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Abstract

Background: Malnutrition in gastrectomized patients receiving chemotherapy is associated with the susceptibility
to chemotherapy-related adverse events. This study evaluated pre-operative nutritional status-related indices
associated with adverse events in post-operation gastric cancer patients receiving chemotherapy.

Methods: Medical records of 234 gastrectomized patients under adjuvant tegafur/gimeracil/oteracil chemotherapy
with extended lymph node dissection were analyzed. Nutritional status assessment included Patient-Generated
Subjective Global Assessment (PG-SGA), body weight, body mass index, serum albumin concentration, and Nutrition
Risk Index (NRI). Chemotherapy-originated adverse events were determined using Common Terminology Criteria for
Adverse Events.

Results: PG-SGA indicated 59% of the patients were malnourished, and 27.8% of the patients revealed serious
malnutrition with PG-SGA score of ≥9. Fifteen % of patients lost ≥10% of the initial body weight, 14.5% of the
patients had hypoalbuminemia (<3.5 g/dL), and 66.2% had NRI score less than 97.5 indicating moderate to severe
malnutrition. Hematological adverse events were present in 94% (≥grade 1) and 16.2% (≥grade 3). Non-hematological
adverse events occurred in 95.7% (≥grade1) and 16.7% (≥grade 3) of the patients. PG-SGA and NRI score was
not associated with treatment-induced adverse events. Multivariate analyses indicated that female, low body
mass index, and hypoalbuminemia were independent risk factors for grade 3/4 hematological adverse events.
Age was an independent risk factor for grade 3/4 non-hematological adverse events. Neutropenia was the
most frequently occurring adverse event, and associated risk factors were female, total gastrectomy, and
hypoalbuminemia.

Conclusions: Hypoalbuminemia, not PG-SGA or NRI may predict chemotherapy-induced adverse events in
gastrectomized cancer patients.
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Background
Malnutrition in cancer patients originates from tumor-
induced metabolic abnormalities and treatment-related
side effects [1]. Previous studies suggested that 40-80%
of cancer patients experience malnutrition which is also
a major cause of cancer deaths [2, 3]. Gastrectomy
followed by chemotherapy is the mainstay to treat gastric

cancer, and majority of gastric cancer patients under treat-
ment experiences malnutrition. Partial or full gastrectomy
reduces food intake per serving and induces anastomosis
and vagal block causing abdominal sense of distension,
discomfort, and frequent bowel movement. Chemother-
apy following gastrectomy also induces anorexia, sore
throat, dry mouth, taste change, nausea, diarrhea, con-
stipation, and fatigue which eventually lead to weight
loss and malnutrition [4]. High risk of malnutrition
among gastrectomy patients was shown to delay the rate
of recovery and increase cancer deaths [5]. Malnutrition
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in cancer patients reduces responses to the treatment [6]
and increases treatment-associated side effects [7] often
lowering the intensity of treatment protocol and some-
times treatment withdrawal. Therefore, it is important
to determine nutritional status of gastric cancer patients
before starting chemotherapy to maximize the efficiency
of treatment as well as the patients’ quality of life.
Nutrition screening is an important step to identify

cancer patients who are at risk for malnutrition and to
provide information required for treatment protocol
preparation. The Malnutrition Universal Screening Tool
(MUST) scores are often used for surgical patients and
have been validated for cancer patients [8]. However, the
applicability and accuracy of MUST in assessing nutri-
tional status of gastric cancer patients has not been well
evidenced. Patient-Generated Subjective Global Assess-
ment (PG-SGA) is the most frequently used nutritional
assessment tool for cancer patients [9]. It is a compre-
hensive screening method comprised of weight loss, per-
formance status scores, and clinical evaluation scores
recommended for assessing malnutrition in surgical can-
cer patients. A number of studies have also suggested
that serum albumin concentration is a mortality progno-
sis factor in cancer patients [10]. Nutrition Risk Index
(NRI) is another tool to assess nutritional status of oper-
ated patients receiving parenteral nutrition using serum
albumin and weight change [11].
The standardized treatment protocol for stage 2 or 3

stomach cancer is gastrectomy followed by adjuvant tega-
fur/gimeracil/oteracil (S-1) chemotherapy [12]. Although
S-1 exhibits relatively mild side effects, it has been re-
ported that the completion rate at 1 year after gastrectomy
is 65.8 and 42.4% of the patients need dose modification
mostly due to treatment-associated side effects [12]. Age
over 65 and total gastrectomy have been suggested as risk
factors associated with treatment-associated side effects in
these patients [13]. In the present study, we identified
baseline nutritional status-related indices most closely re-
lated to the chemotherapy-induced adverse events in stage
2 and 3 gastrectomy cancer patients.

