P = 0.041), and SMI loss > 5% (HR = 2.533, 95%
CI = 1.753-3.659; P < 0.001) as independently correlated with
poor DES.

DISCUSSION

To our best knowledge, this study was the first report suggesting
that postoperative loss of skeletal muscle mass negatively
influences OS and DEFS in patients following GC surgery. These
findings may guide clinicians on the optimal use of prophylactic
strategies to reduce postoperative skeletal muscle mass loss,
aiming to improve GC outcomes after surgery.

Even though there has been a significant advancement in
nutritional support therapy, surgical techniques, and increased
recovery rates following surgery, GC surgery is still associated
with high malnutrition risk as a result of gastrointestinal
complications and reduced food intake. These problems are
exacerbated by chronic comorbidities, unintentional weight loss
prior to surgery, and postoperative chemotherapy (12). Poor
nutrition is linked to poor clinical outcomes, which mainly
include increased morbidity and mortality, as well as decreased
survival (21-23). Thus, the management of malnutrition is
critical for GC treatment and prognosis. Recently, loss of skeletal
muscle mass emerged as a prognostic indicator in various cancers
during surgery (6-11). However, studies conducted previously
primarily focused on the effects of preoperative skeletal muscle
mass loss after gastric cancer surgery, and it is unclear whether
postoperative skeletal muscle mass loss affects post-GC surgery
prognosis. Additionally, postoperative skeletal muscle mass loss
negatively impacts survival after digestive tract surgery due to the
pancreatic, colorectal, and esophagus cancers (7, 16, 17). Here,
we sought to examine skeletal muscle mass postoperative changes
after GC surgery and to determine whether these changes affect
OS and DFS.

A standard technique for measuring skeletal muscle
mass is lacking. Different methods like dual-energy X-ray
absorptiometry and CT scanning, are applied to quantitatively
measure skeletal muscle mass in clinical practice and research
(24). Of the widely used techniques, CT scan has emerged
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TABLE 2 | Univariate and multivariate analyses of prognostic factors for overall survival.

Univariate analysis

Multivariate analysis

HR (95% CI) P-value HR (95% CI) P-value

Gender

Male vs. female 1.118 (0.763-1.639) 0.567
Age, years

> 65vs. < 65 1.638 (1.160-2.314) 0.005 1.616 (1.130-2.311) 0.009
Diabetes

Yes vs. no 1.572 (0.890-2.777) 0.120
Respiratory comorbidity

Yes vs. no 1.329 (0.587-3.008) 0.495
Cardiovascular comorbidity

Yes vs. no 1.066 (0.714-1.591) 0.754
Hypoproteinemia

Yes vs. no 1.501 (1.035-2.328) 0.043 1.432 (0.975-1.072) 0.097
Anemia

Yes vs. no 1.188 (0.783-1.802) 0.417
Preoperative BMI, kg/m?

< 18.5vs. 18.5-25 1.138 (0.704-1.839) 0.598

> 25vs. 18.5-25 1.052 (0.700-1.582) 0.808
Preoperative SMI, cm?/m?

< 43.13 for men or < 37.81 for women 2.546 (1.774-3.653) < 0.001 2.187 (1.491-3.208) < 0.001

vs. > 43.13 for men or > 37.81 for women?
Preoperative ECOG performance status

1vs.0 1.223 (0.887-1.687) 0.220
Tumor location

Upper vs. not upper 1.066 (0.721-1.575) 0.750
Type of resection

Total vs. subtotal 1.230 (0.874-1.730) 0.235
Histology

Undifferentiated vs. differentiated 1.500 (1.083-2.078) 0.015 1.098 (0.773-1.559) 0.601
AJCC stage

llvs. | 6.355 (3.719-10.859) < 0.001 6.106 (3.504-10.641) < 0.001

lllvs. | 6.930 (4.200-11.435) < 0.001 8.840 (5.231-14.938) < 0.001
Postoperative any complication

Yes vs. no 1.494 (1.011-2.209) 0.044 1.193 (0.797-1.786) 0.390
Postoperative chemotherapy

Yes vs. no 1.619 (1.117-2.348) 0.011 1.229 (0.823-1.836) 0.314
Chemotherapy modification

Yes vs. no 1.545 (1.081-2.207) 0.017 1.498 (1.079-2.325) 0.032
SMil loss

>5%vs. < 5% 1.693 (1.175-2.439) 0.005 2.769 (1.865-4.111) < 0.001

Bold values indicate statistical significant.

