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ABSTRACT

Purpose: Nutritional problems after gastrectomy affect continuation of postoperative
chemotherapy. There have been no studies limited to total gastrectomy, which is particularly
prone to nutritional problems. In this study, we aimed to investigate the factors that predict
the continuation of postoperative chemotherapy.

Materials and Methods: We included 101 patients who underwent curative total gastrectomy
and postoperative chemotherapy at Hiroshima Memorial Hospital. The effects of 37 factors,
including perioperative inflammatory, nutritional, and tumor status, on the persistence of
postoperative chemotherapy were analyzed.

Results: In univariate analysis of preoperative factors, age, carbohydrate antigen 19-9,
platelet-to-neutrophil ratio, Onodera's prognostic nutritional index (PNI), controlling
nutritional status score, and nutritional risk screening (NRS-2002) score were significantly
associated with the duration of postoperative chemotherapy. In multivariate analysis of
preoperative factors, age (>74 years) was an independent factor for a shorter duration

of postoperative chemotherapy (hazard ratio [HR], 5.24; 95% confidence interval [CI],
2.19-12.96; P<0.01). In univariate analysis of factors before postoperative chemotherapy,
intraoperative blood loss, perioperative weight loss rate, postoperative performance status,
PNI, albumin-to-bilirubin index, and NRS-2002 score were significantly associated with

the duration of postoperative chemotherapy. In multivariate analysis of factors before
postoperative therapy, age (274 years) (HR, 5.75; 95% CI, 1.90-19.49; P<0.01) and PNI (<39)
(HR, 3.29; 95% CI, 1.26-8.56; P=0.02) were independent factors for a shorter duration of
postoperative chemotherapy.

Conclusions: Age and PNI are useful predictors of postoperative chemotherapy intolerance
after total gastrectomy and may determine the treatment strategy and timing of
chemotherapy initiation.

Keywords: Gastric cancer; Total gastrectomy; Postoperative chemotherapy;
Nutritional assessment; Prognostic nutritional index
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INTRODUCTION

Gastric cancer is the third leading cause of cancer-related deaths globally and the fifth most
frequently diagnosed cancer [1]. The gold-standard treatment for gastric cancer is surgical
resection, and perioperative chemotherapy is the standard treatment for locally advanced
gastric cancer in the western hemisphere [2-4], while postoperative chemotherapy is the
standard in East Asia. Postoperative adjuvant chemotherapy is either S1 (a combination of
tegafur, gimeracil, and oteracil) monotherapy, capecitabine or S1 combined with oxaliplatin
(L-OHP), or S1 combined with docetaxel (DTX) [5-7].

However, post-gastrectomy patients often have nutritional problems, leading to
chemotherapy intolerance and a poor prognosis. Approximately 10% of patients are reported
to have a postoperative weight loss of 15% or more, which is a risk factor for patient tolerance
to postoperative chemotherapy with S1 and leads to a poor prognosis [8,9]. In particular,
patients who undergo total gastrectomy are prone to malnutrition, with an average weight
loss 0f13.8% [10]. Hence, nutritional status must be properly assessed before the initiation
of postoperative chemotherapy.

We hypothesized that indicators of nutritional status in patients with gastric cancer after
total gastrectomy are needed, which could be used to improve chemotherapy tolerance.
Therefore, in this study, we aimed to investigate methods of assessing nutritional status to
predict the continuation of postoperative chemotherapy after total gastrectomy. To the best
of our knowledge, this is the first study to assess nutritional status to predict tolerance to
postoperative chemotherapy limited to total gastrectomy.

MATERIALS AND METHODS

Study design

Patients who underwent curative total gastrectomy followed by postoperative chemotherapy
for gastric cancer at Hiroshima Memorial Hospital, Hiroshima, Japan, from April 2005

to September 2019, were eligible for this study. Patients who experienced relapse during
postoperative chemotherapy and patients with remnant gastric cancer were excluded from
this study. Patients with Union for International Cancer Control stage IV disease were
included if they had positive cytology or curatively resected distant metastases. This study
was conducted in compliance with the ethical principles of the Declaration of Helsinki, and
the protocol was approved by the Institutional Review Board of Hiroshima Memorial Hospital
(approval number, 20100601). Informed consent was obtained from the patients in the form
of'an opt-out on the website of the institution.