Methods
Study patients
This is a retrospective study using medical records of
the patients diagnosed as having stomach cancer from
Asan Medical Center in Seoul, Korea between October,
2007 and December, 2009. A total of 305 patients were
screened and those with stage 2 or 3A stomach cancer
according to the Guideline of the American Joint Com-
mittee on Cancer, and records of 234 gastrectomy pa-
tients (≥20 years old) who underwent S-1 chemotherapy
and who had 0 to 2 physical performance level based on
the guideline of the Eastern Cooperative Oncology
Group were included. S-1 chemotherapy was performed

within 3 to 6 weeks after gastrectomy in most of the pa-
tients. Patients who had experience of cancer therapy,
need different therapy protocols, had other types of dis-
eases including liver diseases and kidney diseases, trans-
ferred to other hospitals, and had mental illness were
excluded. The study was approved by the Institutional
Review Board of Asan Medical Center (2012–0221).

Treatment protocol and measurement of adverse events
Treatment schedule of S-1 is composed of a 40 mg
dosage/m2 body surface area twice a day for 4 weeks
followed by a 2 weeks of off period. Patients received a
maximum of 8 cycles of S-1 treatment for a year. Once
there are hematological adverse events (≥grade 3) or
non-hematological adverse events (≥grade 2), the dos-
age was reduced by the discretion of the doctor. Treat-
ment associated adverse events were determined and
recorded by the guidelines of Common Terminology
Criteria for Adverse Events (CTCAE, version 3) which
are based on hematological tests, radiological examina-
tions, and physical examinations. The score of each side
effect was the highest score among measurements dur-
ing the treatment period. Changes in drug dosage and
suspension of ongoing therapy due to side effects were
also recorded with respective reasons. Hematological
examinations were performed before starting a cycle of
6 weeks treatment. Recurrence was determined the 2nd

or 3rd abdominal CT and endoscopy at the end of the
final treatment cycle.

Clinical assessments
Age, sex, tumor stage, height and weight, extent of sur-
gery, medical history, treatment compliances, creatinine
clearance, drug dosage, and existence of recurrence were
examined prior to the first S-1 chemotherapy. It was re-
ported that patients with kidney malfunction that fail to
remove S-1 metabolites resulted in severe side effects [14].

Nutritional assessments
Scores of PG-SGA and NRI determined before starting
the first cycle of chemotherapy were used. PG-SGA scores
were composed of two sections of numerical scores. The
first section was a medical history section completed by
the patient, and the second section was a physical examin-
ation section completed by medical staff. The sum of
scores were grouped as A (<9, mild or moderate malnutri-
tion) and B (≥9, severe malnutrition). NRI was calculated
as follows: NRI = (1.519 × serum albumin, g/dL) + {41.7 ×
present weight (kg)/ideal body weight (kg)}. Nutritional
risk was defined as three grades: 1) major risk (NRI <
83.5); 2) moderate risk (NRI 83.5 ~ 97.5); 3) mild risk (NRI
97.5 ~ 100). Body weight change between admission and
the start of first treatment cycle was calculated and Body
Mass Index (BMI) was determined.
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Statistical analyses
Statistical analyses were performed using SPSS version
18.0 (Chicago, IL, USA). Demographical and clinical
data were allocated into either continuous data or cat-
egorical data. Continuous data were expressed as
means ± standard deviations while categorical data
were expressed as absolute or relative frequencies. As-
sociations between adverse event and clinical or nutri-
tional variables were analyzed by binary logistic
regression analyses. Covariates used in each multivari-
ate analysis were those which showed significance in
univariate analysis.