HR, hazard ratio; Cl, confidence interval; BMI, body mass index; SMI, skeletal muscle index; ECOG, Eastern Cooperative Oncology Group.
aThis cut point was based on the recent study showing that SMI < 43.13 cm?/m? for men or < 37.81 cm?/m? for women was associated with poor surgical and oncologic outcomes

after gastrointestinal cancer surgery (18).

as a reliable method of skeletal muscle mass measurement
(25-27). Cross-sectional areas of skeletal muscle tissue on
single CT slices at L3 vertebral levels have been shown to
strongly correlate with total body skeletal muscle tissue. CT
images provide objective quantitative measures of skeletal
muscle mass via SMI calculation (28-30). Thus, the assessment
of skeletal muscle mass using CT scan at L3 vertebral levels

combined with SMI calculation is increasingly used to examine
the impact of preoperative skeletal muscle mass changes on
clinical outcomes after digestive tract cancer surgery (18, 31, 32).
Here, we used CT scan to measure skeletal muscle mass before
and approximately 6 months after surgery and calculated SMI
changes. We considered > 5% skeletal muscle loss indicative
of significant postoperative skeletal muscle mass loss, since
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FIGURE 2 | Disease-free survival according to postoperative skeletal muscle
mass loss.

it has been previously associated with poor clinical outcomes,
including short survival with cancer treatment. Our data revealed
65 of 318 patients as having > 5% SMI loss in the 6 months
after GC surgery. > 5% SMI loss significantly correlated with
older age, higher incidence of postoperative complications,
and higher postoperative chemotherapy and chemotherapy
modification (like dose reduction, delay/termination). There
was a significant difference in AJCC stage between the two
groups. However, the > 5% SMI loss group was comparable
to the < 5% SMI loss group with regards to gender, diabetes,
respiratory and cardiovascular comorbidity, serum albumin and
hemoglobin, preoperative BMI, preoperative SMI, preoperative
ECOG performance status, tumor location, type of resection,
type of reconstruction, histology, and postoperative hospital
stay. These indicate that the > 5% SMI loss criteria used in
this study represents significant postoperative skeletal muscle
mass loss after GC surgery. Moreover, skeletal muscle mass
measurement using abdominal CT scans can be employed to
postoperatively evaluate patients, as abdominal CT scans are
regularly used, inexpensive, and easy to execute during follow up
after GC surgery.

Regarding the survival following cancer surgery, it always
receives a significant concern for the prognostic gain following
oncologic surgery. Studies have mainly evaluated the association
between skeletal muscle mass loss and survival postoperatively.
Here, we primarily assessed the effect of postoperative skeletal
muscle mass loss on OS and DFS after GC surgery. Our
data show that postoperative skeletal muscle mass loss
significantly correlates with lower OS and DFS following
GC surgery. Multivariate analyses reveal that it is an unfavorable
prognostic indicator of disease-free survival. These findings
are consistent with previous reports on surgical treatment of
other gastrointestinal cancers (7, 16, 17, 33, 34), indicating

independent relationship between skeletal muscle mass loss
postoperatively and cancer endpoints. Although we did not
examine the reasons underlying the strong link between
postoperative skeletal muscle mass loss and survival, we
speculate that it may be due to multiple factors, including
poor tolerability of systemic chemotherapy. Previous studies,
including our recent one on digestive cancer surgery, show that
loss of skeletal muscle mass may reduce the ability to tolerate
systemic chemotherapy. Thus, patients exhibiting low skeletal
muscle mass are more likely to experience extreme treatment-
associated toxicities, leading to fewer completed chemotherapy
cycles (18, 26, 35). Here, postoperative skeletal muscle mass
loss was related to more chemotherapy modifications, like dose
reduction, delay/termination, and was identified as a risk factor
for poor OS and DEFS following GC surgery. This could lead
to poorer disease control and low survival. Nevertheless, these
findings highlight the importance of identifying skeletal muscle
mass loss after surgery because it allows prophylactic strategies
including the use of proper nutritional support therapy and
physical exercise aiming to reduce postoperative skeletal muscle
mass loss.

