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Abstract

BACKGROUND
A decline in serum carbohydrate antigen 19-9 (CA19-9) levels during systemic
chemotherapy is considered as a prognostic marker for patients with advanced
pancreatic cancer. Neutrophil-to-lymphocyte ratio (NLR) has been extensively
studied as a simple and useful indicator of prognosis in various cancers including
pancreatic cancer.

AIM

To assess the prognostic significance of NLR and CA19-9 in patients with
advanced pancreatic adenocarcinoma received first-line chemotherapy according
to CA19-9 positivity.

METHODS

We retrospectively analyzed patients diagnosed with advanced pancreatic cancer
who received first-line chemotherapy between January 2010 and July 2017 at the
Catholic University of Seoul St. Mary’s Hospital. Patients were divided according
to CA19-9 positivity (CA19-9-positive vs -negative groups) and pre-and post-
treatment NLR levels. To determine cut-off value of NLR and CA19-9 reduction,
time-dependent receiver operating characteristic curve was applied. We evaluated
overall survival (OS) and progression-free survival (PFS) for each group using
Kaplan-Meier method, and we performed multivariate analyses on the entire
cohort.
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RESULTS

We included 271 patients in this study. Cut-off value of NLR and CA19-9
reduction was determined as 2.62 and 18%. Multivariate analysis showed that
post-treatment NLR < 2.62 and reduction of > 18% of baseline CA19-9 were
significantly associated with OS and PFS. Post-treatment NLR > 2.62 showed
hazard ratio (HR) of 2.47 [95% confidence interval (CI): 1.84-3.32, P < 0.001] and
CA19-9 decline (= 18%) showed HR of 0.51 (95%CI: 0.39-0.67, P < 0.001) for OS.
When CA19-9-positive patients were divided into groups according to CA19-9
response (responder vs non-responder) and post-treatment NLR (< 2.62 vs > 2.62),
CA19-9 responder and post-treatment NLR < 2.62 group showed better survival
than CA19-9 non-responder and post-treatment NLR > 2.62 group (OS 11.0 mo vs
3.9 mo, P < 0.001; PFS 6.3 mo vs 2.0 mo, P < 0.001). The combination of CA19-9
decline and post-treatment NLR showed a significant correlation with clinical
response in CA 19-9 positive group. Within the CA19-9-negative group, the post-
treatment NLR < 2.62 group showed better survival than the post-treatment NLR
> 2.62 group (OS 12.7 mo vs 7.7 mo, P < 0.001; PFS 6.7 mo vs 2.1 mo, P < 0.001),
and post-treatment NLR showed correlation with clinical response.

CONCLUSION

In advanced pancreatic cancer patients positive for CA19-9 and treated with
systemic chemotherapy, the combination of post-treatment NLR < 2.62 and 18%
decline of CA19-9 at the first response evaluation is a good prognostic marker.
Post-treatment NLR < 2.62 alone could be used as a prognostic marker and an
adjunctive tool for response evaluation in CA19-9-negative patients.

Key Words: Pancreatic adenocarcinoma; Serum carbohydrate antigen 19-9; Neutrophil-to-
lymphocyte ratio; Multivariate analysis; Prognosis; Chemotherapy

©The Author(s) 2021. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: In pancreatic cancer patients treated with first-line chemotherapy, carbo-
hydrate antigen 19-9 (CA19-9) decline is considered as a prognostic marker. However,
there has been no consensus regarding the degree of CA19-9 decline, and certain
populations show false negativity. We evaluated the cut-off value of decline of CA19-9
and post-treatment neutrophil-to-lymphocyte ratio (NLR) as prognostic makers.
Combination of post-treatment NLR (< 2.62) and decline of CA19-9 (> 18%) for
CA19-9 positive group or post-treatment NLR alone for CA19-9 negative group could
be used as a prognostic marker and an adjuvant tool for response evaluation.

Citation: Shin K, Jung EK, Park SJ, Jeong S, Kim IH, Lee MA. Neutrophil-to-lymphocyte ratio
and carbohydrate antigen 19-9 as prognostic markers for advanced pancreatic cancer patients
receiving first-line chemotherapy. World J Gastrointest Oncol 2021; 13(8): 915-928

URL: https://www.wjgnet.com/1948-5204/full/v13/i8/915.htm

DOI: https://dx.doi.org/10.4251/wjgo.v13.i8.915

INTRODUCTION

Pancreatic cancer is the seventh leading cause of cancer-related death worldwide and
the fourth leading cause of cancer-related death in western countries[1,2]. Prognosis
remains dismal with a 5-year survival rate of only 8%[1]. At the time of diagnosis, less
than 20% of patients are eligible for curative surgery[3]. For patients with advanced
pancreatic cancer (either locally advanced or metastatic disease), the mainstay of
treatment is systemic chemotherapy. Gemcitabine base regimen and 5-FU based
regimen displayed survival benefit and have been recommended as fist-line therapies
[4-6].

