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OBSERVATIONAL STUDY

A Prognostic Model Using Inflammation- and Nutrition-
Based Scores in Patients With Metastatic Gastric
Adenocarcinoma Treated With Chemotherapy
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and Kun-Ming Rau, MD

Abstract: The outcomes of patients with metastatic gastric cancer
(mGC) are poor. Recent studies have identified the prognostic impact of
inflammatory response and nutritional status on survival for patients
with gastric cancer. This study aims to create a prognostic model using
inflammatory- and nutrition-based scores to predict survival in patients
with mGC treated with chemotherapy.

After institutional review board approval, patients who had mGC
and were treated with chemotherapy from 2007 to 2012 at Kaohsiung
Chang Gung Memorial Hospital were retrospectively reviewed. Sig-
nificantly predictive factors were identified by multivariate Cox
regression analyses. Based on these variables, a prognostic model using
inflammatory- and nutrition-based scores was constructed to predict
survival. Kaplan-Meier curves were plotted to estimate overall survival.
The c-statistic values with 95% confidence interval (CI) were also
calculated to access their predicting performances.

Our study consisted 0f 256 patients with a median age of 60 years and a
median follow-up visit of 18.5 months. Multivariate analyses showed that
neutrophil to lymphocyte ratio (NLR), modified Glasgow prognostic
score (mGPS), and Patient-Generated Subjective Global Assessment
(PG-SGA) were independently related to survival. After computing these
scores, patients were classified into favorable-, intermediate-, and poor-
risk groups. The median overall survival were 27.6 versus 13.2 versus 8.2
months in favorable, intermediate, and poor-risk groups, respectively. The
2-year survival rate was 52% versus 16% versus 3% in favorable-,
intermediate-, and poor-risk groups, respectively. (P < 0.001). The c-
statistic value of our model at 2 years is 0.8 (95% CI, 0.75-0.86).

NLR, mGPS, and PG-SGA were independently related to survival.
Our prognostic model using inflammatory- and nutrition-based scores
could provide prognostic information to patients and physicians.
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Abbreviations: CI = confidence interval, CRP = C-reactive
protein, ECOG PS = Cooperative Oncology Group performance
status, mGC = metastatic gastric cancer, mGPS = modified
Glasgow prognostic score, NLR = neutrophil to lymphocyte
ratio, OS = Overall survival, PG-SGA = Patient-Generated
Subjective Global Assessment, ROC = Receiver operating
characteristic.

INTRODUCTION

atients with metastatic gastric cancer (mGC) tend to have

miserable prognosis. Although the outcomes of patients
with mGC have been shown to improve over time, the median
overall survival remains below 1 year.! Currently, a fluoropyr-
imidine-based plus platinum-based combination chemotherapy
with or without a third drug is the standard treatment for patients
with mGC. In 2006, a remarkable, randomized, multinational
phase III study demonstrated that adding docetaxel to 5-fluor-
ouracil plus cisplatin significantly improved survival and
response rate in mGC (23% risk reduction; P =0.02).> For
mGC patients with human epidermal growth factor receptor 2
positive, Trastuzumab in combination with chemotherapy exhi-
bits a greater survival benefit than chemotherapy alone (26%
risk reduction; P =0.0046).> A novel targeted therapy with
Ramucirumab also has survival benefits in mGC patients
progressing after first-line chemotherapy (22.4% risk reduction;
P=0.047)." Despite the better achievements in biological
therapies and medical management, the outcome changes little
in the last few decades.

Recent studies have identified the prognostic impact of
inflammatory response and nutritional status on survival of
patients with gastric cancer. Notably, the neutrophil to lympho-
cyte ratio (NLR) has been shown to be an independent factor.
Graziosi et al® showed elevated preoperative NLR predicts poor
overall survival following resection for gastric adenocarcinoma.
Mohri et al® verified the high NLR as a predictor for poor
prognosis in patients with mGC. Cho et al” also confirmed that
pretreatment NLR is a useful prognostic marker in patients with
mGC who are undergoing palliative chemotherapy. Interest-
ingly, a latest literature indicated that modified Glasgow prog-
nostic score (mGPS) is a robust predictor of gastric cancer
survival as compared with NLR.® mGPS is an inflammation-
based score and is calculated on the basis of serum albumin and
C-reactive protein (CRP) level. Several prospective cohort
studies have also confirmed that mGPS were significant inde-
pendent ;i)redictors of overall survival in patients with advanced
cancer.”!? Furthermore, Patient-Generated Subjective Global
Assessment (PG-SGA) is a useful tool to access the nutrition
status of patients and has been correlated with cancer cachexia
and prognosis.'"'? Although the prognostic influences of
inflammatory response and nutrition status are well-established,
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no risk model based on these scores has been provided. There-
fore, this present study aims to construct a prognostic model to
predict survival using inflammation- and nutrition-based scores
in patients with metastatic gastric adenocarcinoma treated
with chemotherapy.

