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Abstract

Purpose The prognostic nutritional index (PNI), like other systemic inflammatory markers, has been shown to be a prognos-
tic factor in various cancer patients. In this study, we aimed to show whether PNI calculated before adjuvant chemotherapy
is a prognostic factor for overall survival (OS) and disease-free survival (DFS) in patients with lymph node-positive stage
II-I1T gastric cancer.

Methods The PNI was calculated using the albumin and lymphocyte count. The PNI cut-off value was found to be 39.5.
They were divided into two groups as being <39.5 (PNI low group) and > 39.5 (PNI high group).

Results Our study included 168 patients with lymph node-positive stage II-11I gastric cancer who received adjuvant chemo-
therapy. Of the patients, 116 (69.0%) were 65 years or younger, and 52 (31.0%) were over 65 years old. Of the patients, 117
(69.6%) were pT3, 51 (30.4%) were pT4. Seventy-three (43.4%) patients had pN1-2 disease and 95 (56.6%) patients had
pN3 disease. The number of stage II patients was 73 (43.5%) and the number of stage III patients was 95 (56.5%). There
were 73 patients with PNI<39.5 and 95 patients with PNI>39.5. The mOS of the patients with low PNI group was 39.5
months, while the OS of the patients with high PNI group was 96.8 months (p=0.002). In the group of patients with PNI low
group, mDFS 24.4 months was significantly higher than those with PNI high group was 50.7 months (p=0.021). The PNI
score was statistically significant in univariate and multivariate analyzes for both DFS and OS.

Conclusion PNI can be used as an independent prognostic factor for both OS and DFS in patients lymph node-positive, stage
II-IIT gastric cancer who will receive adjuvant chemotherapy.

Key Points

1.Prognostic nutritional index, an inflammatory marker, has been shown to be a prognostic factor in cancer patients.
2.The prognostic nutritional index is an independent predictor of both disease-free survival and overall survival in patients
with lymph node-positive gastric cancer receiving adjuvant chemotherapy.

3.The prognosis is worse in those with a low prognostic nutritional index. Both overall survival and disease-free survival
times are significantly longer in those with a high prognostic nutritional index.
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Introduction

Gastric cancer (GC) is the 5th most common cancer and the
3rd most common cause of cancer-related deaths [1]. How-
ever, the long-term outcomes of patients with GC remain
poor, particularly for those with advanced disease. The
S-year survival rate in patients with early GC is 85-100%,
while it is only 5-20% for advanced GC patients [2]. Adju-
vant treatments are used after resection to improve survival
in patients with locally advanced GC [3]. Although there
is variability in the results of meta-analyses of phase III
studies showing the efficacy of adjuvant therapy in the lit-
erature, there are few meta-analyses that support a signifi-
cant survival advantage for adjuvant chemotherapy, and it
has been shown that the risk of death is reduced by 15%
in patients receiving adjuvant chemotherapy [4—6]. Cur-
rently, the Tumor-Node-Metastasis (TNM) classification
is the most generally accepted predictor of long-term out-
come and selection of adjuvant therapies for GC in clinical
practice [7]. Other biomarkers should be identified to more
precisely predict individual outcomes and develop individu-
alized treatment strategies for patients with GC. The rela-
tionship between cancer development and inflammation has
increased interest in the prognostic significance of inflam-
matory markers [8]. In cancer patients, serum albumin level
is an indicator of nutritional status and is also considered
a biomarker of immune inflammatory reaction [9]. It has
been reported that there is a significant relationship between
serum albumin level and C-reactive protein (CRP) level,
which is considered one of the markers of systemic inflam-
mation [10]. In addition, lymphocyte is widely accepted as
an important index on both immune inflammatory status
and body nutrition [11]. Based on these features, a prog-
nostic nutritional index (PNI) was created by combining the
serum albumin level with the total lymphocyte count [12].
In this study, we aimed to show whether the PNI calculated
before adjuvant chemotherapy in gastric cancer is a prog-
nostic factor for OS and DFS of patients.