Postoperative chemotherapy and follow-up

Postoperative chemotherapy after total gastrectomy was mainly S1 monotherapy (S1 80 mg/
day for body surface area [BSA] <1.25 m?, 100 mg/day for BSA of1.25-1.5 m* and 120 mg/

day for BSA >1.5 m?). After 4 weeks of S1 treatment, no chemotherapy was administered for
the next 2 weeks. This 6-week cycle was repeated for 1 year after surgery [5,11]. Patients with
stage IIT and well-tolerated therapy received platinum (cisplatin [CDDP] 60 mg/m?* BSA or
L-OHP 100 mg/m? BSA) or DTX 40 mg/m? BSA every 3 weeks for 6 months, in combination
with an S1 2-week dose, 1-week rest regimen [7,12,13]. S1 monotherapy was then administered
for 6 months. The treatment was continued for 1 year, for as long as possible, with adverse
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events restricted within acceptable limits by reducing the dose or changing to other drugs. If
the adverse events were not controlled, chemotherapy was interrupted. Patients with a high
risk of recurrence, such as those with stage IV disease, received continued treatment beyond
1year after surgery. Blood tests and clinical findings were assessed at least every 3—6 weeks
during the postoperative chemotherapy. Tumor marker tests and computed tomography were
performed at 3-6-month intervals for at least 5 years after surgery or until recurrence.

Study parameters

The factors assessed were obtained from the results of assessing patients’ physical condition
and blood tests. In addition, the following inflammatory and nutritional markers were
evaluated from the obtained data: the controlling nutritional status (CONUT score,
calculated from the total lymphocyte count [TLC]; serum albumin level; cholesterol level),
the nutritional risk screening 2002 (NRS-2002 score, calculated from general condition,
body mass index [BMI], weight loss, food intake over the last week, the patient’s age), the
Onodera’s prognostic nutritional index (PNI = 10 x albumin g/dL + 0.005 x TLC/mm?®), the
modified Glasgow prognostic score (calculated from serum C-reactive protein) level and
serum albumin level), the lymphocyte-to-monocyte ratio (LMR = TLC/monocyte count), the
neutrophil-to-lymphocyte ratio (neutrophil count/TLC), the platelet-to-lymphocyte ratio
(TLC/platelet count x 100), the platelet-to-neutrophil ratio (PNR = neutrophil count/platelet
count x 100), and the systemic inflammation score (calculated from serum albumin level and
LMR) [14,15].

Statistical analysis

The association between the parameters and discontinuation of postoperative chemotherapy
within 6 months was analyzed, and the cutoff values for continuous variables were calculated
using receiver operating characteristic (ROC) curve analysis [16]. Univariate and multivariate
analyses were performed using a Cox proportional hazards model to detect risk factors for a
shorter duration of postoperative chemotherapy. The multivariate analysis was performed for
the factors that were significantly different in the univariate analysis. Statistical analyses were
performed using JMP statistical software (version 12; SAS Institute, Cary, NC, USA).

RESULTS

Patient demographics and tumor characteristics

Clinicopathological characteristics of the 101 patients included in this study are shown

in Table 1. Fifteen patients (15%) were pathologically classified as stage IV: 10 (10%) were
positive for ascites cytology, 6 (6%) were positive for peritoneal dissemination, and 1 (1%)
was positive for liver metastasis. These patients underwent curative resection. Postoperative
chemotherapy was initiated with S1 in 78 patients (77%), S1+ DTX in 9 patients (9%), S1 +
L-OHP in 7 patients (7%), S1 + CDDP in 3 patients (3%), and combination of tegafur and
uracil + leucovorin in 4 patients (4%). These treatments were switched to other agents if
adverse events made it difficult to continue, with the aim of maintaining treatment for 1 year
or as long as possible. The median follow-up period was 42 (range 7.6-174.2) months.

Compliance with postoperative chemotherapy

Of the 101 patients, 20 (20%) discontinued postoperative chemotherapy within 6 months.
The reasons for discontinuation were anorexia in 17 patients (17%), diarrhea in 3 patients
(3%), fatigue in 2 patients (2%), and neutropenia in 1 patient (1%). These patients were

https://doi.org/10.5230/jgc.2022.22.e5 58



°
Journal
, ‘ of
Gastric
Cancer
Nutritional Assessment After Total Gastrectomy

Table 1. Background characteristics of the patient (n=101)

Variables Value
Age (yr) 67 (33-88)
Sex

Male 68 (67)

Female 33(33)
Preoperative symptoms

Yes 73(72)

No 28 (28)
Preoperative performance status

0 53 (52)

1 48 (48)
ASA physical status

1 28 (28)

2 63 (62)

3 10 (10)
Preoperative body mass index 21.7+3.2
Preoperative chemotherapy

Yes 12 (12)

No 89 (88)
Tumor differentiation

Differentiated 35(35)

Undifferentiated 66 (65)
Pathological T factor

T1 1(1)

T2 8(8)

T3 51 (50)

