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OBSERVATIONAL STUDY

Clinical Implication of Inflammation-Based Prognostic Score
in Pancreatic Cancer

Glasgow Prognostic Score Is the Most Reliable Parameter

Suguru Yamada, MD, PhD, FACS, Tsutomu Fujii, MD, PhD, FACS, Norimitsu Yabusaki, MD,
Kenta Murotani, PhD, Naoki Iwata, MD, PhD, Mitsuro Kanda, MD, PhD, FACS,
Chie Tanaka, MD, PhD, Goro Nakayama, MD, PhD, Hiroyuki Sugimoto, MD, PhD,
Masahiko Koike, MD, PhD, Michitaka Fujiwara, MD, PhD, and Yasuhiro Kodera, MD, PhD, FACS

Abstract: A variety of systemic inflammation-based prognostic
scores have been explored; however, there has been no study to clarify
which score could best reflect survival in resected pancreatic cancer
patients.

Between 2002 and 2014, 379 consecutive patients who underwent
curative resection of pancreatic cancer were enrolled. The Glasgow
Prognostic Score (GPS), modified GPS (mGPS), neutrophil to
lymphocyte ratio (NLR), platelet to lymphocyte ratio (PLR), prog-
nostic index (PI), and prognostic nutritional index (PNI) scores for
each patient were calculated. Survival of each score was evaluated,
and correlations between the score selected on the basis of the
prognostic significance and various clinicopathological factors were
analyzed.

In the analysis of the GPS, the median survival time (MST) was
28.1 months for score 0, 25.6 for score 1, and 17.0 for score 2. As for
mGPS, the MST was 25.8 months for score 0, 27.7 for score 1, and 17.0
for score 2. Both scores were found to be significant. On the contrary,
there were no statistical differences in MST between various scores
obtained using the NLR, PLR, PI, or PNI. Multivariate analysis
revealed that lymph node metastasis, positive peritoneal washing
cytology, and a GPS score of 2 were significant prognostic factors.
There was also statistically significant correlation between the GPS
score and tumor location (head), tumor size (>2.0cm), bile duct
invasion, and duodenal invasion.

Our study demonstrated that the GPS could be an independent
predictive marker and was superior to other inflammation-based
prognostic scores in patients with resected pancreatic cancer.
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Abbreviations: CI = confidence interval, CRP = C-reactive protein,
ERCP = endoscopic retrograde cholangiopancreatography, GPS =
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Glasgow Prognostic Score, HR = hazard ratio, mGPS = modified
GPS, MST = median survival time, NLR = neutrophil to
lymphocyte ratio, OS = Overall survival, PI = prognostic index,
PLR = platelet to lymphocyte ratio, PNI = prognostic nutritional
index, UICC = Union for International Cancer Control.

INTRODUCTION

P ancreatic cancer continues to have the worst prognosis of all
gastrointestinal malignancies, with complete surgical resec-
tion offering the only possibility of a cure. A number of
clinicopathological factors, such as lymph node status,' tumor
size,” portal vein invasion,® surgical margin,* curative resec-
tion,” and adjuvant chemotherapy,® have been advocated as
prognostic indicators in patients with resected pancreatic can-
cer. On the contrary, it has been recognized that tumor pro-
gression and outcome are influenced by a variety of host-related
factors. In particular, some studies have shown that infiltration
of tumor microenvironment by inflammatory cells plays an
important role in tumor development and progression.”’
Furthermore, chronic inflammation represents both an import-
ant etiologic factor in the development of pancreatic cancer and
a reactionary process to pancreatic cancer.'’ Therefore, it is
important to understand the biological mechanisms that con-
tribute to tumor development and progression and to identify
host-related prognostic factors.