We acknowledge the following limitations in our study.
First, our analysis did not examine nutritional intake and
physical activity, which are linked to skeletal muscle mass and
may affect survival (36). The inclusion of these data would
more comprehensively highlight the causal link between skeletal
muscle mass loss and poor survival. Secondly, being a single-
center study, it may exaggerate the impact of postoperative
skeletal muscle mass loss on survival. Thus, there is a need
to conduct international multicenter studies to verify these
findings. Thirdly, recent evidence indicates that both low skeletal
muscle mass and decreased skeletal muscle function influence
clinical outcomes (37, 38). However, our study did not capture
data on skeletal muscle functions like grip strength/walking
speed because of the retrospective design of the study cohort.
Further research should evaluate both skeletal muscle mass
and function, to evidently reveal the effect of skeletal muscle
changes on cancer patients post-surgery. Finally, there were
apparent differences in participant characteristics between the
two groups, such as AJCC stage, which may affect OS and
DFS. The Propensity Score Matching will be conducted to
comprehensively answer the question regarding the impact
of postoperative loss of skeletal muscle mass on survival
after GC surgery. In addition, the univariate and multivariate
analyses of risk factors affecting OS and DFS in our study
are of great significance, and due to the confounding factors,
the significance of OS and DFS in patients with different
skeletal muscles is unclear and unreliable. Thus, we will
include the related analysis in our future studies in this field
of research.

In this study, our data show that postoperative skeletal muscle
mass loss negatively affects survival and that it has a strong,
independent, prognostic value after GC surgery. Identification of
postoperative skeletal muscle mass loss by abdominal CT imaging
after GC surgery and targeted approaches to reduce postoperative
skeletal muscle mass loss may improve GC outcomes.
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TABLE 3 | Univariate and multivariate analyses of prognostic factors for disease-free survival.

Univariate analysis

Multivariate analysis

HR (95% CI) P-value HR (95% CI) P-value
Gender
Male vs. female 1.217 (0.861-1.721) 0.265
Age, years
> 65vs. < 65 1.327 (0.679-1.875) 0.158
Diabetes
Yes vs. no 1.641 (0.967-2.785) 0.067
Respiratory comorbidity
Yes vs. no 1.358 (0.717-2.570) 0.348
Cardiovascular comorbidity
Yes vs. no 1.045 (0.722-1.512) 0.816
Hypoproteinemia
Yes vs. no 1.401 (1.022-1.922) 0.036 1.225 (0.879-1.709) 0.231
Anemia
Yes vs. no 1.371 (0.926-2.0292) 0.115
Preoperative BMI, kg/m?
< 18.5vs. 18.5-25 1.021 (0.648-1.609) 0.928
> 25vs. 18.5-25 0.994 (0.685-1.442) 0.975
Preoperative SMI, cm?/m?
< 43.13 for men or < 37.81 for women 2.348 (1.675-3.290) < 0.001 1.953 (1.369-2.786) < 0.001
vs. > 43.13 for men or > 37.81 for women?
Preoperative ECOG performance status
1vs.0 1.111 (0.827-1.493) 0.485
Tumor location
Upper vs. not upper 1.063 (0.745-1.516) 0.735
Type of resection
Total vs. subtotal 1.316 (0.964-1.794) 0.083
Histology
Undifferentiated vs. differentiated 1.774 (1.319-2.388) < 0.001 1.307 (0.962-1.776) 0.087
AJCC stage
llvs. | 12.511 (7.524-20.804) < 0.001 11.726 (6.983-19.690) < 0.001
lllvs. | 8.525 (5.237-13.878) < 0.001 10.096 (6.091-16.735) < 0.001
Postoperative any complication
Yes vs. no 1.854 (1.307-2.629) 0.001 1.371 (0.954-1.970) 0.088
Postoperative chemotherapy
Yes vs. no 1.314 (0.948-1.822) 0.101
Chemotherapy modification
Yes vs. no 1.513 (1.032-1.975) 0.019 1.403 (1.006-1.879) 0.041
SMl loss
> 5% vs. < 5% 1.492 (1.058-2.102) 0.022 2.533 (1.753-3.659) < 0.001

Bold values indicate statistical significant.