Matrials and Methods
Study Population

For our study, the files of 1425 GC patients registered in
the archive of the medical oncology outpatient clinic of our
hospital were scanned. Patients who underwent primary
tumor surgery + D2 lymph node dissection between January
2015 and December 2018, had pathological T3/T4 tumor
and pathological lymph node positive, pathological stage 11
or stage III tumor, received at least 3 cycles of adjuvant che-
motherapy and were followed for at least 3 years, a total of

168 patients were included. Those with stage I or stage IV
tumors, pathological stage II-III and lymph node negative
and not receiving adjuvant chemotherapy, incomplete file
data, secondary malignancy or active autoimmune disease
were excluded from the study. Our study was approved by
the local ethics committee (Approval number:2022/3974).
This study was conducted in agreement with the Declara-
tion of Helsinki-Ethical principle.

Data Collection and Measurements

Gender, age, tumor localization, histological type, Her 2 sta-
tus, tumor size, pT stage, pN stage, pathological stage, lym-
phovascular invasion (LVI) and perineural invasion, stage,
type of adjuvant chemotherapy, adjuvant radiotherapy (RT),
death or recurrence were recorded from the files. In addition,
the laboratory parameters measured before adjuvant che-
motherapy, lymphocyte and albumin values were recorded.
The prognostic nutritional index score was calculated using
the formula (10 X serum Albumin, g/dL) + (0.005 X blood
lymphocyte count, unit/L) from lymphocyte and albumin
values. OS was defined as the time from diagnosis to death
from any cause. DFS was defined as the time from the start
of adjuvant chemotherapy in patients to relapse.

Statistical Analysis

SPSS (SPSS 22.0; IBM Inc., Chicago, IL, USA) program
was used for statistical analysis. Descriptive statistics were
presented as median (min-max) and percentage. Chi-square
test was applied for categorical variables. Kaplan-Meier
analysis was performed for OS and DFS analyses, and
log rank test was used. Univariate and multivariate ana-
lyzes were used to evaluate the prognostic value of each
variable for OS and DFS. Receiver operating characteris-
tic (ROC) curve analyzes were performed to determine the
optimal cutoff value of the PNI. The optimal cut-off values
for PNI were 39.5 with 50% sensitivity and 61% specific-
ity [AUC=0.558 (95% confidence interval [CI]: 0.471—
0.646)]. The PNI cut-off value was found to be 39.5. They
were divided into two groups as being <39.5 and >39.5.
Clinicopathological features and survival outcomes were
compared between the groups. A p value <0.05 was consid-
ered to be statistically significant.