PATIENTS AND METHODS

Patients Selection

Patients who were diagnosed to have mGC from 2007 to
2014 at Kaohsiung Chang Gung Memorial Hospital were
reviewed. Inclusion criteria were age >18 years, histologically
confirmed gastric adenocarcinoma, integrated information
(NLR, mGPS and PG-SGA) within 1 week before chemother-
apy, and receiving at least 1 cycle of chemotherapy for their
mGC. Chemotherapy regimen was decided at the discretions of
physicians. Exclusion criteria were palliative chemotherapy-
naive, incomplete relevant laboratory data, clinical evidence of
infection or other inflammation condition, double cancers, and
irregular follow-up visiting. After a retrospective chart review, a
total 673 patients were pathologically diagnosed to have gastric
cancer. Only 281 patients developed metastatic disease in the
follow-up period. After excluding those who did not receive
palliative chemotherapy, 256 patients were enrolled into our
study. This study was approved by the Institutional Review
Board of Chang Gung Memorial Hospital.

Data Collection

Data on patient demographics, Eastern Cooperative Oncol-
ogy Group performance status (ECOG PS), pathology differ-
entiation, metastatic sites, NLR, mGPS, PG-SGA, first-line
chemotherapy regimen for mGC, and survival time after che-
motherapy were retrospectively obtained from medical charts.
Chemotherapy regimen was decided by physician’s discretions.
Patients’ inflammatory response and nutritional status were
evaluated within 2 weeks before their first cycle of chemother-
apy. NLR was calculated as the absolute neutrophil count
divided by the absolute lymphocyte count. The cuffoff level
of NLR was set to be 3 according to definition of previous
literatures.'*'* A mGPS score of 2 was assigned if both albumin
was <3.5 g/dL and CRP concentration was >10 mg/L, mGPS of
1 if albumin was >3.5g/dL and CRP concentration was
>10mg/L, and mGPS of 0 if CRP concentration was
<10mg/L despite of albumin level. PG-SGA was also utilized
for nutrition stratification by dietitians. This tool was used as
described by Read et al.'> PG-SGA category A refers to well
nourished, category B refers to moderately malnourished, and
category C refers to severely malnourished.

Statistical Analysis

All the clinical variables were presented with frequencies.
Continuous variables such as NLR were converted to categori-
cal variables using established cut points. We conducted Cox
regression models with “‘enter” selection to adjust for the
effects of potential confounders for univariate and multivariate
analyses. It is considered to be statistically significant if
P <0.05. A prognostic model was developed by counting the
number of these unfavorable features in each patient for pre-
dicting prognosis. PG-SGA category A or B was counted as 0,
and category C was counted as 1. Similarly, mGPS 0 or 1 was
numbered as 0, and mGPS 2 was numbered as 1. NLR <3 was
defined as 0 and higher was defined as 1. After computing these
scores, patients were classified into favorable-, intermediate-,
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and poor-risk groups. Kaplan-Meier curves were estimated for
overall survival (OS). OS was calculated from the beginnings of
chemotherapy until death or the last visiting. Receiver-operat-
ing characteristic (ROC) curves and the area under the curve (c-
statistic) with 95% confidence interval (CI) were also calculated
to access their predicting performances.

RESULTS

Among these 256 patients with mGC, the median age was
60 years (range: 26—85 years). After a median follow-up visit of
19.4 months (1.9—61.6 months), 77% patients died because of
their disease. Table 1 provides a summary of clinical charac-
teristics of our patients. Most patients were male (69%), older
than 60 years (55%), better ECOG PS (72%) and well or
moderate differentiation (59%). Approximately, 80% patients
had liver metastasis, followed by lymph node (72%),

