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a b s t r a c t

Background: Advanced gastric cancer (AGC) causes debilitating malnutrition and leads to deterioration of
the immune response. However, the concept of the prognostic nutritional index (PNI) is controversial
when applied to patients with AGC. The aim of the present study was to evaluate the effect of the PNI
after gastrectomy in patients with AGC.
Materials and methods: A multicenter retrospective study was conducted using propensity score
matching (PSM) in gastric adenocarcinoma patients who underwent resection via laparoscopic or open
surgery between 2014 and 2017. To overcome selection bias, we performed 1:1 matching using 5
covariates.
Results: The resection margins (P < 0.001) and LNM (P ¼ 0.004) were significantly different between the
two groups. In univariate analysis, poor tumor differentiation (P ¼ 0.038) (R1þR2, P ¼ 0.004), vascular
and neural invasion (P < 0.001), and a PNI<50 (P < 0.001) were associated with poor recurrence-free
survival (RFS). In multivariate analysis, a PNI<50 (hazard ratio (HR), 12.993; P < 0.001) was a risk fac-
tor for RFS. Univariate analysis for overall survival (OS) revealed that a PNI<50 (P < 0.001)
(R1þR2,P ¼ 0.006) and vascular and neural invasion (P < 0.001) were risk factors. In subsequent
multivariate analysis, a PNI<50 (HR, 24.501; P < 0.001) was a significant risk factor for OS. Clinical as-
sessments performed during a 12.34 (±5.050) month follow-up revealed that OS (P < 0.001) and RFS
(P < 0.001) were worse in patients with a low PNI (<50) than in matched patients with a high PNI.
Conclusion: A low PNI is a strong predictor of unfavorable RFS and OS in patients with AGC.

© 2018 Published by Elsevier Ltd.
Introduction

Worldwide, gastric cancer (GC) remains the fifth most common
malignancy [1,2]. Evenwith a decrease in the overall incidence, the
frequency of cancer in the upper third of the stomach and gastro-
esophageal junction (GEJ) has been increasing in both Asian and
Balde), gzlizhou@smu.edu.cn

work, including the design of
should be considered co-first
western countries [3e7] The lack of symptoms in early-stage dis-
ease or the presence of nonspecific symptoms mainly contributes
to the diagnosis of GC at an advanced stage [8], leading to a poor
prognosis [9]. Therefore, evaluation of the perioperative prognostic
nutritional index (PNI), immunocompetence and inflammatory
process can be useful in ameliorating symptoms or optimizing
patient care.

Since the first study on the PNI in 1980, many studies have
evaluated the impact of immunocompetence and nutritional con-
ditions compared with that of single variables [10,11]; these factors
were associated with many other malignancies [10,12,13]. Previous
studies have investigated the role of the PNI and postoperative
outcomes. In a study investigating the postoperative outcomes of
GC in elderly patients, the PNI was useful in predicting long-term

mailto:kitimmaibrahima@yahoo.fr
mailto:gzlizhou@smu.edu.cn
http://crossmark.crossref.org/dialog/?doi=10.1016/j.ejso.2018.09.004&domain=pdf
www.sciencedirect.com/science/journal/07487983
www.ejso.com
https://doi.org/10.1016/j.ejso.2018.09.004
https://doi.org/10.1016/j.ejso.2018.09.004
https://doi.org/10.1016/j.ejso.2018.09.004


Z. Luo et al. / European Journal of Surgical Oncology 45 (2019) 425e431426
related factors. Another study demonstrated that preoperative
nutrition may impact the short and long-term outcomes of patients
with certain types of disease.

Advanced gastric cancer (AGC) can cause malnutrition and
deterioration [14] because of obstruction and bleeding, which may
lead to impaired immunocompetence and decreased nutritional
conditions [15]. The PNI can be a good tool to predict outcomes;
however, the clinical significance of the PNI in AGC remains
controversial. Propensity score matching (PSM) increases the reli-
ability of results and helps overcome selection bias in retrospective
studies. Thus, an appropriate way to estimate the exposure effect
without increasing bias is to include all variables related to out-
comes regardless of exposure. Therefore, we conducted the present
study to evaluate the role of the PNI in outcomes related to AGC.
Materials and methods