Results

In our study, there were 168 patients who were operated
on and received adjuvant chemotherapy. The general char-
acteristics of the patients included in our study are given
in Table 1. Of the patients, 113 (67.2%) were male and 55
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Table 1 Comparison of Variable (n) Value (n:168)  PNI<39.5 (n:73) PNI>39.5(n:95) p
PNI<39.5 group and PNI>39.5
aroup Age 0.005
<65 years 116 (69.0%) 42 (25%) 74 (44.0%)
> 65years 52 (31.0%) 31 (18.4%) 21 (12.6%)
Gender 0.336
Female 55 (32.8%) 21 (12.6%) 34 (20.2%)
Male 113 (67.2%) 52 (30.9%) 61 (36.3%)
Tumor location 0.340
GEJ-Cardia 34 (20.2%) 17 (10.1%) 17 (10.1%)
Corpus 60 (35.8%) 24 (14.3%) 36 (21.5%)
Distal 74 (44.0%) 32 (19.0%) 42 (25.0%)
Histological type 0.044
Adenocarcinoma 139 (82.7%) 65 (38.7%) 74 (44.0%)
Singlet cell carcinoma 29 (17.3%) 8 (4.7%) 21 (12.6%)
Her 2 status 0.040
Negative 76 (60.2%) 27 (21.4%) 49 (38.8%)
1 positive 19 (15.0%) 9 (7.1%) 10 (7.9%)
2 positive 22 (17.4%) 9 (7.1%) 13 (10.3%)
3 positive 9 (7.4%) 7 (5.5%) 2 (1.9%)
Tumor size mm (mean + st.d.) 0.342
<55mm 87 (51.7%) 36 (21.5%) 51 (30.2%)
>55 mm 81 (48.3%) 37 (22.1%) 44 (26.2%)
T stage 0.281
T3 117 (69.6%) 49 (29.2%) 68 (40.4%)
T4 51 (30.4%) 24 (14.3%) 27 (16.1%)
N stage 0.490
N1-2 73(43.4%) 27 (16.1%) 46 (27.3%)
N3 95 (56.6%) 46 (27.3%) 49 (29.3%)
Grade group 0.084
Grade 1-2 97 (57.8%) 45 (26.8%) 52 (31.0%)
Grade 3 71 (42.2%) 28 (16.6%) 43(25.6%)
Perineural invasion 0.054
Yes 115 (68.5%) 54 (32.1%) 61 (36.4%)
No 53 (31.5%) 19 (11.3%) 34 (20.2%)
Lymphovascular invasion 0.805
Yes 118 (70.2%) 52 (31.0%) 66 (39.2%)
No 50 (29.8%) 21(12.6%) 29 (17.2%)
Stage 0.064
Stage 11 73 (43.5%) 28 (16.7%) 45 (26.8%)
Stage 111 95 (56.5%) 45(26.8%) 50 (29.7%)
Adjuvan chemotherapy regimen 0.081
FOLFOX/CAPEOX 86 (51.2%) 33(19.6%) 53(31.6%)
FUFA/Capecitabine 41 (24.4%) 24 (14.3%) 17 (10.1%)
CF + Taxane 41 (24.4%) 16 (9.5%) 25 (14.9%)
Adjuavant Radiotherapy 0.257
Yes 133 (79.2%) 60 (35.7%) 73 (43.5%)
No 35 (20.8%) 13(7.7%) 22 (13.1%)
Metastasis 0.990
Yes 88 (52.4%) 46 (27.4%) 42 (25.0%)
No 80 (47.6%) 27 (16.0%) 53 (31.6%)
Latest status <0.001
Live 76 (45.2%) 21(12.6%) 55 (32.6%)
Ex 92 (54.8%) 52 (30.9%) 40 (23.9%)
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Table 2 Univariate and multivariate analyses for overall survival

Univariate analyses Multivariate analyses
Variable HR 95% Cl p HR 95% Cl p
PNI 0.533 0.353-0.806 0.003 0.594 0.381-0.927 0.022
(£39.5vs.>39.5)
Sex 0.872 0.556-1.367 0.550
(Male vs. female)
Age 1.346 0.879-2.063 0.172 0.976 0.613-1.553 0.918
(L65 vs.>65)
Histological type 0.640 0.361-1.135 0.127
(Adeno ca/Singlet cell)
Tumor size 1.548 1.026-2.335 0.037 1.544 1.008-2.365 0.046
(<55 mm vs.>55 mm)
Lymphovascular invasion 2.557 1.542-4.306 <0.001 1.127 0.529-2.403 0.757
(Yes/No)
Perineural invasion 2.573 1.546-4.282 <0.001 2.068 0.977-4.375 0.057
(Yes/No)
Grade 1.500 0.993-2.267 0.054 0.952 0.593-1.514 0.822
(1-2/3)
N stage 3.449 2.126-5.595 <0.001 2.829 1.117-7.164 0.028
(1-2/3)
T stage 2.334 1.542-3.532 <0.001 1.855 1.171-2.940 0.008
(3/4)
Stage 3.351 2.098-5.353 <0.001 0.970 0.384-2.452 0.948
(I/111)
Adjuvant RT 0.872 0.504-1.509 0.624
(Yes/No)
Adjuvant CT
FOLFOX/XELOX reference reference 0.382
FUFA/Capecatibine 0.741 0.436-1.258 0.267
CF+-Taxane 1.086 0.661-1.784 0.744