TABLE 1. Clinical Characteristics of Patients With Metastatic
Gastric Cancer

Total
N=256

Sex

Male 176 69%

Female 80 31%
Age,y

<60 116 45%

>60 140 55%
ECOG PS

<1 184 72%

>1 72 28%
Pathology differentiation

Well or moderate differentiation 150 59%

Poorly or undifferentiation 106 41%
Metastatic sites

Liver 202 79%

Lymph node 185 72%

Peritoneum 81 31%

Lung 36 14%

Bone 27 11%

CNS 6 2%
NLR

High 130 51%

Low 126 49%
mGPS

0 66 26%

1 100 39%

2 90 35%
PG-SGA

A 80 31%

B 94 37%

C 82 32%
First-line chemotherapy

Fluoropyrimidine and Platinum based 217 85%

Fluoropyrimidine only 39 15%

CNS =central nerve systerm, ECOG PS=Eastern Cooperative
Oncology Group performance status, mGPS = modified Glasgow Prog-
nostic Score, NLR = neutrophil to lymphcyte ratio, PG-SGA = Patient-
Generated Subjective Global Assessment.
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peritoneum (31%), lung (14%), bone (11%), and central nerve
system (2%). Given the cutoff value of NLR was set to be 3, 130
patients had high NLR (51%) and 126 had low NLR (49%).
Meanwhile, around 39% patients were classified into mGPS 1
and 37% into PG-SGA category B. Regarding the treatment of
mGC, 85% patients received first-line chemotherapy regimen
with fluoropyrimidine- and platinum-based combination, pre-
dominantly capecitabine plus oxaliplatin. The remaining 15%
patients were treated with fluoropyrimidine-only regimen, such
as S-1, capecitabine, uracil-tegafur, and high-dose 5-fluorour-
acil plus leucovorin.

The Cox regression analyses of OS for all patients are
shown in Table 2. Univariate analysis showed that peritoneal
metastasis (P <0.001), NLR (P <0.001), mGPS (P =<.001),
and PG-SGA (P =<.001) were significant predictive factors.
Furthermore, multivariate analysis also demonstrated that per-
itoneal metastasis (P <0.006), NLR (P <0.007), mGPS
(P <0.001), and PG-SGA (P <.001) were positively correlated
with OS. The risk model and scoring system of prognostic score
generated from (3 coefficients of multivariate analysis are
shown in Table 3. The total prognostic scores range from 0
to 6. A prognostic model to predict survival in patients with
mGC treated with chemotherapy was constructed using inflam-
matory- and nutrition-based scores, including NLR, mGPS, and
PG-SGA. Finally, each patient was assigned according to their
prognostic scores, including favorable (sum score 0—2), inter-
mediate (sum scores 3—4), and poor (sum scores 5—6) risk
groups.

Using this risk model, patients were stratified to favorable-
risk groups (34%), intermediate-risk group (34%), and poor-risk
group (32%). Table 4 provided the oncologic outcomes of mGC
treated with chemotherapy stratified by risk groups. The median
OS were 27.6 versus 13.2 versus 8.2 months in favorable-,
intermediate-, and poor-risk groups, respectively. The 1-year
survival rate was 47% versus 27% versus 11%, 2-year survival

rate was 26% versus 8% versus 1%, and 3-year survival rate was
9% versus 0% versus 0% in favorable-, intermediate-, and poor-
risk groups, respectively. There were strong significant differ-
ences in OS and survival rates between these 3 groups
(P <0.001). The c-statistic value of this risk model was 0.63.
The survival curves were depicted in Figure 1.

The ROC curve analysis for outcomes at 1, 2, and 3 years
using the prognostic score were significantly higher than mGPS,
NLR, PG-SGA alone Table 5. The c-statistic at 1 year was 0.84
(95% CI, 0.79—0.88) for the prognostic score compared with
0.83 (95% CI, 0.77-0.88), 0.69 (95% CI, 0.62—0.75), and 0.73
(95% CI, 0.66—0.79) for mGPS, NLR and PG-SGA, respect-
ively (P <0.001). At 2 years, the c-statistic for the prognostic
score was 0.80 (95% ClI, 0.75—0.86) compared with 0.78 (95%
CI, 0.72-0.84), 0.73 (95% CI, 0.66—0.80), and 0.71 (0.64—
0.78) for mGPS, NLR, and PG-SGA, respectively (P < 0.001).
At 3 years, the c-statistic for prognostic score was 0.85 (95% CI,
0.79-0.90) compared with 0.83 (95% CI, 0.76-0.89), 0.77
(95% ClI, 0.69-0.85), and 0.78 (0.69-0.87) for mGPS, NLR,
and PG-SGA, respectively (P < 0.001). Figure 2 plotted the
ROC analysis using the prognostic score and other variables for
the outcome of 2-year mortality.