In recent years, the prognostic significance of a variety of
systemic inflammation-based prognostic scores has been
explored in different cancers such as lung, esophageal, color-
ectal, and renal.'' =" Among these prognostic scores, Glasgow
Prognostic Score (GPS) based on serum C-reactive protein
(CRP) and albumin, neutrophil to lymphocyte ratio (NLR),
platelet to lymphocyte ratio (PLR), prognostic index (PI) based
on CRP and white blood cell count, and prognostic nutritional
index (PNI) based on albumin and lymphocyte count are
recognized as useful in predicting outcomes after surgery in
regard to host-related factors.'® However, there has been no
study to clarify which inflammation-based prognostic score
could best reflect survival in a large cohort of resected pan-
creatic ductal adenocarcinoma patients.

The aim of the current study was to evaluate the clinical
value of various inflammation-based prognostic scores as pre-
dictors in our large cohort of patients who underwent curative
resection of pancreatic cancer and identify the most promising
scoring system and to statistically analyze the correlation
between the identified inflammation-based prognostic score
and clinicopathological factors.
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METHODS

Patient Selection

Between April 2002 and December 2014, 379 consecutive
patients who underwent curative resection of pancreatic cancer
at the Department of Gastroenterological Surgery (Surgery II),
Nagoya University Graduate School of Medicine, were enrolled
in this study. The Ethics Committee of the hospital approved the
study and informed consent was obtained from all patients for
the subsequent use of their resected tissues. In our institution,
endoscopic retrograde cholangiopancreatography (ERCP) and
stent implantation have been routinely performed in the patients
with jaundice before surgery. All of the patients in this study
underwent pancreatic resection after the preoperative serum
bilirubin level was normalized before surgery. The median
interval between the biliary drainage and surgery was 29 days.
A mesenteric approach and a nontouch isolation technique were
used, and extended radical lymph node dissection (D2) with
paraaortic lymph node sampling was performed on all patients
with no macroscopically apparent liver or peritoneal metas-
tases.'”!® Patients were followed for a median of 15.1 months
(range, 0.43—150.7 months) or until death.

Resected pancreatic tumors were pathologically confirmed
to be invasive ductal adenocarcinomas. Patients with intraductal
papillary mucinous neoplasms, endocrine tumors, or other cystic
tumors were excluded from this study. The TNM staging system
for pancreatic tumors of the Union for International Cancer
Control (UICC; seventh edition) was used.'® The following tumor
characteristics were examined microscopically postoperatively:
differentiation, invasion of the anterior pancreatic capsule or
retroperitoneal tissue, plexus invasion, resection margin, and
lymph node metastasis. The main pancreatic duct of the remnant
pancreas was pathologically examined by frozen section, and
negative surgical margins were confirmed during surgery.

Adjuvant chemotherapy comprised gemcitabine and/or S-
1, and the oral 5-fluorouracil prodrug tegafur with oteracil and
gimeracil. Unless contraindicated by the patient’s condition or
rejection, adjuvant chemotherapy was administered to all
patients. Gemcitabine (1000 mg/m?) was administered weekly
for 3 weeks followed by 1 week of rest. Oral S-1 was adminis-
tered from days 1 to 14, followed by a I-week rest period.
Chemotherapy was started within 2 months of surgery in all
patients who were considered eligible for this treatment.

Inflammation-Based Prognostic Score

Preoperative blood samples were drawn 1 or 2 days before
surgery. Serum CRP and albumin concentrations were measured
(HITACHI, LABOSPECT 008), as were white blood cells,
neutrophils, lymphocytes and platelets (HITACHI, Sysmex
XN-9000). The GPS and modified GPS (mGPS), NLR, PLR,
PI, and PNI scores for each patient were calculated as described
in Supplementary Table, http://links.lww.com/MD/A945. Cut-
off values for the NLR, PLR, and PNI were determined on the
basis of previous studies.'®

Statistical Analysis

Overall survival (OS) was defined as the time from surgery
to death from any cause. OS curves according to the GPS,
mGPS, NLR, PLR, PI, and PNI were constructed using the
Kaplan—Meier method and compared using the log-rank test.
Factors significant on univariate analysis were entered into the
multivariate Cox proportional hazards model, and the hazard
ratio (HR) and its 95% confidence interval (CI) were calculated.
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Correlations between the GPS score and clinicopathological
factors were analyzed statistically. Differences in the numerical
data between the 2 groups were evaluated using Fisher exact test
or x? test. Data were analyzed using JMP version 10 software
(JMP; SAS Institute, Cary, NC). The level of statistical signifi-
cance was set at P <0.05.