(32.8%) were female. One hundred sixteen (69.0%) patients
were 65 years or younger, 52 (31.0%) patients were older
than 65 years. The Eastern Cooperative Oncology Group
(ECOG) performance status (PS) of 53 patients was 0,
ECOG PS 1 of 90 patients and ECOG PS 2 of 25 patients.
There was no statistically significant relationship between
ECOG PS and survival and metastasis. There were 3 groups
according to primary tumor location, 34 (20.2%) patients
had gastroesofagial junction-cardia tumor, 60 (35.8%)
patients had corpus tumor, and 74 (44.0%) patients had dis-
tal gastric cancer. Signet ring cell component was detected
in 29 (17.1%) of 168 patients. Nine patients were Her-2 3+.
The Her-2 status of 40 patients was not evaluated. They were
divided into two groups according to the median tumor size
as <55 mm and > 55 mm. There were 87 (51.7%) patients
with a tumor size of <55 mm and 81 (48.3%) patients with
a tumor size of >55 mm. One hundred seventeen (69.6%)
of the patients were pT3, 51 (30.4%) of them were pT4.
Seventy three (43.4%) patients had pN1-2 disease and 95
(56.6%) patients had pN3 disease. There were 97 (57.8%)
patients with grade 1-2 and 71 (42.2%) patients with grade
3. Perineural invasion was positive in 68.5% of the patients
and LVI was positive in 70% of the patients. There were
73 (43.5%) patients with stage II and 95 (56.5%) patients

with stage III. The 51.2% of patients received FOLFOX/
CAPEOX, 24.4% of FUFA/Capecitabine and 24.4% of
patients received CF +taxane adjuvant chemotherapy.
133 patients received adjuvant RT. During follow-up, 88
(52.4%) of the patients developed recurrence/metastasis.
Ninety-two (54.8%) patients died during follow-up.

Our study group was divided into two groups as
PNI<39.5 and PNI>39.5. There were 73 patients with
PNI<39.5 and 95 patients with PNI>39.5. Metastasis was
observed in 46 (52.4%) patients in the PNI low group and in
42 (25%) patients in the PNI high group (p=0.990). There
was a statistically significant difference between the groups
in terms of age, histology, and final status (p <0.05 for all)
(Table 1). The mOS of patients with PNI<39.5 was 39.5
(21.6-57.4) months, and those with >39.5 had a mOS of
96.8 (74.8-114.8) months. This difference was statistically
significant (p=0.002) (Fig. 1). In the group of patients
with PNI<39.5, mDFS (24.4 [5.6-43.1] months) was sig-
nificantly higher than those with >39.5 (50.7 [40.5-78.3]
months) (p=0.021) (Fig. 2). Median OS and DFS, PNI
were found to be statistically significantly lower in the low
group. In univariate analysis, PNI level (<39.5, >39.9),
sex (male, female), age (<65, > 65), histology, tumor size
(<55 mm, >55 mm), LVI, perineural invasion, grade, pT
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Table 3 Univariate and multivariate analyses for disease-free survival