DISCUSSION

The prognosis of patients with mGC is poor. Standard
catatonic chemotherapy with fluoropyrimidine- and platinum-
based regimen is typically used as first-line treatment for mGC,
with median survival no >1 year.'® Therefore, it is clinically
valuable to identify significant variables to predict survival.
Base on this present study, we retrospectively constructed a
prognostic model using inflammatory- and nutrition-based
scores in patients with mGC treated with chemotherapy, includ-
ing NLR, mGPS, and PG-SGA. After scoring, each patient was
classified into favorable-, intermediate-, and poor-risk group.

TABLE 2. Univariate and Multivariate Cox Regression Analysis of Parameters Associated With Overall Survival

Univariate Multivariate

Variables Categories HR (95% CI) P HR (95% CI) P
Sex Male 1

Femal 1.07 (0.69-1.67) 0.754
Age =60 1

>60 1.36 (0.91-2.03) 0.132
ECOG PS <1 1

>1 1.01 (0.65-1.56) 0.964
Differentiation Well/moderate 1

Poorly 1.09 (0.72—1.63) 0.689
Liver metastasis Absence 1

Presence 1.13 (0.73-1.77) 0.580
Peritoneal metastasis Absence 1

Presence 3.35 (1.76—6.36) <0.001 2.55 (1.30-4.97) 0.006
NLR <3 1

>3 3.01 (1.96—4.63) <0.001 2.04 (1.22-3.40) 0.007
mGPS <1 1

>1 4.44 (2.78-7.09) <0.001 2.78 (1.60-4.83) <0.001
PG-SGA A/B 1

C 3.06 (1.98-4.71) <0.001 2.73 (1.73-4.29) <0.001

CI = confidence interval, ECOG PS = Eastern Cooperative Oncology Group performance status, HR = hazard ratio, mGPS = modified Glasgow
Prognostic Score, NLR =neutrophil to lymphcyte ratio, PG-SGA = Patient-Generated Subjective Global Assessment.
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TABLE 3. Risk Model and Prognostic Score of Metastatic Gastric Cancer Treated With Chemotherapy

Variables Categories B Coefficients P Points of Score
NLR <3 (Reference) 1 0

>3 0.13 0.025 1
mGPS =<1 (Reference) 1 0

>1 0.46 <0.001 3
PG-SGA A/B (Reference) 1 0

C 0.31 <0.001 2
Prognostic categories Total score
Favorable risk 0-2
Intermediate risk 3-4
Poor risk 5-6

mGPS = modified Glasgow Prognostic Score, NLR = neutrophil to lymphcyte ratio, PG-SGA = Patient-Generated Subjective Global Assessment.

TABLE 4. Survival Outcomes of Metastatic Gastric Cancer Stratified by Risk Groups

Favorable Risk
(Sum Score 0-2)

Poor Risk
(Sum Score 5-6)

Intermediate Risk
(Sum Score 3-4)

No. (%) 88 (34)

Overall survival (m) 27.6

1-year survival (%) 42 (47)

2-year survival (%) 23 (26)

3-year survival (%) 8(9)

P <0.0001

86 (34) 82 (32)
13.2 8.2
23 (27) 9 (11)
7(8) 1 (1)
0 (0) 0 (0)

<0.0001

The median OS and survival rates were all significantly different.
Tan et al’ also confirms the positive relationship between nutri-
tional status, inflammatory markers, and survival in patients with
advanced cancer. We believe this is a reliable prognostic model
and is useful for anticipation of outcomes, risks stratification in
clinical trials as well as patients counseling. Further external
validations are warranted to confirm our conclusion.

Recently, there are growing interests in exploring the
relationships between inflammatory response and oncologic
outcomes. The NLR in the peripheral blood has been demon-
strated to be a prognostic factor in various kinds of cancers,'’ 2°

1.0
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g
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.
E
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[
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Overall survival (m)