Results
Patient characteristics and dietary regimen
Clinical characteristics of the patients are presented in
Table 1. Study subjects were composed of 147 males and
87 females. The median age was 55 years old, and there
were 38 patients who were over 65 years old. The num-
ber of stage 2 and 3A patients were 123 and 120, re-
spectively. The number of patients who underwent total
gastrectomy was 93, and the rest of the patients under-
went partial gastrectomy. Patients were hospitalized for

a week after gastrectomy as a standard procedure. Dur-
ing their stay in hospital, post-operative therapeutic diet
accompanied by oral nutritional supplement (ONS) were
provided. At the time of discharge, the patients were also
advised to use ONS at home.

Evaluation of nutritional status-related indices
Results of nutritional status-related assessments are
shown in Table 2. The average weight loss between the
first admission for operation and starting point of the
first cycle of the chemotherapy was 6.8%. There were 36
patients (15.4%) who lost ≥10% of their body weight. At
the starting point of the chemotherapy, 27 patients
(11.5%) were underweight (BMI < 18.5 kg/m2) and 14.5%
of the patients were hypoalbuminemia (<3.5 g/dL). Pa-
tients with PG-SGA category B were 59.0 and 27.8% of
the patients exhibited PG-SGA score ≥9 which indicates
the need for aggressive nutrition intervention. Assess-
ment results from NRI showed that 63.2% of the patients
were moderate malnutrition while 3.0% of the patients
belong to the severe malnutrition group.

Table 1 Characteristics of the patients

Characteristic No (%) (n = 234)

Sex

Male 147 (62.8)

Female 87 (37.2)

Age (yr)

Median 55

Range 25–78

Tumor stage

T1a) 4 (1.70)

T2a 56 (23.9)

T2b 118 (50.4)

T3 56 (23.9)

Nodal stage

N0b) 17 (7.3)

N1 137 (58.5)

N2 80 (34.2)

Cancer stage, TNMc) classification

II 123 (50.6)

III 120 (49.4)

Type of gastrectomy

Total 93 (39.7)

Distal 141 (60.3)
a)T, the extent of the primary tumor; b)N, the absence or presence and extent
of regional lymph node metastasis; c)The TNM system is an expression of the
anatomic extent of disease and is based on the assessment of T, N, M. M-The
absence or presence of distant metastasis

Table 2 Nutritional status-related indices of the patients

Index No (%) (n = 234)

Weight loss (%)

mean 6.8

<10% weight loss 198 (84.6)

≥10% 36 (15.4)

Body mass index (kg/m2)

mean 21.86

<18.5 27 (11.5)

≥18.5 207 (88.5)

Albumin (g/dL)

mean 3.71

<3.5 34 (14.5)

≥3.5 200 (85.5)

PG-SGA category

A 96 (41.0)

B 138 (59.0)

PG-SGA score

mean 7.42

<9 169 (72.2)

≥9 65 (27.8)

NRI

mean 95.2

>97.5 79 (33.8)

83.5–97.5 148 (63.2)

<83.5 7 (3.0)

PG-SGA Patient-Generated Subjective Global Assessment, NRI Nutritional
Risk Index
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Treatment-associated adverse events
Table 3 indicates hematological and non-hematological
adverse events reported in study subjects. Ninety-four
percent of the subjects experienced hematological ad-
verse events with > grade 1, and 16.2% had adverse
events greater than grade 3. The most common adverse
event among those over grade 3 was neutropenia; 32
(13.6%) and 7 (3%) patients exhibited neutropenia and
anemia, respectively. Non-hematological adverse events
with > grade 1 were present in 95.7% of the patients. The
patients who experienced non-hematological adverse
events greater than grade 3 were 16.7%. The most com-
mon adverse event was diarrhea followed by abdominal
pain. There was no cancer-related death. Seventy per-
cent of the patients finished their therapy as it was
planned. However, 27.4% of the patients were subjected
to drug dose reduction and 13.6% of the patients needed
to cease the therapy (data not shown). We found that
age was positively associated with completion of chemo-
therapy (OR 1.04; 95% CI 1.01–1.07, p = 0.003; Add-
itional file 1: Table S1). In addition, there was a positive
relationship of total gastrectomy (OR 2.20; 95% CI 1.15–
4.23, p = 0.018) and hypoalbuminemia (OR 2.25; 95% CI
1.01–5.04, p = 0.048) with delayed chemotherapy