Univariate analyses Multivariate analyses
Variable HR 95% Cl p HR 95% Cl p
PNI 0.594 0.397-0.889 0.021 0.625 0.405-0.964 0.034
(£39.5vs.>39.5)
Sex 0.938 0.606-1.451 0.773
(Male vs. female)
Age 1.297 0.849-1.979 0.229 1.007 0.630-1.609 0.976
(£65 vs.>65)
Histological type 0.626 0.348-1.127 0.119
(Adeno ca/Singlet cell)
Tumor size 1.477 0.986-2.213 0.059 1.156 0.752-1.777 0.508
(<55 mm vs.>55 mm)
Lymphovascular invasion 2.850 1.700-4.777 <0.001 1.491 0.765-2.903 0.241
(Yes/No)
Perineural invasion 2.789 1.683-4.622 <0.001 1.980 1.019-3.851 0.044
(Yes/No)
Grade 1.544 1.031-2.312 0.035 1.075 0.670-1.723 0.765
(1-2/3)
N stage 0.336 0.212-0.532 <0.001 1.394 0.575-3.382 0.463
(1-2/3)
T stage 2187 1.449-3.302 <0.001 1.982 1.228-3.200 0.005
(3/4)
Stage 3.054 1.949-4.785 <0.001 0.967 0.387-2.417 0.943
(I/111)
Adjuvant RT 0.892 0.532-1.494 0.663
(Yes/No)
Adjuvant CT
FOLFOX/XELOX reference reference 0.922
FUFA/Capecatibine 0.963 0.585-1.585 0.882
CF+-Taxane 1.077 0.661-1.756 0.765
Fig. 1 Kaplan—Meier survival Survival Functions
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Fig. 2 Kaplan—Meier survival curves of disease-free survival according to the prognostic nutritional index

stage, pN stage, pathological stage, adjuvant RT (yes, no),
adjuvant chemotherapy type were evaluated. PNI, tumor
size, LVI, perineural invasion, pN stage, pT stage, patho-
logical stage were found to be significant for OS (p <0.05
for all) (Table-2). In the multivariate analysis for OS, PNI,
tumor size, pN stage, pT stage were found to be signifi-
cant as prognostic markers (p=0.019, p=0.045, p=0.028,
p=0.008, respectively) (Table-2). A low PNI (hazard ratio
[HR],0.598; 95% CI, 0.388-0.919, P=0.019) was found to
be an independent prognostic factor that adversely affected
0OS, as aresult of cox multivariate analysis. In the univariate
analysis for DFS, PNI, LVI, perineural invasion, grade, pT
stage, pN stage, and pathological stage were found to be sta-
tistically significant (p <0.05 for all) (Table-3). In the final
multivariate analysis for DFS, PNI (<£39.5, >39.5), peri-
neural invasion status, and pT stage prognostic marker were
determined (p=0.032, p=0.040, p=0.020, respectively)

(Table-3). A low PNI (hazard ratio [HR],0.639; 95% CI,
0.424-0.963, P=0.032) was found to be an independent
prognostic factor that adversely affected DFS, as a result of
cox multivariate analysis.

Discussion

Prognostic nutritional index has been shown to be a prog-
nostic factor in many types of cancer. Lower PNI was found
to be associated with worse prognosis. In our study, we
found that patients with low PNI had significantly shorter
OS and DFS. We also show that PNI are independent pre-
dictors for OS and DFS. These results are compatible with
the literature.