HR, hazard ratio; Cl, confidence interval; BMI, body mass index; SMI, skeletal muscle index; ECOG, Eastern Cooperative Oncology Group.
aThis cut point was based on the recent study showing that SMI < 43.13 cm?/m? for men or < 37.81 cm?/m? for women was associated with poor surgical and oncologic outcomes

after gastrointestinal cancer surgery (18).

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 Zhongshan Hospital Fudan University. The

patients/participants provided their written informed consent to
participate in this study.

AUTHOR CONTRIBUTIONS

GW supervised the entire project and ST designed the study. QZ,
77, SL, JX, JW, YZ, QX, QM, and Y] performed data collection.
QZ and ZZ conducted data analyses. ST wrote and revised the

Frontiers in Nutrition | www.frontiersin.org

February 2022 | Volume 9 | Article 794576


https://www.frontiersin.org/journals/nutrition
https://www.frontiersin.org
https://www.frontiersin.org/journals/nutrition#articles

Tan et al.

Postoperative Muscle Loss After Surgery

manuscript. All authors critically reviewed and approved the
final manuscript.

FUNDING

This study was sponsored by Clinical Research Special
Fund of Zhongshan  Hospital, Fudan  University
(2020ZSLC17) and Construction Program of Key but

REFERENCES

1. BrayF Ferlay ], Soerjomataram I, Siegel RL, Torre LA, Jemal A. Global cancer
statistics 2018: GLOBOCAN estimates of incidence and mortality worldwide
for 36 cancers in 185 countries. CA Cancer ] Clin. (2018) 68:394-424.
doi: 10.3322/caac.21492

2. Arnold M, Park JY, Camargo MC, Lunet N, Forman D, Soerjomataram
I. Is gastric cancer becoming a rare disease? a global assessment
of predicted incidence trends to 2035. Gut. (2020) 69:823-9.
doi: 10.1136/gutjnl-2019-320234

3. Thrift AP, El-Serag HB. Burden of gastric cancer. Clin Gastroenterol Hepatol.
(2020) 18:534-42. doi: 10.1016/j.cgh.2019.07.045

4. Yu J, Huang C, Sun Y, Su X, Cao H, Hu J, et al. Effect of laparoscopic vs
open distal gastrectomy on 3-year disease-free survival in patients with locally
advanced gastric cancer: the CLASS-01 randomized clinical trial. JAMA.
(2019) 321:1983-92. doi: 10.1001/jama.2019.5359

5. Petrillo A, Pompella L, Tirino G, Pappalardo A, Laterza MM, Caterino M, et al.
Perioperative Treatment in Resectable Gastric Cancer: Current Perspectives
and Future Directions. Cancers. (2019) 11:399. doi: 10.3390/cancers11030399

6. Dolan RD, Almasaudi AS, Dieu LB, Horgan PG, McSorley ST, McMillan DC.
The relationship between computed tomography-derived body composition,
systemic inflammatory response, and survival in patients undergoing surgery
for colorectal cancer. J Cachexia Sarcopenia Muscle. (2019) 10:111-22.
doi: 10.1002/jcsm.12357

7. Basile D, Parnofiello A, Vitale MG, Cortiula F, Gerratana L, Fanotto V,
et al. The IMPACT study: early loss of skeletal muscle mass in advanced
pancreatic cancer patients. ] Cachexia Sarcopenia Muscle. (2019) 10:368-77.
doi: 10.1002/jcsm.12368

