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Abstract
Background/objective To investigate the impact of preoperative immunological and nutritional status, using the prognostic
nutritional index (PNI), on completion of planned adjuvant chemotherapy (AC), and the potential additive effects of low PNI
and incomplete AC on gastric cancer-specific survival (CSS) after curative resection of stage II/III gastric cancer (GC).
Methods Medical records of 1288 consecutive stage II/III GC patients who underwent curative resection and planned to
receive AC between November 2010 and December 2017 were retrospectively reviewed. The optimal cut-off value of PNI
for CSS was determined by X-tile. The independent predictive factors for incomplete AC were identified using univariate
and multivariate analyses. Cox regression analyses assessed the association of low PNI, incomplete AC and CSS.
Results Of the 1288 patients, 406 (31.5%) completed at least six cycles of AC within 6 months following initial of AC
(complete AC). Low PNI (<43.9, n= 386) was identified to be an independent risk factor for incomplete AC (<6 cycles).
Both low PNI and incomplete AC independently predicted poor CSS (hazard ratio (HR): 1.287, 95% confidence interval
(CI): 1.058–1.565; HR: 1.667, 95% CI: 1.342–2.071). Further analyses confirmed an additive effect with those with both
low PNI and incomplete AC having an even worse CSS.
Conclusions Low preoperative PNI significantly affects completion of AC. Low PNI and incomplete AC has an additive
effect and is associated with even worse outcomes. Further prospective studies are needed to clarify whether perioperative
nutrition intervention could improve completion of AC and improve prognosis of GC patients.

Introduction

Gastric cancer (GC) is ranked as one of the most prevalent
malignancies worldwide with about 50% of cases occurring
in China and surgical resection offering the only possible
curative treatment at present [1, 2]. Unfortunately, the
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majority of patients in China and western countries are
diagnosed at an advanced stage. For these patients, prog-
nosis remains dismal even after radical gastrectomy with D2
lymphadenectomy alone, with about 40% of tumor recur-
rence occurring within 2 years of the initial surgery [3]. In
order to delay and/or decrease postsurgical recurrence,
adjuvant chemotherapy (AC) is recommended as a standard
treatment following curative resection of stage II/III GC in
guidelines adopted in both eastern and western countries
[4, 5]. However, it is common to encounter patients who
refuse to receive AC, or cannot complete the full course of
planned AC for various reasons including delayed recovery
due to severe postoperative complications, poor patient
condition and adverse events during chemotherapy. In fact,
almost 50% of patients could not complete the allocated
postoperative treatment as planned even in recent pro-
spective large-scale randomized controlled studies [6–8].
Furthermore, incomplete AC has been identified to inde-
pendently predict unfavorable outcomes for patients with
various types of malignancies [9–11].

It has been well established that immunological and
nutritional status is significantly related not only to post-
operative complications but also to prognosis of patients
with different malignancies. Serum albumin levels and
lymphocyte counts are the most commonly used indicators
to define nutritional and immunological status, based on
which several indices have been explored, for example, the
widely used prognostic nutritional index (PNI) [12, 13].
Findings from a meta-analysis have supported the associa-
tion between low PNI and postoperative complications and
prognosis in GC [12]. Given that malnutrition and post-
operative complications also significantly affect compliance
with AC [11, 14, 15], we hypothesized that low PNI would
be a reliable indicator for incompleteness of AC, and there
may be an additive detrimental effect observed for prog-
nosis of advanced stage GC patients both with low PNI and
incomplete AC. In this retrospective study, for the first time,
we investigated the impact of PNI on completion of planned
AC, and the association among PNI, completeness of AC
and cancer-specific survival (CSS) of stage II/III GC
patients after radical gastrectomy, using the database from a
high volume center in China.

Methods

Design and patients

We retrospectively reviewed the medical records of all
patients with GC who underwent surgery in the Hunan
Cancer Hospital from November 2010 to December 2017.
Adult patients (≥18 years old) with pathologically con-
firmed stage II/III gastric adenocarcinoma who underwent

curative resection (R0 resection and D2 lymphadenectomy)
were eligible for inclusion in our study, which complied
with the standards of the Declaration of Helsinki and was
approved by the ethics committee of the Hunan Cancer
Hospital. Every patient provided written informed consent
for surgery and the use of their clinical data. The exclusion
criteria and flow diagram of the study is shown in Supple-
mentary Fig. 1.