T4a 35 (35)

T4b 6(6)
Pathological N factor

NO,1 43 (43)

N 2,3 58 (57)
Site of distant metastasis

Positive ascites cytology 10 (10)

Liver metastasis 1(1)

Peritoneal dissemination 6(6)
Pathological stage

| 3(3)

I 35 (35)

n 48 (47)

v 15 (15)
Postoperative complications (The Clavien-Dindo classification)

Grade Il 8(8)

Grade llI 17 (17)
Initial selection of adjuvant chemotherapy

S1 78 (77)

S1 + L-OHP 7(7)

S1+ DTX 9(9)

S1+ CDDP 3(3)

UFT + LV 4(4)
Duration of postoperative chemotherapy

<6 mon 20 (20)

26 mon 81 (80)

Values are presented as median (range), number (%) or mean + standard deviation.
ASA = American Society of Anesthesiologists; L-OHP = oxaliplatin; DTX = docetaxel; CDDP = cisplatin; UFT =
combination of tegafur and uracil; LV = leucovorin.
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Fig. 1. Survival curves stratified by duration of postoperative chemotherapy: (A) RFS curves, (B) OS curves.
RFS = recurrence-free survival; OS = overall survival.
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significantly associated with poor recurrence-free survival (RFS hazard ratio [HR], 3.09; 95%
confidence interval [CI], 1.44-6.21; P<0.01, Fig. 1A) and overall survival (HR, 4.28; 95% CI,
1.88-9.25; P<0.01, Fig. 1B).

Analysis of risk factors for discontinuation of postoperative chemotherapy
Cut-off values for each parameter were determined using ROC curve analysis, which analyzed
the association of the parameters with the discontinuation of postoperative chemotherapy
within a 6-month period. The relationship between each parameter and the duration of
postoperative chemotherapy was analyzed using the Cox proportional hazards model. In
univariate analysis of the preoperative factors, age (P<0.01), carbohydrate antigen 19-9
(P=0.02), CONUT score (P=0.01), NRS-2002 score (P=0.03), PNI (P=0.02), and PNR (P=0.02)
were significantly associated with the duration of postoperative chemotherapy (Table 2).
Multivariate analysis of the preoperative factors revealed that age was an independent
predictor of shorter duration of postoperative chemotherapy (HR, 5.24; 95% CI, 2.19-

12.96; P<0.01). Univariate and multivariate analyses of the factors before postoperative
chemotherapy are shown in Table 3. In the univariate analysis, age (P<0.01), intraoperative
bleeding (P=0.049), perioperative body weight loss (P=0.02), Eastern Cooperative Oncology
Group performance status (P<0.01), albumin-to-bilirubin index (ALBI, P=0.03), NRS-2002
(P<0.01), and PNI (P<0.01) were significantly associated with the duration of postoperative
chemotherapy. In the multivariate analysis, age (HR, 5.75; 95% CI, 1.90-19.49; P<0.01) and
lower PNI (HR, 3.29; 95% CI, 1.26-8.56; P=0.02) were independent predictors of a shorter
duration of postoperative chemotherapy (Table 3). The ROC curve analysis of the association
between the PNI before postoperative chemotherapy and discontinuation of adjuvant
chemotherapy within 6 months is shown in Fig. 2A. The Kaplan-Meier curves of the duration
of postoperative chemotherapy by stratification of PNI before postoperative chemotherapy
are shown in Fig. 2B.

https://doi.org/10.5230/jgc.2022.22.e5 60



Cancer

°
Journal
, ‘ of
Gastric

Nutritional Assessment After Total Gastrectomy

Table 2. Univariate and multivariate Cox proportional hazards analysis of preoperative factors for duration of postoperative chemotherapy