8. Huang CY, Yang YC, Chen TC, Chen JR, Chen Y], Wu MH, et al. Muscle loss
during primary debulking surgery and chemotherapy predicts poor survival in
advanced-stage ovarian cancer. ] Cachexia Sarcopenia Muscle. (2020) 11:534—
46. doi: 10.1002/jcsm.12524

9. Choi MH, Yoon SB, Lee K, Song M, Lee IS, Lee MA, et al. Preoperative
sarcopenia and post-operative accelerated muscle loss negatively impact
survival after resection of pancreatic cancer. J Cachexia Sarcopenia Muscle.
(2018) 9:326-34. doi: 10.1002/jcsm.12274

10. Lu J, Zheng ZF Li P, Xie JW, Wang JB, Lin JX, et al. A novel
preoperative skeletal muscle measure as a predictor of postoperative
complications, long-term survival and tumor recurrence for patients with
gastric cancer after radical gastrectomy. Ann Surg Oncol. (2018) 25:439-48.
doi: 10.1245/5s10434-017-6269-5

11. Shichinohe T, Uemura S, Hirano S, Hosokawa M. Impact of preoperative
skeletal muscle mass and nutritional status on short-and long-term outcomes
after esophagectomy for esophageal cancer: a retrospective observational
study: impact of psoas muscle mass and body mass on esophagectomy. Ann
Surg Oncol. (2019) 26:1301-10. doi: 10.1245/s10434-019-07188-z

12. OhSE, Choi MG, Seo JM, An]JY, Lee JH, Sohn TS, et al. Prognostic significance
of perioperative nutritional parameters in patients with gastric cancer. Clin
Nutr. (2019) 38:870-6. doi: 10.1016/j.clnu.2018.02.015

13. Hatao F, Chen KY, Wu JM, Wang MY, Aikou S, Onoyama H, et al
Randomized controlled clinical trial assessing the effects of oral nutritional
supplements in postoperative gastric cancer patients. Langenbecks Arch Surg.
(2017) 402:203-11. doi: 10.1007/s00423-016-1527-8

14. Kong SH, Lee HJ, Na JR, Kim WG, Han DS, Park SH, et al. Effect of
perioperative oral nutritional supplementation in malnourished patients

Weak Disciplines of Shanghai Health Commission-Clinical
Nutrition (2019ZB0105).

ACKNOWLEDGMENTS

ST expresses his deepest love, sincerest gratitude and endless miss
to his father, Mr. Weilong Tan, for his cultivating parenting and
always encouraging during his life and work.

who undergo gastrectomy: a prospective randomized trial. Surgery. (2018)
164:1263-70. doi: 10.1016/j.surg.2018.05.017

15. Meng Q, Tan S, Jiang Y, Han J, Xi Q, Zhuang Q, et al. Post-discharge oral
nutritional supplements with dietary advice in patients at nutritional risk
after surgery for gastric cancer: a randomized clinical trial. Clin Nutr. (2020)
40:40-6. doi: 10.1016/j.cInu.2020.04.043

16. Brown JC, Caan BJ, Meyerhardt JA, Weltzien E, Xiao J, Cespedes Feliciano
EM, et al. The deterioration of muscle mass and radiodensity is prognostic
of poor survival in stage I-III colorectal cancer: a population-based
cohort study (C-SCANS). J Cachexia Sarcopenia Muscle. (2018) 9:664-72.
doi: 10.1002/jcsm.12305

17. Takahashi K, Watanabe M, Kozuki R, Toihata T, Okamura A, Imamura Y,
et al. Prognostic significance of skeletal muscle loss during early postoperative
period in elderly patients with esophageal cancer. Ann Surg Oncol. (2019)
26:3727-35. doi: 10.1245/s10434-019-07616-0

18. Zhang S, Tan S, Jiang Y, Xi Q, Meng Q, Zhuang Q, et al. Sarcopenia as a
predictor of poor surgical and oncologic outcomes after abdominal surgery
for digestive tract cancer: A prospective cohort study. Clin Nutr. (2019)
38:2881-8. doi: 10.1016/j.cInu.2018.12.025