Perioperative management and follow-up

Surgeons with sufficient experience of curative gastrectomy
and D2 lymphadenectomy performed or supervised all
operations. Lymphadenectomy and digestive tract recon-
struction were performed according to the Japanese GC
treatment guidelines [4]. The TNM stage was classified
based on the eighth edition of the American Joint Com-
mittee on Cancer TNM staging system [16]. Our previous
studies described the main surgical procedures, periopera-
tive management and follow-up [17, 18]. Briefly, post-
operative complications were identified within 30 days after
surgery and classified according to the Clavien-Dindo
classification system [19]. AC was usually started about 4
(±2) weeks after surgery and included fluorouracil and
platinum based regimens (generally 3 week cycles of
capecitabine/S-1 and oxaliplatin) for 6 months following
surgery [9, 20].

Every patient was followed up at an outpatient visit or by
telephone 1 month after their initial surgery, every 3 months
during the first 2 years, at 6-month intervals between years 3
and 5, and yearly thereafter. Physical examination, routine
blood tests, carcinoembryonic antigen, and carbohydrate
antigen 199 were examined at each follow-up. An ultra-
sonography and/or computed tomography scan was per-
formed every 6 months during the 5 years following surgery
and endoscopy was performed every 2 years. The latest
follow-up date was December 2018.

Evaluation

Clinicopathological variables that included demographic,
operative details, pathological and follow-up data were
obtained from medical records. Routine laboratory mea-
surements including lymphocyte counts and the serum
albumin levels were measured in all patients within 1 week
before surgery. As previously reported, the PNI was cal-
culated thus: serum albumin level (g/L)+ 0.005 × total
lymphocyte count in the peripheral blood (per mm3). The
cut-off value of PNI was determined by X-tile, as reported
in our previous studies [21, 22]. Whereas for other com-
monly used variables such as age, body mass index (BMI),
albumin levels or anemia, standard clinical, or widely
accepted thresholds were used.
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The assessed primary outcome was CSS, which was
calculated from the time of surgery until death form GC or
the last follow-up. The secondary outcome was compliance
with AC. Complete AC was defined as a patient receiving at
least 6 cycles of fluorouracil and platinum based regimens
within 6 months following surgery, considering that patients
who received <6 cycles of AC had significant poorer out-
comes than those receiving at least 6 cycles [9]. Incomplete
AC was defined as patients who received no AC or <6
cycles of AC within 6 months after the initial AC.

To investigate the relative effects of completeness of AC
and/or low PNI on prognosis, patients were divided into
complete AC and high PNI (complete AC/high PNI),
complete AC and low PNI (complete AC/low PNI),
incomplete AC and high PNI (incomplete AC/high PNI),
incomplete AC and low PNI (incomplete AC/low PNI)
groups, respectively. To assess whether an additive effect of
both low PNI and incomplete AC was present for outcomes,
additional survival analysis was performed using the
incomplete AC/high PNI group as a reference [23].

Statistical analysis

Continuous data are presented as the mean ± standard
deviation or mean (range), and comparisons between groups
were made using a Student’s t-test or a Mann–Whitney U
test. Categorical variables are presented as numbers (%) and
comparisons made by a χ2 or Fisher exact test. Independent
predictors for incomplete AC were identified by univariate
and multivariate regression analyses. The optimal cut-off
value of PNI for CSS was determined by X-tile when the
maximum χ2 log-rank values were reached. CSS was cal-
culated using the Kaplan–Meier method and any differences
were assessed by the log-rank test. Multivariate Cox pro-
portional hazard regression analysis was performed to
confirm the prognostic factors that may affect CSS. Statis-
tical significance was set at P < 0.05 as two-sided. Statistical
analyses were performed using SPSS software (ver. 24.0,
IBM Corporation, New York, US).

Results

Characteristics of patients

A total of 1288 consecutive patients were eligible for
inclusion in the present study and the baseline demo-
graphics of the entire cohort are described in Table 1. The
mean age of patients was 55.40 years (range, 19–82), mean
BMI 21.76 kg/m2 (range 13.84–33.76) and the mean PNI
was 46.68 (25.70–73.90), respectively. The majority of
patients were male (66.1%), underwent open surgery
(84.5%) and received a subtotal gastrectomy (73.5%).