The present study is a multicenter retrospective analysis of 260
gastric adenocarcinoma patients who underwent open or
laparoscopy-assisted gastrectomy (LAG) surgery with radical
resection from 2014 to 2017 at three different institutions. How-
ever, only 230 patients met the study criteria and were enrolled in
the present study. The following inclusion criteriawere considered:
gastric adenocarcinoma diagnosed via computed tomography (CT),
GC confirmed via pathology, and the presence or absence of lymph
node (LN) metastasis. The following exclusion criteria were
considered: infection and history of inflammatory disease,
including vasculitis, systemic lupus erythematosus (SLE), and
rheumatologic condition (n¼ 7); history of preoperative anticancer
chemotherapy or any cancer-related surgery (n¼ 20); and history
of steroid medication use (n¼ 3). The flow diagram for study sub-
ject screening and grouping is shown in Fig. 1. Patients underwent
detailed laboratory evaluation, including blood count, medical
history review, endoscopic ultrasonography (EUS) and abdominal
CT. Standard demographic and clinicopathological data, including
sex, age, body-mass index (BMI), symptoms, tumor location and
size, and pathological results, were collected. Surgical details,
including operation time and data from the last follow-up,
including tumor recurrence and death, were collected and
analyzed.
Fig. 1. Flow chart.
Tumors were staged according the International Agency Cancer
Classification for GC. Tumor-node-metastasis (TNM) stages II to IV
(with resectable liver metastasis) of patients with primary gas-
trectomy were included in the present study. All patients under-
went potentially curative radical resection with D2
lymphadenectomy. Based on a previous study, PNI was calculated
as follows: 10 � serum albumin (g/dl)þ0.005 � lymphocyte count
(per mm3). All patients were reviewed by a multidisciplinary team
(MDT) that included surgical oncologists, pathologists, and medical
oncologists. All patients provided written informed consent. The
present study was approved by the Ethics Committee of Zhujiang
Hospital.

PSM

To overcome selection biases, we performed a 1:1 matching for
each patient using 5 covariatesdage, tumor size, BMI, tumor stage,
and sexdto generate propensity scores. A total of 64 patients with a
PNI<50 and 166 patients with a PNI�50 were divided into 64 pairs.
The overall survival (OS) and disease-free survival (DFS) rates were
compared between the two matched groups. The best way to es-
timate the exposure effect without increasing the bias is to include
all variables that are related to outcomes regardless of exposure.

Statistical analyses

Continuous variables are presented as the mean± standard de-
viation or median (interquartile range), depending on their
normality, and categorical variables are presented as frequencies and
percentages. The differences between clinicopathological charac-
teristics grouped by the preoperative PNI were compared using
Pearson's c2 test for categorical variables and theWilcoxon rank sum
test for continuous variables. Survival curves and 3-year OS rates
were determined using the Kaplan-Meier method with univariate
analysis, and differences were compared using the log-rank test. A
Cox proportional hazard model of multivariate analysis was used for
the calculation of independent prognostic factors. Variables with
P< 0.05 by univariate analysis were subjected to multivariate ana-
lyses. Each test was two tailed. Data management and statistical
analyses were performed using SPSS software (SPSS 20.0, Chicago, IL,
USA). P< 0.05 was considered statistically significant.

Results

Patient population and clinicopathological characteristics

The patient population and clinicopathological characteristics
are presented in Table 1. After PSM, there were no significant dif-
ferences between the groups in terms of age, sex, American Society
of Anesthesiologists (ASA) grade, tumor size, number of LNs
retrieved, or TNM stage. However, operation time and LN metas-
tasis were significantly different (P¼ 0.029 and P¼ 0.044, respec-
tively) between the two groups. Positive resection margins
(P<0.001) were significantly different between the two groups.
Blood transfusion (P¼ 0.593) and complications (P¼ 0.818) were
not significantly different between the two groups.

Univariate and multivariate analyses for RFS and OS
In univariate analysis, poor tumor differentiation (hazard ratio

(HR), 2.311; 95% confidence interval (CI), 1.045, 5.108; P ¼ 0.038),
positive resection margins (R1þR2) (HR, 2.131; 95% CI, 1.278,3.555;
P ¼ 0.004) and a low PNI (HR, 12.993; 95% CI, 5.911, 28.560;
P< 0.001) were associated with a poor prognosis. Cox multivariate
analysis demonstrated that only a low PNI (P< 0.001) was inde-
pendently associated with poor RFS as shown in Table 2.



Table 1
Clinicopathological characteristic of low versus high PNI for gastric cancer after propensity score matching.