(Additional file 1: Table S1). We did not observe any sig-
nificant relationship of PG-SGA or NRI with either com-
pletion or delay of chemotherapy. The common adverse
events such as diarrhea and abdominal pain were not
significantly associated with PG-SGA or NRI (Additional
file 2: Table S2).
Binary logistic regression analyses indicated that fe-

male sex, hypoalbuminemia, and BMI were associated
with adverse event greater than grade 3 (Table 4). Multi-
variate analyses showed the hypoalbuminemia (OR 2.45;
95% CI 1.02–5.89, p = 0.045) and female sex (OR 2.39;
95% CI 1.15–4.96, p = 0.020) were significant risk factors
while BMI was a protective factor (OR 0.86; 95% CI
0.74–0.99, p = 0.035) (Table 4). Clinical and nutritional
assessment indices related to non-hematological adverse
events are shown in Table 5. Age was associated with
adverse events greater than grade 3. Multivariate ana-
lyses indicated that age was a significant risk factor (OR
1.06; 95% CI 1.03–1.10, p < 0.001) (Table 5). There was
no significant relationship of PG-SGA and NRI with
hematological or non-hematological adverse events (Ta-
bles 4 and 5).
Binary logistic regression analyses between neutro-

penia and clinical or nutritional variables suggested that

Table 3 Hematological and non-hematological adverse events (n = 234)

Events Grade of chemotherapy toxicity (No (%))

Grade 0 Grade 1 Grade 2 Grade 3 Grade 4 Grade 3 + 4 (%)

Hematological adverse events Anemia 29(12.4) 153(65.4) 45(19.2) 7(3.0) – 3

Neutropenia 94(40.2) 41(17.5) 67(28.6) 31(13.2) 1(0.4) 13.6

Thrombocytopenia 150(64.1) 73(31.2) 10(4.3) 1(0.4) – 0.4

Febrile neutropenia 233(99.6) – – 1(0.4) – 0.4

Leucopenia 125(53.4) 86(36.8) 22(9.4) 1(0.4) – 0.4

Total 14(6.0) 95(40.6) 87(37.2) 37(15.8) 1(0.4) 16.2

Non-hematological adverse events Anorexia 142(60.7) 61(26.1) 28(12.0) 3(1.3) – 1.3

Nausea 165(70.5) 51(21.8) 17(7.3) 1(0.4) – 0.4

Vomiting 206(88.0) 16(6.8) 11(4.7) 1(0.4) – 0.4

Diarrhea 119(50.9) 58(24.8) 43(18.4) 14(6.0) – 6

Constipation 213(91.0) 19(8.1) 2(0.9) – – 0

Abdominal pain 183(78.2) 31(13.2) 10(4.3) 10(4.3) – 4.3

Stomatitis 191(81.6) 26(11.1) 15(6.4) 2(0.9) – 0.9

Hand-foot syndrome 200(85.5) 27(11.5) 6(2.6) 1(0.4) – 0.4

Fatigue 194(82.9) 35(15.0) 4(1.7) 1(0.4) – 0.4

Hyperpigmentation 183(78.2) 47(20.1) 3(1.3) 1(0.4) – 0.4

Rash 215(91.9) 14(6.0) 3 (1.3) 2(0.9) – 0.8

Elevated AST/ALT level 149(63.7) 77(32.9) 5(2.1) 3(1.3) – 1.3

Elevated bilirubin level 89(38.0) 99(42.3) 43(18.4) 3(1.3) – 1.3

Elevated creatinine level 230(98.3) 4(1.7) – – – 0

Total 10(4.3) 99(23.1) 86(36.8) 39(16.7) – 16.7

AST/ALT aspartate transaminase/alanine transaminase
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female sex, total gastrectomy, and hypoalbuminemia
were risk factors for neutropenia (Table 6). Multivariate
analyses indicated that female sex (OR 2.24; 95% CI
1.03–4.87, p = 0.043), total gastrectomy (OR 2.71; 95%
CI 1.23–5.97, p = 0.013) and hypoalbuminemia (OR 2.61;
95% CI 1.01–6.54, p = 0.045) were independent risk fac-
tors (Table 6). No significant relationship of PG-SGA or
NRI with neutropenia was observed (Table 6).