According to the eighth edition of the TNM classification,
there were 101 (7.8%), 321 (24.9%), 481 (37.3%), 290
(22.5%), and 95 (7.4%) patients in stages IIA, IIB, IIIA,
IIIB, and IIIC, respectively. The mean duration of surgery
was 200 min (range 70–584) and the mean estimated
intraoperative bleeding was 207 mL (range 50–2300). One
hundred and eighteen (9.2%) patients suffered from

Table 1 Clinicopathological characteristics of the entire cohort (n=
1288)

Variables n (%)

Age; mean (range) 55.40 (19–82)

Body mass index (kg/m2); mean (range) 21.76 (13.84–33.76)

Sex

Male 852 (66.1%)

Female 436 (33.9%)

American Society of Anesthesiology score

1 213 (16.5%)

2 922 (71.6%)

3 150 (11.6%)

4 3 (0.2%)

Any comorbidities 392 (30.4%)

Complication due to the tumora 331 (25.7%)

Albumin level (g/L); mean (range) 37.85 (18.20–53.50)

Total lymphocyte count (×109/L); mean
(range)

1.77 (0.08–6.84)

The prognostic nutritional index 46.68 (25.70–73.90)

Preoperative hemoglobin (g/L); mean (range) 117 (39–186)

Type of resection

Subtotal gastrectomy 947 (73.5%)

Total gastrectomy 341 (26.5%)

Operative procedure

Laparoscopy or laparoscopy-assisted 200 (15.5%)

Open 1088 (84.5%)

pTNM stageb

IIA 101 (7.8%)

IIB 321 (24.9%)

IIIA 481 (37.3%)

IIIB 290 (22.5%)

IIIC 95 (7.4%)

Intraoperative blood loss (mL); mean (range) 207 (50–2300)

Operation time (min); mean (range) 200 (70–584)

Perioperative blood transfusion 286 (22.2%)

Postoperative complicationc 118 (9.2%)

Adjuvant chemotherapy cycles; median
(range)

4 (0–12)

aIncluding pyloric obstruction or bleeding
bTumor stages are based on 8th edition of the AJCC TNM
classification
cDefined as Clavien-Dindo grade II or greater
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postoperative complications within 30 days after surgery,
which were defined as Clavien-Dindo grade II or greater.

Risk factors for incomplete AC

Of 1288 patients, only 113 patients (8.8%) received at least
eight cycles of AC within 6 months after initial AC and
another 293 (22.7%) patients received 6–7 cycles. Whereas
245 (19.0%), 344 (26.7%), and 293 (22.7%) of patients
received 4–5, 1–3, and 0 cycles of AC, respectively (Sup-
plementary Fig. 1). The 5-year CSS rate of patients who
received 6–7 cycles of AC was 63.2%, which was similar to
those who received at least eight cycles (59.5%, hazard ratio
(HR): 1.130, confidence interval (CI): 0.762–1.674, P=
0.543), but was significantly higher than in patients who
received 4–5, 1–3, or 0 cycles of AC (56.4, 48.1 and 50.4%,
respectively, P < 0.01) (Table 2 and Fig. 1). Therefore,
patients (n= 406, 31.5%) who received at least six cycles of
AC were considered to have good compliance with AC and
were enrolled into the complete AC group. The remaining
882 (68.5%) patients who received none or 1–5 cycles of
AC were enrolled in the incomplete AC group.

Each clinicopathological variable was categorized
(Table 3a) and analyzed for a potential impact on comple-
tion of AC. The cut-off value of the PNI for CSS was set at
43.9 by X-tile (Supplementary Fig. 2). Univariate analyses
found that age (≥65 years), an American Society of Anes-
thesiologist (ASA) score ≥ 3, low albumin concentration
(<35 g/L), open surgery, low PNI (<43.9), and TNM stage
II adversely affected the completeness of AC. After multi-
variate regression analysis, except for age, an ASA score ≥ 3
and TNM stage II, low PNI (odds ratio (OR): 1.380, 95%
CI: 1.045–1.822, P= 0.023) was also identified to be sig-
nificantly associated with incomplete AC (Table 3b). In
fact, 34.4% (310/902) of patients with high PNI completed
at least six cycles of AC, which was a significantly greater
number than that in the low PNI group (24.9%, 96/386,
P= 0.001).