RESULTS

Patient Demographics

Table 1 summarizes the demographics of the 379 patients
in this study. The mean age at presentation was 65.0 years
[standard deviation (SD), 9.6 years]; there were 228 male and
151 female subjects. Tumors were located in the pancreatic
head in 291, body and tail in 82, and entire organ in 6 patients.
One hundred forty-one pancreatoduodenectomies, 28 pylorus-
preserving pancreatoduodenectomies, 112 subtotal stomach-
preserving pancreatoduodenectomies, 70 distal pancreatec-
tomies, 26 total pancreatectomies, 1 medial pancreatectomy,
and 1 pancreatic head resection with segmental duodenectomy
were performed. The conclusive stages of the 379 patients who
underwent resection according to the UICC classification'®
were IA in 12 cases, IB in 2 cases, IIA in 110 cases, IIB in
217 cases, Il in 2 cases, and IV in 35 cases (Table 1).

OS Based on Inflammation-Based Prognostic
Score

OS in the 379 patients with pancreatic cancer was assessed
using 6 different inflammation-based prognostic scores. First,
survival was analyzed using the GPS and mGPS. In the analysis

TABLE 1. Patient Demographics

Age 65.0 (£9.6) y
Gender
Male 228
Female 151
Tumor location
Head 291
Body and tail 82
Entire 6
Operative method
PD 141
PPPD 28
SSPPD 112
DP 70
TP 26
MP 1
PHRSD 1
UICC stage
1A 12
IB 2
ITA 110
1B 217
I 2
v 35
DP =distal  pancreatectomy, = MP =medial pancreatectomy,

PD = pancreatoduodenectomy, PHRSD =pancreatic head resection
with segmental duodenectomy, PPPD = pylorus-preserving pancreato-
duodenectomy, SSPPD = subtotal stomach-preserving pancreatoduode-
nectomy, TP =total pancreatectomy.
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of the GPS, the median survival time (MST) was 28.1 months
for score 0, 25.6 for score 1, and 17.0 for score 2, which was
statistically significant (P =0.0086) (Figure 1A), whereas for
mGPS, the MST was 25.8 months for score 0, 27.7 for score 1,
and 17.0 for score 2, which was also statistically significant
(P=0.0161) (Figure 1B).

Second, survival was evaluated using the NLR and PLR.
As a result, when patients were divided using the cut-off level of
NLR =3, the MST for the NLR < 3 group was 24.4 months,
whereas the MST for the NLR >3 group was 21.5, which was
not statistically significant (Figure 2A). Similarly, when
patients were divided using the cut-off level of PLR =150,
the MST for the PLR < 150 group was 25.5 months, whereas the
MST for the PLR >150 group was 21.8, which was also not
statistically significant (Figure 2B).

Finally, survival was evaluated on the basis of the PI and
PNI. In the analysis of the PI, the MST in patients with score 0
was 25.8 months, whereas for those with score 1, it was 18.6
months. Although there was a trend toward a survival differ-
ence, it did not reach statistical significance (Figure 3A).
However, the MST for patients in the PNI <45 group was
22.1 months and for those in the PNI >45 groups was 24.4; it
was not statistically significant (Figure 3B).