Discussion
This study was conducted to identify sensitive nutritional
status-related indices associated with the appearance of
chemotherapy-induced adverse events in patients who
underwent gastrectomy. S-1 complementary chemother-
apy is a part of standard treatment protocol for stage 2
and 3A stomach cancer patients. Gastrectomy patients
receiving S-1 therapy can start oral feeding within 6 weeks

Table 4 Multivariable logistic regression analysis of risk factors for hematological adverse events

Variables Grade 0–2
(N = 196)

Grade 3–4
(N = 38)

Univariate Multivariate a)

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

Age (y) 0.99 (0.96–1.02) 0.472

Sex Female 66 (75.9%) 21 (24.1%) 2.43 (1.20–4.92) 0.013 2.39 (1.15–4.96) 0.020

Male 130 (88.4%) 17 (11.6%) 1.00 1.00

Operation type Total 72 (77.4%) 21 (22.6%) 2.13 (1.05–4.29) 0.035 1.79 (0.86–3.74) 0.119

Distal 124 (87.9%) 17 (12.1%) 1.00 1.00

Creatinine clearance (mL/min) b) ≥60 165 (83.8%) 32 (16.2%) 1.00 0.997

<60 31 (83.8%) 6 (16.2%) 0.99 (0.39–2.59)

Albumin (g/dL) <3.5 24 (70.6%) 10 (29.4%) 2.56 (1.11–5.92) 0.028 2.45 (1.02–5.89) 0.045

≥3.5 172 (86.0%) 28 (14.0%) 1.00 1.00

BMI (kg/m2) 0.83 (0.72–0.95) 0.007 0.86 (0.74–0.99) 0.035

PG-SGA category A 78 (81.3%) 18 (18.8%) 1.00 0.078

B 118 (85.5%) 20 (14.5%) 0.44 (0.17–1.09)

PG-SGA score 0.88 (0.76–1.01) 0.083

Weight loss (%) 0.97 (0.88–1.07) 0.558

NRI 0.96 (0.89–1.02) 0.163
a)Covariates used in multivariate analyses included sex, operation type, albumin, and BMI; b)Creatinine clearance was calculated using the Cockroft–Gault formula;
BMI Body Mass Index, PG-SGA Patient-Generated Subjective Global Assessment, NRI Nutritional Risk Index

Table 5 Multivariable logistic regression analysis of risk factors for non-hematological adverse events

Variables Grade 0–2
(N = 195)

Grade 3–4
(N = 39)

Univariate Multivariate a)

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

Age (y) 0.83 (0.72–0.95) 0.007 1.06 (1.03–1.10) 0.000

Sex F 72 (82.8%) 15 (17.2%) 1.07 (0.53–2.17) 0.856

M 123 (83.7%) 24 (24.55) 1.00

Operation type Total 78 (83.9%) 15 (16.1%) 0.94 (0.46–1.90) 0.858

Distal 117 (83.05) 24 (17.0%) 1.00

Creatinine clearance (mL/min) b) ≥60 170 (86.3%) 27 (13.7%) 1.00 0.007 1.00 0.370

<60 25 (67.6%) 12 (32.4%) 3.02 (1.36–6.72) 1.52 (0.61–3.79)

Albumin (g/dL) <3.5 25 (73.5%) 9 (26.5%) 2.04 (0.87–4.04) 0.102

≥3.5 170 (85.0%) 30 (15.0%) 1.00

BMI (kg/m2) 0.97 (0.85–1.10) 0.581

PG-SGA category A 84 (87.5%) 12 (12.5%) 1.00 0.157

B 111 (80.4%) 27 (19.6%) 1.70 (0.82–3.56)

PG-SGA score 1.03 (0.91–1.17) 0.658

Weight loss (%) 0.96 (0.86–1.07) 0.442

NRI 0.95 (0.89–1.01) 0.083
a)Covariates used in multivariate analyses included age and creatinine clearance; b)Creatinine clearance was calculated using the Cockroft–Gault formula; BMI Body
Mass Index, PG-SGA Patient-Generated Subjective Global Assessment, NRI Nutritional Risk Index