Risk factors for poor CSS

A total of 470 deaths (36.5%) occurred among the 1288
patients during the median follow-up time of 29 months

(range, 7–98), with a median survival time of 73 months.
There were also 476 cases of tumor recurrences and 436
GC-specific deaths.

In the univariate analyses, low PNI, incomplete AC, total
gastrectomy, intraoperative blood loss ≥300 mL, TNM stage
III and perioperative blood transfusion were related to poor
CSS (all P < 0.05). After adjusting for potential confounders
in the multivariate Cox regression model, both incomplete
AC (HR: 1.667, 95% CI: 1.342–2.071, P < 0.001) and low
PNI (HR: 1.287, 95% CI: 1.058–1.565, P= 0.011) were
identified to be independent predictors for poor CSS
(Table 4).

Association among PNI, AC, and CSS

After risk adjustment, compared with the complete AC/high
PNI group (n= 310), although the complete AC/low PNI
group had comparable outcomes (n= 96, HR: 1.227, 95%
CI: 0.806–1.868, P= 0.339), the incomplete AC/high PNI
group was associated with worse outcomes (n= 592, HR:
1.638, 95% CI: 1.261–2.126, P < 0.001) and the incomplete
AC/low PNI group had the worst prognosis (n= 290, HR:
1.980, 95% CI: 1.498–2.617, P < 0.001) among the four
groups (Fig. 2). Moreover, an additive effect was confirmed
for the incomplete AC/low PNI group, compared with the
incomplete AC/high PNI group, which was used as a
reference (HR: 1.292, 95% CI: 1.035–1.614, P= 0.024); as
were the overall and disease free survival (OS and DFS)
times (Supplementary Fig. 3).

Discussion

Although AC has become a standard treatment after radical
resection of stage II/III GC both in eastern and western
countries, only 406 (31.5%) in our cohort of patients
received at least six cycles of AC. In contrast, 67% of
patients in the chemotherapy group received eight cycles of
capecitabine and oxaliplatin as planned in the CLASSIC
study and 70.2% continued adjuvant S-1 for 1 year in a
multicenter retrospective study in Japan [9, 15]. Although
the exact reason was difficult to determine, possible
explanations include the retrospective nature of our study,

Table 2 Multivariate analysis of
cancer-specific survival for
cycles of adjuvant chemotherapy
following surgery for stage II/III
gastric cancer (n= 1288)

Subgroups n (%) 5-year CSS rates Hazard ratio (HR) 95% confidence interval (CI) P value

6–7 cycles 293 (22.7%) 63.2% Reference Reference

≥8 cycles 113 (8.8%) 59.5% 1.130 0.762–1.674 0.543

4–5 cycles 245 (19.0%) 56.4% 1.509 1.121–2.032 0.007

1–3 cycles 344 (26.7%) 48.1% 1.762 1.352–2.296 <0.001

0 cycle 293 (22.7%) 50.4% 1.717 1.299–2.271 <0.001

CSS cancer-specific survival
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differences in the process of healthcare during hospitaliza-
tion and post discharge, insurance coverage, and the

economic burden given that China is a developing country
nowadays.

To investigate whether the dose intensity influenced the
outcomes, we divided patients into 0, 1–3, 4–5, 6–7, and ≥8
cycles (some patients received orally S-1 or capecitabine as
maintenance treatment after eight cycles of combination
chemotherapy) of AC. The 5-year CSS rate of patients who
received 6–7 cycles of AC was similar to those who
received at least eight cycles, but was significant greater
than those patients who received 4–5, 1–3, or 0 cycles of
AC (P < 0.01, Fig. 1). The result was echoed by Noh and
colleagues who carried out a post hoc analysis of outcomes
in the CLASSIC study and revealed that patients who
received fewer than six cycles of capecitabine and oxali-
platin had significantly poorer prognosis than those who
received at least six cycles of either of the study drugs [9].
Thus, patients who received at least six cycles of AC were
considered to have completed AC in the present study.
Further multivariate analysis confirmed that incomplete AC
(<6 cycles) was significantly associated with poor out-
comes. Therefore, besides a higher proportion of patients
with stage III GC (also including IIIC disease), poorer
compliance with AC, to a certain extent, also contributed to
a poorer prognosis in our study, as compared with the well-