Univariate and Multivariate Analysis of
Clinicopathological Parameters

Among the 6 different inflammation-based prognostic
scores, the GPS score was demonstrated to be the most prom-
ising predictive factor in resected pancreatic cancer patients.
Therefore, multivariate analysis was conducted using various
predictive factors, which were significant in univariate analysis,
including the GPS score. As a result, multivariate analysis
revealed that CEA (>5ng/mL) (HR: 1.556, P=0.029), lymph
node metastasis (HR: 1.842, P =0.0067), positive peritoneal
washing cytology (HR: 1.830, P =0.019), and a GPS score of 2
(identical to mGPS score of 2) (HR: 1.723, P =0.028) were
significant independent prognostic factors in resected pancrea-
tic cancer patients (Table 2).

Correlation Between GPS Score and
Clinicopathological Factors

To better understand the clinical implication of the GPS
score, the correlation between the GPS score and various

Glasgow Prognostic Score (GPS)
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clinicopathological factors was statistically analyzed
(Table 3). Increase in the GPS score and tumor location (head)
(P =0.0025), preoperative biliary drainage (P < 0.0001), tumor
size (>2.0cm) (P=0.0402), bile duct invasion (P < 0.0001),
and duodenal invasion (P <0.0001) were found to be
statistically significant.

DISCUSSION

It is widely recognized that survival outcome of cancer
patients is not merely dependent on tumor characteristics itself
but also on various host-related factors that could play a critical
role. In particular, so-called cancer-associated inflammation is a
key determinant of cancer initiation, progression, metastasis,
and survival.”?° That is, the tumor can trigger regional inflam-
matory responses, resulting in the release of pro-inflammatory
cytokines around the tumor, which could lead to the formation
of an inflammatory microenvironment.”® Several gastroenter-
ological cancers are well known to be profoundly associated
with inflammation such as those caused by the hepatitis B
virus?! or Helicobacter pylori** infections, for example, pan-
creatic cancer. In the current study, we explored clinically
useful prognostic parameters, including host and tumor-related
parameters in patients with resected pancreatic cancer. Hence,
the clinical value of the GPS, mGPS, NLR, PLR, PI, and PNI as
recognized inflammation-based prognostic scores was com-
pared in our large cohort. To the best of our knowledge, the
current study is the first to extensively explore the prognostic
value of various inflammation-based prognostic scores as pre-
dictors of prognosis in pancreatic ductal adenocarcinoma after
curative surgery.

Since Forrest et al* first reported their study of inoperable
nonsmall cell lung cancer, the GPS has been shown to be a
favorable predictor of survival in patients with various cancers.
CRP and albumin as acute-phase proteins, which constitute the
GPS score, are sensitive and reliable markers that reflect the
systemic-inflammatory response in cancer patients. The mGPS
was subsequently established as a prognostic marker, which has
been evaluated and validated in both operable and inoperable
cancers.”* Recently, a Glas§ow Inflammation Outcome Study,
conducted by Proctor et al,” revealed that mGPS had a prog-
nostic value in cancer independent of the tumor site and was
superior to other inflammation-based prognostic scores in terms
of differentiating good from poor prognostic groups. When

Modified Glasgow Prognostic Score (mGPS)

Overall survival
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FIGURE 1. Overall survival in 379 patients with pancreatic cancer was statistically analyzed on the basis of (A) Glasgow Prognostic Score
(GPS) and (B) modified Glasgow Prognostic Score (mGPS) as inflammation-based prognostic scores. MST =median survival time.
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FIGURE 2. Overall survival in 379 patients with pancreatic cancer was statistically analyzed on the basis of (A) neutrophil to lymphocyte
ratio (NLR) and (B) platelet to lymphocyte ratio (PLR) as inflammation-based prognostic scores. MST =median survival time.

patients were classified on the basis of their GPS or mGPS
score, the survival curve in each group was clearly stratified,
which was more remarkable in GPS than in mGPS. Recently,
the other prognostic scores (NLR, PLR, PI, and PNI) have also
been actively studied in pancreatic cancer;?* % but our data
have shown no difference in survival when patients were
stratified according to these scores. Furthermore, multivariate
analysis revealed that lymph node metastasis, positive perito-
neal washing cytology, and the GPS score were significant
prognostic factors. Therefore, our study demonstrated that the
GPS could be an independent host-related prognostic marker in
patients with resected pancreatic cancer.