Seo et al. BMC Cancer  (2016) 16:900 Page 5 of 9



while the transition period from nutritional support to
oral feeding is normally 6 months in these patients ex-
periencing a great deal of weight loss. Few studies have
provided evidences showing association between pre-
treatment nutritional status indices and treatment-
associated adverse events which possibly delay the
completion of treatment and the recovery.
The rates of adverse events observed in our subjects

under S-1 therapy were similar to those reported in the
previous study with S-1 gastrectomy patients [12]. Most
frequent hematological and non-hematological adverse
events were neutropenia and diarrhea. Seventy % of 234
patients completed the therapy according to the therapy
protocol, and 27.4% of the patients were subjected to
dosage reduction and 12.6% discontinued the therapy in-
dicating at least one third of the gastrectomy patients
did not tolerate S-1 therapy. Study results clearly sug-
gested that patients with hypoalbuminemia and low
BMI are highly susceptible to hematological adverse
events and neutropenia was specifically frequent among
patients with hypoalbuminemia. S-1 therapy usually
starts 3 to 6 weeks after gastrectomy operation when
operation-related fluctuation of other biochemical indi-
ces become stable and there is less chance of albumin
being affected by operation itself. Therefore, the circu-
lating albumin concentration can partly predict the
compliance with adjuvant chemotherapy.
A meta-analysis study has suggested that serum albumin

is a reliable index to predict cancer survival [10]. More-
over, hypoalbuminemia was reported as an independent
prognostic marker of cancer fatality [15], and prognostic

nutritional index calculated based on serum albumin
and lymphocytes was reported as a prognostic marker
in stomach cancer patients [16].
The increased synthesis of IL-1β, IL-6 and TNF-α is

known to suppress liver synthesis of albumin, and the
extent of reduction is related to disease severity [17, 18].
The increased cytokine concentration is a hallmark of
cancer cachexia accelerating tumor-associated tissue
wasting and anorexia [19] and thus, decreases in albu-
min concentration may well reflect cancer cachexia.
Given that other physiological factors including liver
cirrhosis, nephritic syndrome, catabolic status, blood
dilution, and decreased removal rate of lymphocytes
can also induce changes in serum albumin concentra-
tion [20], hypoalbuminemia as an accurate index of nu-
tritional status in cancer patients has been criticized
[21]. Other studies have proposed that there is an in-
crease in vascular permeability of albumin accelerating
albumin flux towards extravascular compartment [22]
and the disruption of blood albumin homeostasis due
to an increase in albumin degradation [23].
Despite the importance of nutritional status of patients

receiving cancer treatment, a limited number of studies
evaluated the association between nutritional status and
other related indices. A previous study reported that
SGA and hypoalbuminemia (≤3.1 g/dL) were associated
with chemotherapy-induced side effects in lung cancer
patients treated with paclitaxel and cisplatin [24]. How-
ever, covariates were not accounted in their analyses, and
there was no significant association for side effects over
grade 3. Also, it was not clear whether hypoalbuminemia

Table 6 Multivariable logistic regression analysis of risk factors for neutropenia

Variables Grade 0–2
(N = 202)

Grade 3–4
(N = 32)

Univariate Multivariate a)

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

Age (y) 0.99 (0.42–2.33) 0.554

Sex F 70 (80.5%) 17 (19.5%) 2.14 (1.01–4.54) 0.048 2.24 (1.03–4.87) 0.043

M 132 (89.8%) 15 (10.2%) 1.00 1.00

Operation type Total 73 (78.5%) 20 (21.5%) 2.95 (1.36–6.37) 0.006 2.71 (1.23–5.97) 0.013

Distal 129 (91.5%) 12 (8.5%) 1.00 1.00

Creatinine clearance (mL/min) b) ≥60 170 (86.3%) 27 (13.7%) 1.00 0.975

<60 32 (86.5%) 5 (13.5%) 0.98 (0.35–2.75)

Albumin (g/dL) <3.5 25 (73.5%) 9 (26.5%) 2.77 (1.15–6.66) 0.023 2.61 (1.01–6.54) 0.040

≥3.5 177 (88.5%) 23 (11.5%) 1.00 1.00

BMI (kg/m2) 0.87 (0.75–1.00) 0.054

PG-SGA category A 80 (83.3%) 16 (16.7%) 1.00 0.106

B 122 (88.4%) 16 (11.6%) 0.44 (0.16–1.19)