Characteristic Total PNI�50 PNI<50 Statistic (c2/Z) P

(n¼ 128) (n¼ 64) (n¼ 64)

Age (year)a 54.0± 12.3 53.4± 12.5 54.6± 12.2 �0.381 0.703
Sex 0.034 0.855
female 47(36.7) 24(51.1) 23(48.9)
male 81(63.3) 40(49.4) 41(50.6)

ECOG score f 0.898 0.728
0 6(4.7) 2(33.3) 4(66.7)
1 104(81.3) 52(50.0) 52(50.0)
2 þ 3 18(14.1) 10(55.6) 8(44.4)

ASA score 0.956 0.620
1 47(36.7) 26(55.3) 21(44.7)
2 59(46.1) 27(45.8) 32(54.2)
3 22(17.2) 11(50.0) 11(50.0)

Symptoms 0.508 0.476
yes 72(56.3) 34(47.2) 38(52.8)
no 56(43.8) 30(53.6) 26(46.4)

Comorbidity 1.647 0.199
yes 47(36.7) 27(57.4) 20(42.6)
no 81(63.3) 37(45.7) 44(54.3)

Operation method 0.150 0.699
total gastrectomy 38(29.7) 18(47.4) 20(52.6)
distal þ partial gastrectomy 90(70.3) 46(51.1) 44(48.9)

Tumor size (cm) 0.667 0.414
<5 96(75.0) 50(52.1) 46(47.9)
�5 32(25.0) 14(43.8) 18(56.3)

Tumor differentiation 4.616 0.099
well 21(16.4) 15(71.4) 6(28.6)
moderate 26(20.3) 12(46.2) 14(53.8)
poor 81(63.3) 37(45.7) 44(54.3)

Serosal invasion 2.213 0.331
T2 19(14.8) 8(42.1) 11(57.9)
T3 22(17.2) 14(63.6) 8(36.4)
T4 87(68.0) 42(48.3) 45(51.7)

Number of retrieved LNsb 22.0(21.0, 25.0) 22.0(21.0, 25.0) 22.5(21.0, 27.8) �0.591 0.554
LN metastasis 8.112 0.044
N0 31(24.2) 18(58.1) 13(41.9)
N1 34(26.6) 13(38.2) 21(61.8)
N2 24(18.8) 17(70.8) 7(29.2)
N3 39(30.5) 16(41.0) 23(59.0)

TNM staging 0.401 0.818
II 41(32.0) 20(48.8) 21(51.2)
III 71(55.5) 37(52.1) 34(47.9)
IV 16(12.5) 7(43.8) 9(56.3)

Tumor location 2.677 0.262
U 26(20.3) 14(53.8) 12(46.2)
M 41(32.0) 24(58.5) 17(41.5)
L 61(47.7) 26(42.6) 35(57.4)

Chemotherapy 0.076 0.783
yes 113(88.3) 57(50.4) 56(49.6)
no 15(11.7) 7(46.7) 8(53.3)

Operation time (min)b 270.0(195.5, 317.8) 270.0(202.5, 327.5) 269.5(192.0, 311.5) �0.458 0.647
Intraoperative bleeding (ml)b 167.5(100.0, 261.3) 192.0(127.3, 276.5) 142.0(100.0, 238.3) �2.177 0.029
Length of hospital stay (day)b 10.0(10.0, 11.0) 10.0(10.0, 11.0) 10.0(9.0, 11.0) �0.705 0.481
Time to first ambulation (day)b 2.0(1.0, 2.0) 2.0(1.0, 2.0) 1.0(1.0, 2.0) �1.477 0.140
Time to first flatus (day)b 3.0(2.0, 3.0) 2.0(2.0, 3.0) 3.0(2.0, 3.0) �1.745 0.081
Time to first liquid intake (day)b 6.0(5.0, 6.0) 6.0(5.0, 6.0) 6.0(5.0, 6.0) �0.265 0.791
Resection margins 14.366 <0.001
R0 103(80.5) 60(58.3) 43(41.7)
R1þR2 25(19.5) 4(16.0) 21(84.0)
Blood transfusion 0.286 0.593
yes 16(12.5) 7(43.8) 9(56.3)
no 112(87.5) 57(50.9) 55(49.1)

Complication 0.053 0.818
yes 23(18.0) 11(47.8) 12(52.2)
no 105(82.0) 53(50.5) 52(49.5)

PNI: Prognostic Nutritional Index; ECOG: Eastern Cooperative Oncology Group; ASA: American Society of Anesthesiologists; LN: Lymph Node; TNM: Tumor-Node-Metastasis;
U: Upper; M: Middle; L: Lower.

a Values are shown as the means±standard deviations.
b Values are shown as median (interquartile range).
f Fisher's exact test.
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Table 2
Univariate and multivariate analyses of risk factors related to recurrence-free survival after propensity score matching.