In recent years, studies have increasingly focused
on assessing the prognostic significance of PNI as an
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indicator of the patient’s immunological and nutritional sta-
tus. Numerous studies have shown that PNI can be used as
a prognostic factor for survival in cancer patients [13]. The
prognostic effect of PNI has been extensively studied in can-
cer patients as well as in other diseases. Because the cancer
microenvironment is a dynamically changing environment,
the cut-off value for PNI was different in each study, and
clear values for practical use could not be determined [14].
For our study, the PNI cut-off value calculated by statisti-
cal analysis was 39.5. Nutritional factors play an important
role in GC prognosis and nutritional status is thought to be
a reflection of changes in the tumor microenvironment. It is
quite natural to discuss the effects of nutritional factors in
this disease process and treatment in malignant tumors of
the stomach, which is the most important organ related to
digestion and nutrition. It is thought that patients with high
PNI are in good nutritional status and have better tolerance
to treatment and, as a result, better adherence to treatment,
which is associated with better long-term prognosis [14].
Regarding the prognostic significance of PNI in GC, a
limited number of studies are available and a definite con-
sensus has not been established. In one of the first studies
evaluating PNI in GC, the relationship between the preop-
erative PNI value and the clinicopathological features of
the patients was investigated. In this study, it was reported
that low preoperative PNI value was significantly correlated
with greater tumor depth, lymph node metastasis, presence
of LVI, and PNI value was an independent prognostic indi-
cator in GC [15]. In another studies, Migita K. et al., in his
study, the differences in the causes of survival and death
between the PNI-high and PNI-low groups at each stage of
GC were investigated. In patients with stage I-III disease,
the PNI-low group had a significantly lower rate of OS
and relapse-free survival than the PNI-high group [16]. In
a meta-analysis of 10 studies involving 3396 patients with
GC, it was reported that a low PNI was an important predic-
tor of poor OS and postoperative complications. It has been
reported that low PNI is significantly associated with worse
OS in patients with stage I, II and III GC, but not in stage
IV. In addition, low PNI has been reported to be signifi-
cantly associated with more advanced tumor characteristics
such as older age, deeper tumor depth, positive lymph node
metastasis, more advanced TNM stages, and positive LVI
[17]. In a recent study investigating whether PNI is a prog-
nostic factor for survival in elderly GC patients after gas-
trectomy, the cut-off value for PNI was 46.5, and the 5-year
overall survival rate of patients with a PNI score <46.5 and
a PNI score >46.5 was found to be statistically significantly,
38.2% and 49.3% respectively. According to multivariate
analysis, PNI score was found to be an independent prog-
nostic factor. It has been reported that PNI can be used to
predict OS in elderly GC patients [18]. At the same time,
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malnutrition patients have a lower tolerance for adverse
drug reactions during chemotherapy, which requires inter-
ruption or discontinuation of chemotherapy, resulting in a
worse response to chemotherapy. As a simple and usable
nutritional test, PNI can be used as an indicator of individual
nutritional status and is widely used to predict the prognosis
of various malignancies as well as to assess whether periop-
erative and postoperative complications will develop [14,
19, 20]. There is no study in the literature showing that PNI
predicts the efficacy of adjuvant therapy in patients with
GC. Our study is the first to investigate this situation. In our
study, mOS 39.5 months and mDFS 24.4 months in patients
with low PNI were found to be significantly lower than the
group with high PNI (mOS 96.8 months and mDFS 50.7
months).

In a recent study, it was reported that the pre-treatment
systemic immun index (SII)-PNI score is an important indi-
cator for predicting the chemosensitivity of patients who
have locally advanced after capecitabine plus oxaliplatin
chemotherapy combined with sintilimab immunotherapy,
and may help identify high-risk groups and predict progno-
sis [21]. Based on this latest study, it was kind of confirmed
that pre-treatment PNI could also predict chemosensitivity.
For this reason, we have shown that we can predict the sur-
vival times of patients who receive adjuvant chemotherapy
in GC, and whether they will relapse or not, with the PNI
value checked before the treatment.

There are some limitations in our study. Since our design
was retrospective, we could not reach some parameters such
as comorbidities, weight change, medications used. Previ-
ous studies have always found different cutoff points for
PNI. Comparison of studies could be more accurate if the
exact cut-off value had been defined and validated. There-
fore, these data should be validated in a prospective study.

Conclusion

We showed that the PNI value measured before treatment
can be used as an independent prognostic factor for both OS
and DFS in patients who have undergone standard primary
tumor surgery, lymph node-positive, stage II-11I gastric can-
cer who will receive adjuvant chemotherapy. PNI, which is
calculated by lymphocyte and albumin values before treat-
ment, can be useful in identifying patients who will benefit
from adjuvant chemotherapy as an easy, simple and appli-
cable marker.
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