PG-SGA score 0.87 (0.75–1.02) 0.080

Weight loss (%) 1.11 (0.92–1.12) 0.728

NRI 0.95 (0.89–1.01) 0.110
a)Covariates used in multivariate analyses included sex, operation type, and albumin; b)Creatinine clearance was calculated using the Cockroft–Gault formula; BMI
Body Mass Index, PG-SGA Patient-Generated Subjective Global Assessment, NRI Nutritional Risk Index
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was associated with albumin-binding characteristic of pac-
litaxel. Severe malnutrition assessed by NRI was shown to
increase the adverse events and reduce the survival rate in
metastasized colon cancer patients [25]. Especially, hypo-
albuminemia and inflammatory status are shown to
increase hematological adverse events. Another study
suggested that higher PG-SGA score increased patients’
hospitalization [26]. These studies used one or two indices
to predict nutritional status. Also, in most of the studies,
the number of patients was less than 100 including those
with high severity. The present study used stomach cancer
patients with grade 2 and 3A tumors using the same treat-
ment protocol to minimize variables possibly affecting the
occurrence of adverse events. We also compared a few dif-
ferent assessment tools to evaluate nutritional status. Our
study results clearly show that hypoalbuminemia is a sen-
sitive index to predict chemotherapy-associated side ef-
fects including neutropenia, the most frequently occurring
hematological side effect. However, no significant associ-
ation was observed for albumin with non-hematological
adverse event. A recent review have indicated that nutri-
tional status determined by PG-SGA was associated with
nausea and vomiting in a consistent manner although the
authors mentioned that non-hematological adverse events
such as nausea and vomiting possess subjective nature
[27]. To secure the reliability and reduce the variability of
medical records on non-hematological adverse events,
only those recorded by internal medicine specialists shar-
ing identical diagnostic standards were used.
In this study, PG-SGA did not show a significant asso-

ciation with either hematological or non-hematological
adverse events. A most presumable reason for this null
association is a lack of sensitivity represented by PG-
SGA. Patients in the present study are those who are
stable and in the course of transition to oral feeding
after gastrectomy. Therefore, nutritional status could be
overestimated through PG-SGA score. We also evalu-
ated % weight change (weight loss) between the initial
hospitalization and shortly before starting chemotherapy
as a nutritional status index. Many of the patients have
already lost their weight at the initial hospitalization,
and this may explain the lack of sensitivity by % weight
loss in chemotherapy-induced adverse events. Recently,
Consensus Statement from the European Society of
Clinical Nutrition and Metabolism (ESPEN) suggested
to use either BMI less than 18.5 kg/m2 or the combin-
ation of weight loss together with either a low BMI or a
low fat fess mass index as diagnostic criteria for malnu-
trition [28]. In the meantime, the American Society for
Parenteral and Enteral Nutrition (ASPEN) suggested that
two or more out of six characteristics including insuffi-
cient energy intake, weight loss, loss of muscle mass, loss
of subcutanueou fat, localized of generalized fluid accu-
mulation, diminished functional status as measured by

hand-grip strength can be used to diagnose adult mal-
nutrition [29]. Nutritional assessment based on these
suggestions may better predict possible adverse events
in these patients. Neutropenia was the second most fre-
quently occurring adverse event. Female, total gastrec-
tomy, and lower albumin concentration were significantly
associated with neutropenia. A recent multicenter ran-
domized controlled trial indicated that capecitabine plus
oxaliplatin adjuvant therapy for D2 gastrectomy exhibited
neutropenia in 60% of the enrolled subjects, and 3- year
disease free survival was significantly higher in males but
not in females indicating sex-specific treatment protocol
may be required based on chemotherapy-induced adverse
events [30].
Limitations of this study are as below. First, this is a

retrospective study which may have pit-falls in the
collected data. To minimize the limitation, we have
included entire medical records written by internal
medicine specialists during S-1 therapy. Secondly, the
initial body weight used to determine % weight change
was the measurement after gastrectomy, and therefore,
removed tissue weight was not calculated. Lastly, only
16% of the patients were reported to have side-effects,
and this may cause a lack of sensitivity to PG-SGA
score and NRI.

Conclusions
In conclusion, blood albumin concentration can be used
as a marker of a successful completion of cancer chemo-
therapy before starting chemotherapeutic treatment.
Findings of this study also suggest there is frequently
used nutritional screening tools were unable to predict
major chemotherapy-induced adverse events which
suggest PG-SGA and % weight loss may not be sensitive
indices to predict treatment endurance in these patients.
Further studies on standardized nutrition screening with
a larger number of cancer patients with specific type of
cancer may provide accurate diagnostic value of nutri-
tional screening tools applicable to different clinical
settings.
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