Characteristic Univariate analysis Multivariate analysis

HR 95% CI P HR 95% CI P

Age (year) 1.001 (0.980, 1.022) 0.940
Sex
female ref
male 1.062 (0.654, 1.724) 0.807

Symptoms
yes 1.072 (0.670, 1.715) 0.771
no ref

Operation method
distal þ partial gastrectomy ref
total gastrectomy 1.226 (0.735, 2.045) 0.434

Tumor differentiation
well ref
moderate 1.734 (0.706, 4.259) 0.230
poor 2.311 (1.045, 5.108) 0.038

State at diagnosis
asymptomatic ref
symptomatic 1.237 (0.755, 2.024) 0.398

LN metastasis
N0 ref
N1 1.444 (0.750, 2.779) 0.272
N2 1.193 (0.535, 2.661) 0.667
N3 1.337 (0.703, 2.540) 0.376

PNI
�50 ref ref
<50 12.993 (5.911, 28.560) <0.001 12.993 (5.911, 28.560) <0.001

Vascular and neural invasion
yes 5.762 (3.068, 10.822) <0.001
no ref

Operation time (min) 1.000 (0.997, 1.003) 0.866
Resection margins
R0 ref
R1þR2 2.131 (1.278, 3.555) 0.004
Blood transfusion
yes 1.137 (0.596, 2.171) 0.696
no ref

Complication
yes 1.067 (0.593, 1.920) 0.828

LN: Lymph Node; PNI: Prognostic Nutritional Index; HR: Hazard Ratio; CI: Confidence Interval; ref: Reference.
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Univariate analysis for OS showed that a low PNI (HR, 24.501;
95% CI, 5.994, 100.149; P < 0.001), positive resection margins
(R1þR2) (HR, 2.096; 95% CI, 1.242,3.536; P ¼ 0.006) and vascular
and neural invasion (HR; 95% CI, 17.933,2193.970; P< 0.001) were
associated with a reduction in OS. However, Cox multivariate
analysis showed that only a low PNI (P< 0.001) was independently
associated with decreased OS as shown in Table 3.

Follow-up

After AGC resection, clinical assessments were conducted for an
average of 12.34 (±5.050)months. During this follow-up period, the
OS (P< 0.001) and RFS (P<0.001) wereworse in patients with a low
PNI than in patients with a high PNI between the two matched
groups (Fig. 2 and Fig. 3). The means±standard deviations of the
total follow-up time for a PNI �50 and a PNI <50 were 11.55± 5.15
months and 13.14± 4.86 months, respectively.

Discussion

The findings of this study indicated that a low PNI may be an
independent predictor of prognosis in AGC. The results demon-
strated the importance of the PNI in estimating OS and RFS, which
were significantly different between patients with a low and high
PNI. Our findings are consistent with those of previous studies
[16e18], which also indicated differences between these two
groups. Hematogenous metastasis is a common concern during
initial recurrence in patients who experience anorexia and
cachexia. In this study, the tumor stagewas not associatedwith PNI,
which is in accordance with the findings of Katsunobo et al. These
authors did not find differences between the low and high PNI
groups in terms of stage II and III disease but found differences
among patients with stage I disease. In our study, only patients with
stage II to IV resectable disease were included. LN metastasis was
different between the two groups (P¼ 0.0440), which supported
the findings of a previous study by Yoshimoto et al. [19] who
demonstrated that PNI was related to invasion depth and LN
metastasis.

GC can sometimes cause nonspecific symptoms or can even be
asymptomatic at a very early stage. This condition can be a strong
factor that can negate a clinical or oncological treatment and its
results. Complete tumor removal after surgery or the possibility of
disease remission during treatment with curative intent is impos-
sible. The resection margins are crucial in determining the success
of an adopted definitive treatment. The residual tumor (R) classi-
fication denotes the absence or presence of residual tumor specif-
ically after surgical resection. In this study, there was a significance
difference between R0 and R1þR2 in the two matched groups.
R1þR2was associated with adverse prognostic factors in univariate
and multivariate analysis of OS and RFS. The R classification, which
can be used in many conditions including after surgery alone,
chemo radiotherapy alone, or MDT therapy, remains subject to



Table 3
Univariate and multivariate analysis of risk factors related to overall survival after propensity score matching.