Variables Cutoff Univariate Multivariate
HR 95% CI P-value HR 95% ClI P-value
Age <74 1.00
274 6.79 3.16-15.44 <0.01 5.24 2.19-12.96 <0.01
Sex Male 1.00
Female 1.28 0.57-2.72 0.54
BMI <20.8 1.29 0.59-2.72 0.51
>20.8 1.00
Preoperative symptoms Yes 1.02 0.47-2.48 0.95
No 1.00
Diabetes mellitus Yes 1.00
No 1.32 0.51-4.50 0.59
Cardiovascular comorbidities Yes 1.91 0.90-4.07 0.09
No 1.00
Respiratory comorbidities Yes 1.87 0.78-4.10 0.15
No 1.00
Cerebrovascular disease Yes 2.02 0.48-5.77 0.29
No 1.00
PS (0] 1.00
1 2.10 0.99-4.62 0.05
ASA physical status 1 1.00
2,3 1.53 0.66-4.15 0.34
Neoadjuvant chemotherapy Yes 1.00
No 4.12 0.88-73.38 0.08
CEA <4.7 3.02 0.90-18.76 0.08
24.7 1.00
CA19-9 <9.8 2.56 1.19-5.96 0.02 1.96 0.89-4.66 0.10
9.8 1.00
Total protein <6.2 1.33 0.45-3.24 0.57
26.2 1.00
Albumin <4.2 1L, 0.85-4.25 0.12
24.2 1.00
Total bilirubin <0.54 1.35 0.63-2.85 0.43
>0.54 1.00
ALBI <-0.37 2.93 0.87-18.16 0.09
>-0.37 1.00
CONUT score 0-2 1.00
3-7 2.65 1.22-5.59 0.01 1.50 0.55-4.16 0.43
NRS-2002 2,3 1.00
4,5,6 2.31 1.10-4.95 0.03 1.15 0.49-2.73 0.74
Onodera’s PNI <48.3 2.38 1.13-5.25 0.02 1.47 0.57-3.74 0.42
>48.3 1.00
LMR <3.7 1.31 0.61-2.75 0.48
23.7 1.00
NLR <1.9 1.00
>1.9 2.02 0.87-5.49 0.10
PLR <157 1.00
>157 2.02 0.94-4.69 0.07
PNR <1.00 1.00
>1.00 3.97 1.19-24.63 0.02 2.76 0.77-17.60 0.13
SIS 0,1 1.00
2 1.98 0.88-4.23 0.10

HR = hazard ratio; Cl = confidence interval; ASA = American Society of Anesthesiologists; BMI = body mass index; PS = performance status; CEA =
carcinoembryonic antigen; CA19-9 = carbohydrate antigen 19-9; ALBI = albumin-to-bilirubin index; CONUT = controlling nutritional status; NRS = nutritional risk
screening; PNI = prognostic nutritional index; LMR = lymphocyte-to-monocyte ratio; NLR = neutrophil-to-lymphocyte ratio; PLR = platelet-to-lymphocyte ratio;
PNR = platelet-to-neutrophil ratio; SIS = systemic inflammation score.
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Table 3. Univariate and multivariate Cox proportional hazards analysis of factors before postoperative chemotherapy for duration of postoperative chemotherapy

Variables Cutoff Univariate Multivariate
HR 95% ClI P-value HR 95% ClI P-value
Age <74 1.00
>74 6.79 3.16-15.44 <0.01 5,75 1.90-19.49 <0.01
Sex Male 1.00
Female 1.28 0.57-2.72 0.54
Intraoperative bleeding <200 1.00
2200 2.74 1.01-9.59 0.04 1.61 0.51-6.21 0.43
Operative time <186 1.87 0.63-4.55 0.23
>186 1.00
Splenectomy Yes 1.13 0.52-3.39 0.75
No 1.00
Tumor differentiation Differentiated 1.00
Undifferentiated 1.09 0.51-2.54 0.83
Pathological T factor T1, T2 1.00
T3, T4 1.33 0.40-8.28 0.69
Pathological N factor NO, N1 1.36 0.64-2.88 0.41
N2, N3 1.00
Pathological stage 1,1l 1.06 0.48-2.23 0.89
11, IV 1.00
Postoperative complications Grade O-II 1.00
(The Clavien-Dindo classification) Grade Ill 1.34 0.49-3.11 0.53
BMI <17.7 1.80 0.77-3.87 0.16
217.7 1.00
Perioperative body weight loss <9.6% 1.00
>9.6% 2.53 1.20-5.40 0.02 1.18 0.44-3.10 0.73
PS 0,1 1.00
2 6.90 1.97-18.94 <0.01 2.34 0.57-8.07 0.22
Total protein <5.7 1.73 0.68-3.89 0.23
>5.7 1.00
Albumin <83 1.87 0.86-3.93 0.11
233 1.00
Total bilirubin <0.46 1.07 0.50-2.42 0.86
20.46 1.00
ALBI <-0.67 1.00
>-0.67 3.24 1.14-13.60 0.03 3.24 0.93-15.4 0.07
CONUT score 0-4 1.00
5-10 1.79 0.77-3.85 0.17
NRS-2002 0-3 1.00
4,5 3.38 1.54-8.17 <0.01 1.43 0.34-6.52 0.62
Onodera’s PNI <39.0 3.06 1.41-6.45 <0.01 3.29 1.26-8.56 0.02
239.0 1.00
CRP <0.67 1.00
20.67 2.07 0.97-4.35 0.06
mGPS 0 1.00
1,2 1.67 0.74-4.23 0.22
LMR <2.6 1.98 0.82-4.34 0.12
22.6 1.00
NLR <1.95 1.00
>1.95 1.20 0.57-2.65 0.63
PLR <169 1.00
>169 1.27 0.55-3.46 0.59
PNR <0.88 1.00
>0.88 1.87 0.85-4.51 0.12
SIS 0,1 1.00
2 1.02 0.49-2.21 0.95