19. Lee ], Lin JB, Wu MH, Jan YT, Chang CL, Huang CY, et al. Muscle
radiodensity loss during cancer therapy is predictive for poor survival in
advanced endometrial cancer. ] Cachexia Sarcopenia Muscle. (2019) 10:814-
26. doi: 10.1002/jcsm.12440

20. Blauwhoff-Buskermolen S, Versteeg KS. de van der Schueren MA, den
Braver NR, Berkhof J, Langius JA, et al. Loss of Muscle Mass During
Chemotherapy Is Predictive for Poor Survival of Patients With Metastatic
Colorectal Cancer. J Clin Oncol. (2016) 34:1339-44. doi: 10.1200/JCO.2015.
63.6043

21. Fujiya K, Kawamura T, Omae K, Makuuchi R, Irino T, Tokunaga M, et al.
Impact of malnutrition after gastrectomy for gastric cancer on long-term
survival. Ann Surg Oncol. (2018) 25:974-83. doi: 10.1245/510434-018-6342-8

22. Li YE Nie RC, Wu T, Li SM, Chen S, Wang W, et al. Prognostic value of the
nutritional risk screening 2002 scale in metastatic gastric cancer: a large-scale
cohort study. J Cancer. (2019) 10:112-9. doi: 10.7150/jca.27729

23. Yang Y, Gao P, Song Y, Sun J, Chen X, Zhao J, et al. The prognostic nutritional
index is a predictive indicator of prognosis and postoperative complications
in gastric cancer: A meta-analysis. Eur ] Surg Oncol. (2016) 42:1176-82.
doi: 10.1016/j.€j50.2016.05.029

24. Buckinx F, Landi F, Cesari M, Fielding RA, Visser M, Engelke K, et al. Pitfalls in
the measurement of muscle mass: a need for a reference standard. J Cachexia
Sarcopenia Muscle. (2018) 9:269-78. doi: 10.1002/jcsm.12268

25. Poltronieri TS, de Paula NS, Chaves GV. Assessing skeletal muscle
radiodensity by computed tomography: an integrative review of the
applied methodologies. Clin Physiol Funct Imaging. (2020) 40:207-23.
doi: 10.1111/cpf.12629

26. Duan K, Gao X, Zhu D. The clinical relevance and mechanism of skeletal
muscle wasting. Clin Nutr. (2020) 40:27-37. doi: 10.1016/j.cInu.2020.07.029

27. Borggreve AS, den Boer RB, van Boxel GI, de Jong PA, Veldhuis WB,
Steenhagen E, et al. The predictive value of low muscle mass as measured
on ct scans for postoperative complications and mortality in gastric cancer
patients: a systematic review and meta-analysis. ] Clin Med. (2020) 9:199.
doi: 10.3390/jcm9010199

28. Viertel M, Bock C, Reich M, Léser S, Plauth M. Performance of CT-
based low skeletal muscle index, low mean muscle attenuation, and
bioelectric impedance derived low phase angle in the detection of an

Frontiers in Nutrition | www.frontiersin.org

February 2022 | Volume 9 | Article 794576


https://doi.org/10.3322/caac.21492
https://doi.org/10.1136/gutjnl-2019-320234
https://doi.org/10.1016/j.cgh.2019.07.045
https://doi.org/10.1001/jama.2019.5359
https://doi.org/10.3390/cancers11030399
https://doi.org/10.1002/jcsm.12357
https://doi.org/10.1002/jcsm.12368
https://doi.org/10.1002/jcsm.12524
https://doi.org/10.1002/jcsm.12274
https://doi.org/10.1245/s10434-017-6269-5
https://doi.org/10.1245/s10434-019-07188-z
https://doi.org/10.1016/j.clnu.2018.02.015
https://doi.org/10.1007/s00423-016-1527-8
https://doi.org/10.1016/j.surg.2018.05.017
https://doi.org/10.1016/j.clnu.2020.04.043
https://doi.org/10.1002/jcsm.12305
https://doi.org/10.1245/s10434-019-07616-0
https://doi.org/10.1016/j.clnu.2018.12.025
https://doi.org/10.1002/jcsm.12440
https://doi.org/10.1200/JCO.2015.63.6043
https://doi.org/10.1245/s10434-018-6342-8
https://doi.org/10.7150/jca.27729
https://doi.org/10.1016/j.ejso.2016.05.029
https://doi.org/10.1002/jcsm.12268
https://doi.org/10.1111/cpf.12629
https://doi.org/10.1016/j.clnu.2020.07.029
https://doi.org/10.3390/jcm9010199
https://www.frontiersin.org/journals/nutrition
https://www.frontiersin.org
https://www.frontiersin.org/journals/nutrition#articles

Tan et al.