Interestingly, when the correlation between the GPS score
and clinicopathological factors was analyzed, factors that were
statistically significant included location of the tumor in the
head of the pancreas, larger tumor size, bile duct invasion, and
duodenal invasion. In general, larger tumors in the head of the
pancreas were often accompanied by bile duct or duodenal
invasion, resulting in biliary obstruction and infection. Con-
sequently, systemic inflammation and malnutrition could be
caused in such a situation, which might be a rationale for why
the GPS could be the most significant inflammation-based
prognostic score in pancreatic cancer.

Prognostic index (PI)
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Although the detailed pathogenesis is still unclear, a
marked systemic-inflammatory response is certainly associated
with patients’ nutritional, functional, and immunological
decline. We have reported that ensuring sufficient preoperative
control of infection by biliary drainage is one of the most
important considerations in the management of pancreatic
resection with regard to the decrease in postoperative compli-
cations (e.g., surgical site infection and pancreatic fistula).*
Prognostic significance of GPS indicates, in addition, that
preoperative management of biliary infection could improve
survival outcomes. Related to the issue of the relationship
between infection and cancer, there were some studies regard-
ing the effect of aspirin and other nonsteroidal anti-inflamma-
tory dru%s on the prevention of esophagus, stomach, and colon
cancer,’’ % and prevention of the systemic inflammatory
response through, for example, interleukin (IL)-6, could be a
potential therapeutic target in an attempt to dampen the exag-
gerated systemic-inflammatory response.®*

Prognostic significance of GPS suggests relevance of
infection control and nutritional support before surgery and
could support our concept of rigorous preoperative biliary
drainage. It could in addition provide a rationale for preopera-
tive nutritional support, possibly utilizing oral nutritional

Prognostic nutritional index (PNI)
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FIGURE 3. Overall survival in 379 patients with pancreatic cancer was statistically analyzed on the basis of (A) prognostic index (PI) and (B)
prognostic nutritional index (PNI) as inflammation-based prognostic scores. MST =median survival time.
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TABLE 2. Univariate and Multivariate Analysis of Clinicopathological Parameters

Hazard Ratio (95% CI)

Tumor size (>2 vs. <2cm)

CEA (> 5 vs. < 5ng/mL)

CA19-9 (>37 vs. <37U/mL)

Biliary drainage [(+) vs. (—)]

Invasion of anterior pancreatic capsule [(4) vs. (—)]
Invasion of retroperitoneal tissue [(+) vs. (—)]
Bile duct invasion [(+) vs. (—)]

Duodenal invasion [(+) vs. (—)]

Portal vein invasion [(+) vs. (—)]

Arterial invasion [(4) vs. (—)]

Perineural invasion [(4) vs. (-)]

Lymph vessel invasion [(+) vs. (—)]

Vessel invasion [(+) vs. (—)]

Lymph node metastasis [(+) vs. (—)]
Peritoneal washing cytology [(+) vs. (—)]
Adjuvant chemotherapy [(—) vs. (+)]

GPS (mGPS) score (2 vs. 0/1)

2.058 (1.437-3.043)
1.558 (1.147-2.092)
1.468 (1.058-2.081)
1.678 (1.270-2.224)
1.104 (0.798—1.559)
0.972 (0.691—1.403)
1.785 (1.345-2.386)
1.296 (0.980—1.711)
1.720 (1.303-2.269)
1.378 (0.830-2.152)
1.196 (1.196-2.274)
2.104 (1.401-3.308)
1.358 (1.026—1.802)
2.282 (1.639-3.248)
1.805 (1.211-2.605)
1.294 (0.950—1.741)