HR = hazard ratio; Cl = confidence interval; BMI = body mass index; PS = performance status; ALBI = albumin-to-bilirubin index; CONUT = controlling nutritional

status; NRS = nutritional risk screening; PNI = prognostic nutritional index; CRP = C-reactive protein; mGPS = modified Glasgow prognostic score; LMR =

lymphocyte-to-monocyte ratio; NLR = neutrophil-to-lymphocyte ratio; PLR = platelet-to-lymphocyte ratio; PNR = platelet-to-neutrophil ratio; SIS = systemic

inflammation score.
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Fig. 2. (A) ROC curve analysis of the relationship between Onodera’s PNI level before postoperative chemotherapy and discontinuation of postoperative
chemotherapy within 6 months. (B) The Kaplan-Meier curves of duration of postoperative chemotherapy stratified by PNI level before postoperative chemotherapy.
ROC = receiver operating characteristic; PNI = prognostic nutritional index; AUC = area under the receiver operating characteristic curve.
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DISCUSSION

Many factors may affect a patient’s tolerability of chemotherapy, including physical

strength, organ function, nutritional status, inflammatory status, mental status, allergic
constitution, abnormalities in drug-metabolizing enzymes, genetic predisposition, and
living environment. Among these factors, nutritional status has a significant impact on
patients with gastric cancer after total gastrectomy. The current study investigated indicators
of nutritional status as predictors of tolerability to postoperative chemotherapy following
total gastrectomy in gastric cancer patients. To eliminate the effect of cancer recurrence

on the tolerability of postoperative chemotherapy and to focus on the effect of nutritional
impairment after total gastrectomy, this study included only patients who discontinued
treatment owing to adverse events and excluded patients who discontinued owing to
recurrence. Age and PNI before postoperative chemotherapy were independent predictors of
chemotherapy duration.

Body weight loss after gastrectomy and PNI have been shown to affect patient adherence

to postoperative chemotherapy [8,17]. However, no reports have shown a correlation
between nutritional status and duration of chemotherapy. Age, postoperative infectious
complications, preoperative ALBI, and TNM stage have been reported as risk factors for
compliance with postoperative chemotherapy after gastric cancer surgery [16,18,19]. lizuka
et al. [15] reported a scoring scale to estimate the risk of postoperative chemotherapy
discontinuation using age, preoperative urea nitrogen level, and ALBI. These reports did not
show a predominant correlation between nutritional status and tolerability of postoperative
chemotherapy. In the current study, only total gastrectomy, in which nutritional disturbance
is more pronounced, was analyzed and it showed a significant difference. Moreover, the data
were collected prior to postoperative chemotherapy, not gastrectomy, and this may have had
more direct effects on chemotherapy tolerability. To the best of our knowledge, the current
study is the first to analyze various nutritional indicators after total gastrectomy and identify
the optimal indicators.
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Onodera et al. [20] proposed the PNI as a predictor of complications after gastrointestinal
cancer surgery. This index was easily obtained using the serum albumin level and lymphocyte
count. Subsequently, correlations between PNI and postoperative prognosis, prognosis after
chemotherapy, and toxicity of chemotherapy have been reported in cancers of various organs,
indicating the necessity of appropriate nutritional management in different aspects of
cancer treatment [21-33]. The present study also demonstrated the importance of nutritional
management for continuation of chemotherapy after total gastrectomy.

This study had some limitations. First, it was a single-institutional retrospective cohort
study. Second, the dataset included data on several postoperative chemotherapeutic agents.
However, the study did not need to be limited to a single chemotherapy regimen. If adverse
events make it difficult to continue chemotherapy, other drugs should be substituted to
continue the treatment. We believe that it is important to continue chemotherapy for as
long as possible, using drugs that have acceptably limited adverse effects for each patient.
In the current study, 80% of patients were able to continue postoperative chemotherapy for
more than 6 months, which is better than the results of previous clinical trials [5]. Further
prospective studies with larger numbers of patients are required.

In conclusion, age and PNI were associated with the continuation of postoperative
chemotherapy in patients with gastric cancer after total gastrectomy. Nutritional
management during chemotherapy is important, and PNI can be used to assess nutritional
status. Further follow-up studies are required to confirm this finding.
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