Fig. 1 Cancer-specific survival curves in 1288 patients who underwent
curative resection for stage II/III gastric cancer stratified by the
received cycles of adjuvant chemotherapy

Table 3a Association between
clinicopathological
characteristics and completeness
of adjuvant chemotherapy
following surgery for stage II/III
gastric cancer (n= 1288)

Variables Complete AC
(n= 406)

Incomplete AC
(n= 882)

P value

sex (male/female) 267/139 585/297 0.843

Age (years) ≥ 65/<65 450/356 21/663 <0.001

Body mass index (kg/m2) ≥ 18.5/<18.5 359/47 771/111 0.608

Anemiaa; yes/no 152/254 356/526 0.318

ASA score ≥ 3/<3 25/381 127/755 <0.001

Comorbidity; yes/no 124/282 268/614 0.955

Albumin level (g/L) ≥ 35/<35 330/76 653/229 0.004

Total lymphocyte count ( × 109/L) ≥ 2/<2 273/133 625/257 0.189

The prognostic nutritional index ≥ 43.9/<43.9 310/96 592/290 0.001

Complication due to the tumorb; yes/no 95/311 236/646 0.200

Operation method; open/laparoscopy 329/77 759/123 0.021

Extent of gastric resection; subtotal/total 300/106 647/235 0.840

Operation time (min) ≥ 240/ < 240 98/308 180/702 0.131

Intraoperative blood loss (mL) ≥ 300/<300 92/314 183/699 0.437

pTNM stagec; III/II 292/114 576/306 0.019

Perioperative blood transfusion; yes/no 86/320 200/682 0.549

Post-operative complicationsd 34/372 84/798 0.506

ASA American Society of Anesthesiologist
aDefined as hemoglobin level <120 g/L in male and <110 g/L in female
bIncluding pyloric obstruction or bleeding
cTumor stages are based on 8th edition of the AJCC TNM classification
dDefined as Clavien-Dindo grade II or greater
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known CLASSIC study [9]. In some ways, there may be
room for consideration of reducing the number of AC
cycles to six, especially in those patients at a relatively
lower risk of relapse [24]. Although four courses of S-1 was
demonstrated to be associated with poorer relapse-free
survival for stage II GC than eight courses, whether the
results would be the same in those patients who underwent
six courses of S-1, or combination chemotherapy needs
further prospective large-scale studies [25].

Several studies have investigated the risk factors that
may influence compliance with adjuvant S-1 therapy in GC
patients. An age >65 years, postoperative infection com-
plications, body weight loss especially loss of lean body
mass were clarified to be independent predictors for poor
compliance [14, 15, 26–28]. But these conclusions were
generally based on limited number of patients and only a
few perioperative variables were included in the prognostic
analysis, which may have hampered the statistical power.
Moreover, subgroup analysis of 5-year OS in the ACTS-GC
study revealed insufficient efficacy of S-1 alone for patients
at a high risk of relapse (stage IIIB) and other studies have
demonstrated that combination chemotherapy, e.g., with
capecitabine and oxaliplatin, was superior to S-1 alone for
survival in patients with stage IIIB and IIIC disease
[29, 30]. Given that patients were usually diagnosed at a
more advanced stage in China and western countries than in
Japan and South Korea, where therapeutic trials with S-1
have generally shown less promising findings, and com-
bined chemotherapy was considered as standard che-
motherapy, it seemed inappropriate to copy their
experiences verbatim. To our knowledge, the current study
is the largest to investigate the risk factors for incomplete
AC with combination chemotherapy after curative resection
of locally advanced GC. Our results confirmed that poor
patient condition (including an older age and high ASA
score) adversely affected compliance with AC and there
was a strong tendency towards statistical significance
that laparoscopic surgery could improve compliance

(P= 0.050) [15, 31]. Patients with stage II disease had
poorer compliance to AC, probably due to its relatively
lower risk of relapse and some patients may receive S-1
alone for their chemotherapy regime.