Postoperative Muscle Loss After Surgery

29.

30.

31.

32.

33.

34.

35.

increased risk of nutrition related mortality. Clin Nutr. (2019) 38:2375-80.
doi: 10.1016/j.cInu.2018.10.018

Nakashima Y, Saeki H, Nakanishi R, Sugiyama M, Kurashige J, Oki E,
et al. Assessment of sarcopenia as a predictor of poor outcomes after
esophagectomy in elderly patients with esophageal cancer. Ann Surg. (2018)
267:1100-4. doi: 10.1097/SLA.0000000000002252

Zwart AT, van der Hoorn A, van Ooijen PMA, Steenbakkers R, de Bock
GH, Halmos GB. CT-measured skeletal muscle mass used to assess frailty
in patients with head and neck cancer. J Cachexia Sarcopenia Muscle. (2019)
10:1060-9. doi: 10.1002/jcsm.12443

Rinninella E, Cintoni M, Raoul P, Pozzo C, Strippoli A, Bria E, et al. Muscle
mass, assessed at diagnosis by L3-CT scan as a prognostic marker of clinical
outcomes in patients with gastric cancer: a systematic review and meta-
analysis. Clin Nutr. (2020) 39:2045-54. doi: 10.1016/j.clnu.2019.10.021

Tan S, Meng Q, Jiang Y, Zhuang Q, Xi Q, Xu J, et al. Impact of oral nutritional
supplements in post-discharge patients at nutritional risk following colorectal
cancer surgery: A randomised clinical trial. Clin Nutr. (2020) 40:47-53.
doi: 10.1016/j.cInu.2020.05.038

Kudou K, Saeki H, Nakashima Y, Kimura K, Ando K, Oki E, et al.
Postoperative skeletal muscle loss predicts poor prognosis of adenocarcinoma
of upper stomach and esophagogastric junction. World ] Surg. (2019) 43:1068-
75. doi: 10.1007/s00268-018-4873-6

Kudou K, Saeki H, Nakashima Y, Sasaki S, Jogo T, Hirose K, et al. Postoperative
development of sarcopenia is a strong predictor of a poor prognosis in patients
with adenocarcinoma of the esophagogastric junction and upper gastric
cancer. Am ] Surg. (2019) 217:757-63. doi: 10.1016/j.amjsurg.2018.07.003
Sealy MJ, Dechaphunkul T, van der Schans CP, Krijnen WP, Roodenburg
JLN, Walker J, et al. Low muscle mass is associated with early termination of
chemotherapy related to toxicity in patients with head and neck cancer. Clin
Nutr. (2020) 39:501-9. doi: 10.1016/j.cInu.2019.02.029

36. Abiri B, Vafa M. Nutrition and sarcopenia: a review of the evidence
of nutritional influences. Crit Rev Food Sci Nutr. (2019) 59:1456-66.
doi: 10.1080/10408398.2017.1412940

Chen L-K, Woo ], Assantachai P, Auyeung T-W, Chou M-Y, Iijima K,
et al. Asian working group for sarcopenia: 2019 consensus update on
sarcopenia diagnosis and treatment. ] Am Med Dir Assoc. (2020) 21:300-7.e2.
doi: 10.1016/j.jamda.2019.12.012

Cruz-Jentoft AJ, Bahat G, Bauer J, Boirie Y, Bruyére O, Cederholm

37.

38.

T, et al. Sarcopenia: revised European consensus on definition
and diagnosis. Age Ageing. (2019) 48:16-31. doi: 10.1093/ageing/
afy169

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