Characteristic Univariate analysis Multivariate analysis

HR 95% CI P HR 95% CI P

Age (year) 0.996 (0.975, 1.018) 0.727
Sex
female ref
male 1.220 (0.723, 2.061) 0.456

Symptoms
yes 1.257 (0.768, 2.058) 0.362
no ref

Operation method
distal þ partial gastrectomy ref
total gastrectomy 1.433 (0.841, 2.441) 0.186

Tumor differentiation
well ref
moderate 1.436 (0.547, 3.773) 0.463
poor 1.963 (0.831, 4.636) 0.124

State at diagnosis
asymptomatic ref
symptomatic 1.469 (0.868, 2.484) 0.152

LN metastasis
N0 ref
N1 2.011 (0.998, 4.054) 0.051
N2 1.870 (0.781, 4.481) 0.160
N3 1.860 (0.922, 3.752) 0.083

PNI
�50 ref ref
<50 24.501 (5.994, 100.149) <0.001 24.501 (5.994, 100.149) <0.001

Vascular and neural invasion
yes 3.560 (1.862, 6.807) <0.001
no ref

Operation time (min) 1.000 (0.996, 1.003) 0.878
Resection margins
R0 ref
R1þR2 2.096 (1.242, 3.536) 0.006
Blood transfusion
yes 0.987 (0.488, 1.998) 0.971
no ref

Complication
yes 0.996 (0.531, 1.867) 0.989

LN: Lymph Node; PNI: Prognostic Nutritional Index; HR: Hazard Ratio; CI: Confidence Interval; ref: Reference.

Fig. 2. OS.
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Fig. 3. RFS.
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misinterpretation and inconsistent use despite the importance of
the resection margin status in the management of cancer patients.
These issues can negatively impact or negate the clinical value and
utility of the R classification.

The use of chemotherapy to ameliorate symptoms or extend
lifespan represents an important aspect of the postoperative
management of GC. However, Kanda et al. [16] did not find any
benefit of adjuvant chemotherapy for patients with a low PNI.
These authors found that an impaired immune nutritional status
reflected a reduction in the tolerance of the adverse effects of
chemotherapy, increasing the likelihood of disease progression and
deterioration of immunocompetence. A relation between chemo-
therapy or radiation and immunologic cell death (ICD) has been
reported [20,21]. Similarly, systematic inflammation and antitumor
responses are related to the activity of cytotoxic T lymphocytes,
which detect cancer cells. Therefore, with regard to patient im-
mune functions, the chemotherapy response in patients with
increased inflammation may be indicative of a poor prognosis.

As a predictive value, the PNI should be used to distinguish stage
I from III GC to select adjuvant chemotherapy to treat patients with
AGC. The expectation of better outcomes in stage I GC than in stage
III GC may indicate the need for intensive nutritional care for pa-
tients with stage II GC. Cancer cachexia syndrome [22,23] during
the progression of AGC may be related to obstruction that leads to
reduced food intake, hypoalbuminemia, weight loss and muscle
wasting. This condition is associated with nutritional impairment
and immune suppression [24,25] Moreover, anorexia-cachexia
syndrome is associated with shortened OS [26]. Therefore, the
PNI may be useful for the assessment of perioperative malnutrition
status to determine the strategy of nutritional care in AGC patients.
The postoperative nutritional status plays a role in the decision to
support or maintain nutritional status in the catabolic period after
tumor resection. Malnutrition substantially decreased after surgery
in 435 patients with GC [27]. Thus, the improvement of the nutri-
tional status before surgery may ameliorate the outcomes of GC
patients.
Several limitations of our study must be considered. First, this
study was retrospective; thus, selection bias might exist for the two
groups despite the use of PSM. Second, the follow-up period was
relatively short. Additionally, patients with different disease stages
and invasion statuses may not be well distributed between the two
groups because of the relatively small number of T2 and stage IV
cases. Nevertheless, the PNI was associated with OS, RFS, LN
metastasis and tumor infiltration.

Conclusion

The PNI is associated with OS and RFS. Thus, evaluation of the
preoperative nutritional status may provide better strategies for
long-term follow-up and indicate the need to adapt adjuvant
chemotherapy to improve the management of patients with AGC.
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