Univariate Multivariate
P Hazard Ratio (95% CI) P

<0.0001* 1.194 (0.770—1.902) 0.435
0.005" 1.556 (1.047-2.287) 0.0029*
0.021% 1.021 (0.686—1.557) 0.919
0.0003" 1.237 (0.771-2.017) 0.382
0.558
0.874

<0.0001* 1.175 (0.712-1.939) 0.528
0.069
0.0001" 1.425 (0.994-2.042) 0.054
0.204
0.0029" 1.244 (0.815-1.860) 0.304
0.0002" 1.101 (0.635-1.973) 0.726
0.032" 1.124 (0.782-1.626) 0.528

<0.0001" 1.842 (1.181-2.924) 0.0067"
0.0045" 1.830 (1.110-2.927) 0.019*
0.101
0.0089" 1.723 (1.062-2.702) 0.028"

1.855 (1.177-2.805)

GPS = Glasgow Prognostic Score, mGPS = modified Glasgow Prognostic Score.

*Statistically significant.

supplement. On the contrary, GPS could be reflecting biology of
the tumor itself, in which case, besides considering GPS as a
mere prognostic marker, it could be used to select patients who
are indicated for surgery-first strategy for preoperative treat-
ments from the viewpoint of both controlling the tumor before
surgery and avoiding futile surgery in case of rapid cancer
progression.

A potential limitation of this study is that it was a retro-
spective, single-center study. Therefore, a large-scale prospec-
tive validation study is needed to confirm the results. Second,
patients who had the tumor in the head of the pancreas often
underwent biliary drainage procedures during the preoperative
period, which may represent a potential confounding factor.
Because CRP, white blood cells, and neutrophils are markers of

TABLE 3. Correlation Between GPS Score and Clinicopathological Factors

Score 0 Score 1 Score 2 P
Age, y 64.0 (£10.2) 66.4 (+£8.2) 68.8 (£9.2) —
Gender (male vs. female) 111/78 55/25 21/15 0.282
Tumor location (head vs. body/tail) 134/54 69/11 33/2 0.0025"
CEA, ng/mL 5.9 (£21.0) 5.1 (£5.4) 6.4 (£13.5) —
CA19-9, U/mL 579 (£1261) 1219 (£3971) 1162 (£1792) —
Biliary drainage [(+) vs. (—)] 71/118 54/26 28/8 <0.0001"
Peritoneal washing cytology [(+) vs. (—)] 27/152 17/58 1/34 0.096
Tumor size (>2.0 vs. <2cm) 131/58 69/11 31/5 0.0038"
Invasion of anterior pancreatic capsule [(4) vs. (—)] 142/46 63/17 34/2 0.040"
Invasion of retroperitoneal tissue [(+) vs. (—)] 156/32 69/11 30/6 0.797
Bile duct invasion [(+) vs. (-)] 80/108 54/26 28/8 <0.0001"
Duodenal invasion [(+) vs. (=)] 61/127 49/31 25/11 <0.0001"
Portal vein invasion [(+) vs. (—)] 74/115 27/53 19/17 0.152
Arterial invasion [(+) vs. (—)] 20/168 4/75 3/33 0.342
Plexus invasion [(+) vs. (-)] 29/160 18/62 7/29 0.357
Lymph vessel invasion [(+) vs. (—)] 144/41 55/23 32/4 0.220
Vascular invasion [(4) vs. (—)] 97/88 40/38 24/12 0.456
Perineural invasion [(+) vs. (—)] 158/27 63/15 34/2 0.333
Lymph node metastasis [(4) vs. (—)] 117/72 54/26 25/11 0.537

g}PS = Glasgow Prognostic Score.
Statistically significant.
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acute inflammation, they could have been elevated or modified
secondary to acute infection and subsequent biliary drainage.

In conclusion, our study demonstrated that the GPS, an

inflammation-based prognostic score, was superior to the other
inflammation-based prognostic scores and therefore, could be

an

independent predictive marker in patients with resected

pancreatic cancer.
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