Malnutrition is common in GC patients due to the
malignant disease process and its attendant anorexia and in
some cases pyloric obstruction. Recently, emerging evi-
dence has demonstrated the prognostic value of the nutri-
tional status of patients in various malignancies
[12, 13, 21, 22]. Possible explanations include that mal-
nutrition cripples the immune system, suppresses cell-
mediated immunity, which is essential in defending cancer
and thus facilitating metastasis. Malnutrition also increases
the risk of postoperative infection, thus activating systemic
inflammatory responses and reducing the therapeutic effi-
cacy of treatment regimens [12, 32].

It is well known that systemic inflammatory responses
play a critical role in the prognosis of cancer patients.
Several reasons lay behind this association, such as
impairment of immune functions and the production of
various inflammatory cytokines and as a result tumor pro-
liferation and progression is stimulated [33]. The number of
CD4+ T cells, which recognize tumor antigens and activate
CD8+ T cells leading to cytotoxic effects on tumor cells,
was decreased in the tumor microenvironment in low PNI
GC patients and was associated with poor prognosis [34].
Our previous study found that both low albumin levels
(<33 g/L) and lymphocyte counts (<1.5 × 109/L) were
independent predictors for OS in stage II/III GC [22]. PNI,
which was simply calculated according to the albumin level
and lymphocyte count, reflecting both malnutrition and
systemic inflammation, has been identified as a reliable
indicator for postoperative complications and the prognosis
of various malignancies [12, 13]. But, the potential influ-
ence of PNI on AC has never been thoroughly investigated.

The present study has demonstrated for the first time that
a low PNI, indicating malnutrition and inflammatory sup-
pression, is an independent predictor for incomplete AC
after gastrectomy. Possible explanations for this association
include malnutrition leading to sarcopenia, physical frailty,
poor quality of life, postoperative infection complications
and an increased risk of chemotherapy-induced toxicity
[12, 32]. Several studies have confirmed that perioperative
nutrition support, either enteral immunonutrition or n-3 fatty
acid-based parenteral nutrition, could significantly improve
postoperative nutritional status and immunity, resulting in a
decrease in postoperative complications and infections in
cancer patients [32, 35]. To the best of our knowledge,
whether nutritional intervention could improve complete-
ness of AC has never been fully investigated.

With respect to outcomes, both a low PNI and incom-
plete AC were identified to be independent risk factors for
prognosis in our study, a finding consistent with previous

Table 3b Multivariate analysis of possible predictors for completeness
of adjuvant chemotherapy following surgery for stage II/III gastric
cancer (n= 1288)

Variables Odds
ratio [OR]

95% CI P value

Age ≥ 65 years 1.997 1.416–2.818 <0.001

American Society of
Anesthesiologist score ≥3

1.922 1.209–3.054 0.006

TNM stage II 1.426 1.097–1.854 0.008

The prognostic nutritional
index <43.9

1.380 1.045–1.822 0.023

Laparoscopic surgery 0.727 0.528–1.001 0.050

CI confidence interval
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reports [10–13, 26]. Further analysis revealed that patients
with both a low PNI and incomplete AC had the worst
outcomes compared with those with either or none of these
two risk factors as shown in Fig. 2. Thus, for the first time,

an additive effect was confirmed in patients with both low
PNI and incomplete AC. Our results emphasize the
importance of nutrition support for potential malnutrition in
GC patients undergoing surgery and chemotherapy and it

Table 4 Univariate and multivariate analyses of prognostic factors for cancer-specific survival after curative resection of stage II/III gastric cancer
(n= 1288)

Variables N 5-year CSS rate UV P value MV HR (95% CI) MV P value

Gender

Male 852 55.4% 0.686

Female 436 54.8%

Age (years)

≥65 269 54.8% 0.262

<65 1019 55.2%

BMI (kg/m2)

≥18.5 1130 56.5% 0.079

<18.5 158 45.6%

ASA score

≥3 152 48.7% 0.179

<3 1136 56.5%

Comorbidities

Yes 392 58.4% 0.166

No 896 53.3%

Anemiaa

Yes 780 56.2% 0.195

No 508 53.9%

The prognostic nutritional index 0.011

<43.9 386 49.8% 0.004 1.287 (1.058–1.565)