FIGURE 1. Overall survival of metastatic gastric cancer stratified
by risk groups.
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including gastric cancer.”?' The cutoff value of NLR was
inconclusive. Jung et al'® suggested that cutoff value 3.0
showed a significant prognostic effect on disease-free survival
(hazard ratio = 1.654; 95% CI, 1.088-2.515; P=0.019). Shi-
mada et al'* also showed NLR >3 was significant for predicting
survival. Thus, our study defines NLR 3 according to afore-
mentioned literatures. The possible mechanism for the poor
prognosis in patients with high NLR remains under investi-
gation. One explanation is that neutrophil may play both
promotion of cancer cell growth and metastasis and/or suppres-
sion of lymphocyte activity.”> Another explanation is decreased
lymphocyte count leads to diminish host’s cellular adaptive
immunity against cancer cells as well as unable to attack cancer
cells and eliminate nascent tumor cells.?®

Another scoring system of interest is the combination of
CRP and albumin, named mGPS. CRP is a highly sensitive, but
nonspecific inflammatory marker that can be expressed by
several cancer cells. It is widely accepted that an elevated
CRP level indicates a more aggressive malignant potential
and worsen outcomes. Hypoalbuminemia is known to be sec-
ondary to systemic inflammatory response. In particular,
previous studies had elucidated that hypoalbuminemia is sig-
niﬁcantl}l associated with poor prognosis in patients with gastric
cancer.>** The reason is that elevated CRP levels and hypoal-
buminemia have been shown to correlate with upregulation of
the inherent immune system, including complement and macro-
phage function.”® Thus, mGPS can reflect both the inflamma-
tory response, nutritional status in patients with mGC, and
predicts the survival outcomes.'®

For decades, nutrition has been an important issue in
patients with all kinds of cancer. Several tools were developed
to evaluate nutritional status for outcomes anticipation. Body

Copyright © 2016 Wolters Kluwer Health, Inc. All rights reserved.
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TABLE 5. Comparison of c-Statistic Value at 1, 2, 3 Years Using ROC Curve Analysis

c-Statistic Value With 95% Confidence Interval

1 Year

2 Year

3 Year

Prognostic sores
mGPS

NLR

PG-SGA

P

0.84 (0.79-0.88)

0.83 (0.77-0.88)

0.69 (0.62-0.75)

0.73 (0.66—0.79)
< 0.001

0.80 (0.75-0.86)

0.78 (0.72-0.84)

0.73 (0.66—0.80)

0.71 (0.64-0.78)
< 0.001

0.85 (0.79-0.90)

0.83 (0.76-0.89)

0.77 (0.69-0.85)

0.78 (0.69-0.87)
< 0.001

ROC =receiver-operating characteristic, nGPS = modified Glasgow Prognostic Score, NLR = neutrophil to lymphcyte ratio, PG-SGA = Patient-

Generated Subjective Global Assessment.

mass index (BMI) is one of the commonly used tool and was
estimated by physical condition.?® Moreover, Martin et al*’
suggest Cancer cachexia with skeletal muscle depletion is also a
strongly prognostic factor, independent of BMI. However, the
Oncology Nutrition Dietetic Practice Group of the American
Dietetic Association and Oncology Nursing Society recom-
mend the use of the PG-SGA for evaluation about nutritional
status in patients with all kinds of cancer.”® The PG-SGA was
assessed with a questionnaire about the weight of patients,
intake, symptoms, and functional ability, along with a detailed
physical examination by physicians and scoring of metabolic
abnormalities.'! PG-SGA is a convenient nutrition assessment
tool that allows for stratification and screening of malnutrition
patients with cancer.”

Our study is a retrospective chart review and may have
several potential biases. Meanwhile, one single-institutional
experience, a small size of our cohort, variable of chemotherapy
regimens and inconsistent follow-up duration, also limit the
power of our study. Furthermore, our prognostic model needs to
be validated in a larger patient cohort externally before clinical
use. Given these inevitable selection biases, which are inherent

ROC Curve

Sensitivity

A =Score

// ==*mPGS

0.2 / —NLR

/ ---PG-SGA

P =<0.001

0.0 T T T T T
0.2 04 0.6 08 1.0

1 - Specificity

FIGURE 2. Receiver-operating characteristic curve using the
prognostic score and other variables for the outcome of 2-year
mortality.
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to any retrospective studies, our work helps improving survival
prediction for patients with mGC treated with chemotherapy by
using inflammatory- and nutrition-based scores.

In conclusion, this retrospective study identified several
predictive factors for patients with mGC treated with che-
motherapy, including NLR, mGPS, and PG-SGA. Based on
these variables, a prognostic model was developed using
inflammatory- and nutrition-based scores. The OS and 2-year
survival rate are significantly different between these risk
groups. Taken together, our study is clinically useful for out-
comes prediction, consultation as well as risks stratification in
clinical trials.
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