≥43.9 902 57.5%

Adjuvant chemotherapy

Incomplete 882 51.6% <0.001 1.667 (1.342–2.071) <0.001

Complete 406 62.8%

Type of resection

Total gastrectomy 341 41.5% <0.001 1.736 (1.422–2.119) <0.001

Subtotal gastrectomy 947 60.0%

Operation method

Open 1088 55.1% 0.569

Laparoscopy 200 54.8%

Operation time

≥240 min 278 51.5% 0.059

<240 min 1010 56.2%

Intraoperative blood loss

≥300 mL 275 44.5% 0.001 0.096

<300 mL 1013 58.2%

pTNM stageb

III 868 46.9% <0.001 2.786 (2.169–3.579) <0.001

II 420 72.4%

Perioperative blood transfusion

Yes 286 46.5% <0.001 1.263 (1.021–1.563) 0.032

No 1002 57.7%

Postoperative complication

Yes 118 47.5% 0.061

No 1170 55.7%

BMI body mass index, ASA American Society of Anesthesiologist, CSS cancer-specific survival, CI confidence interval, HR hazard ratio, UV
univariate analysis, MV multivariate analysis
aDefined as hemoglobin level <120 g/L in male and <110 g/L in female
bTumor stages are based on eighth edition of AJCC TNM classification
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seems reasonable to assume that appropriate nutrition
intervention could improve the prognosis of these patients.
Immunonutrition intervention may reverse the status of
malnutrition and inflammatory suppression for example by
raising the CD4/CD8 ratio, thus improving cytotoxic effects
on tumor cells leading to an improvement in the prognosis
[32, 34]. In addition, nutrition intervention may reduce
postoperative infection complications and toxicity induced
by chemotherapy [12, 32]. This intervention may improve
compliance with AC and finally improve the outcomes for
patients. Further large-scale prospective studies are needed
to confirm this hypothesis.

Although the present study has revealed some important
findings, it has a number of limitations, first and foremost
being that it was a retrospective and single-institution study.
Second, the median follow-up time (29 months) was rela-
tively short, thus later tumor recurrence and death of
patients could not be recorded. Third, although patients
undergoing AC was usually treated with fluorouracil and
platinum based regimens (oxaliplatin and capecitabine/S-1),
several other combinations of anticancer drugs have been
used in our hospital including epirubicin, cisplatin plus
fluorouracil [36] and oxaliplatin plus fluorouracil/leucov-
orin [37]. The incidence and severity of chemotherapy-
induced toxicity and the treatment interval (tri-weekly or bi-
weekly) might also affect the completeness of AC. Fourth,
considering only 148 patients (8.6%) who received neoad-
juvant chemotherapy during the study process, and the

pathological tumor stage after neoadjuvant chemotherapy
(yp TNM stage) may be different from those patients who
underwent surgery first, thus we excluded these patients
from the present study. However, more and more pro-
spective large-scale studies have demonstrated that neoad-
juvant chemotherapy can improve OS in patients with
advanced GC. As a result, this may impact on the gen-
eralizability of our conclusions. Last, but by no means least,
the exact reason for discontinuing AC was not investigated
in the present study. In China as a developing country,
except for malnutrition and adverse events caused by che-
motherapy, the type of medical insurance held and the
economic burden might also significantly impact on com-
pliance with AC, which might serve as a confounding factor
in our study. Although the follow-up period was short in our
cohort, the majority of GC patients will relapse within 2
years after curative resection [3]. Notwithstanding these
limitations, this is the first study to investigate the impact of
preoperative PNI on the completeness of AC and the
potential additive effects of PNI and completeness of AC on
the prognosis of stage II/III GC after curative resection,
based on a large cohort of patients.

In conclusion, we found that preoperative low PNI was an
independent risk factor for incompleteness of planned AC
after curative resection of stage II/III GC. Both low PNI and
incomplete AC were significantly associated with a worse
CSS, and there was a synergistic adverse effect of both low
PNI and incomplete AC. As poor immunological and
nutritional status had an independent and also additive effect
with incomplete AC on outcomes after gastrectomy for GC,
further prospective studies are needed to clarify whether
nutrition intervention could improve compliance with AC
and as a result improve the prognosis of GC patients.
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