Radiologic evaluation based on the response evaluation criteria in solid tumors
(RECIST) can be used to assess the response to systemic chemotherapy, although
radiologic evaluation is considered unreliable because the desmoplastic reaction in the
tumor microenvironment makes it difficult to differentiate between normal pancreatic
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tissue, malignant tissue, inflammation, and fibrosis[7]. This necessitates biomarkers to
support imaging assessments.

Carbohydrate antigen 19-9 (CA19-9) is a sialylated Lewis blood group antigen and
is the most widely investigated tumor marker for pancreatic cancer. CA19-9 has
proven useful in the diagnosis of pancreatic cancer in symptomatic patients with a
sensitivity and specificity of 79%-81% and 82%-90%, respectively[8]. The pre-operative
CA19-9 Level is associated with prognosis and resectability in resectable diseases.
Post-operative CA19-9 Levels are associated with prognosis and recurrence. In
advanced diseases, pre-treatment CA19-9 Level is prognostic, and CA19-9 decline
during chemotherapy seems to be an indicator of treatment response[9].

Roughly, 5%-10% of the population is considered to be of the Le** phenotype and
cannot synthesize CA19-9. Evaluating serum CA19-9 levels is not useful in a CA19-9-
negative population, and false positivity can be detected by the presence of biliary
obstruction, infection, or inflammation. Therefore, the value of CA19-9 as a tumor
marker is limited in certain populations[10,11].

Inflammatory responses in the tumor microenvironment play vital roles in tumor
initiation and promotion (survival, proliferation, growth, angiogenesis, and invasion)
[12]. Blood neutrophil-to-lymphocyte ratio (NLR), calculated using the absolute
lymphocyte and neutrophil count of peripheral blood, is one of the most studied
indicators of the systemic inflammatory response. Neutrophils contribute to the
inflammatory response by infiltrating tumors and the surrounding microenvironment
and by secreting various cytokines and vascular endothelial growth factor (VEGF).
Lymphocytes contribute to the immune surveillance of tumors by inducing cytotoxic
cell death and by inhibiting tumor cell proliferation and migration[13,14].

Many recent studies have shown that NLR is associated with prognosis in various
cancers including pancreatic cancer. Low NLR is associated with a better prognosis
than high NLR, and the link between response to chemotherapy and NLR has been
studied[15-18]. Several studies also have shown that combination of NLR and CA 19-9
could be a prognostic marker in patients with pancreatic cancer, but they did not focus
on the changes in NLR and CA 19-9 between pre- and post-treatment[19-21].

In the present study, we sought to assess the prognostic significance of NLR and
CA19-9 in patients with advanced pancreatic adenocarcinoma who receive first-line
chemotherapy. We also aimed to investigate the potential association of changes in
NLR and CA19-9 from baseline to first response evaluation with the prognosis and
chemotherapy response according to CA19-9 positivity.

MATERIALS AND METHODS

Patients

We retrospectively investigated the data of patients diagnosed with pancreatic cancer
who received first-line chemotherapy between January 2010 and July 2017 at the
Catholic University of Seoul St. Mary’s Hospital.

Eligible patients were aged 18 years or older, had histologically confirmed pan-
creatic adenocarcinoma, metastatic disease, or locally advanced disease, had at least
one cycle of the first line systemic chemotherapy, had a CA19-9 levels and complete
blood count (CBC) at the baseline and when the first response evaluation was per-
formed.

Patients with unresolved biliary obstruction or biliary tract infection and active
malignancies other than pancreatic cancer were excluded.

NLR was defined as the absolute neutrophil count divided by the absolute lym-
phocyte count in peripheral blood. NLR and CA19-9 data were collected within one
week before treatment and within one week after response evaluation was performed.

Other clinico-pathological variables included age, sex, Eastern Cooperative Onco-
logy Group performance status (ECOG PS), stage (locally advanced or metastatic),
number of metastatic sites, liver metastasis, pathologic differentiation, biliary draina-
ge, chemotherapy regimen, and carcinoembryonic antigen (CEA).

True CA19-9 negativity was defined as having a serum CA19-9 concentration within
the normal range (< 37 U/mL) from baseline to the follow-up period, including when
disease status progressed. CA19-9 false-negativity was defined as having a serum
CA19-9 concentration within the normal range (< 37 U/mL) from baseline, but eleva-
tion was confirmed during the follow-up period.

The Institutional Review Board of the Catholic University of Seoul Saint Mary’s
Hospital approved the study (KC20RASI0321). Requirement for informed consent was
waived because the study was based on retrospective analyses of existing adminis-
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trative and clinical data.

Follow-up evaluation

Response evaluation was performed with abdominal computed tomography or
magnetic resonance imaging every two cycles of treatment with tumor markers CA19-
9 and NLR. When signs or symptoms indicated a possible disease progression,
response evaluation was performed with CA19-9 and NLR.

Statistical analysis

Progression-free survival (PFS) was defined as the time from the start of treatment to
disease progression or death from any cause. Overall survival (OS) was measured as
the time from the start of treatment until death from any cause or until the last follow-
up date. Treatment response was evaluated using Response Evaluation Criteria in
Solid Tumors version 1.1.

Chi-squared and Fisher’s test for categorical variables were used to compare the
demographics between groups regarding baseline characteristics. To determine the
optimal cut-off value of NLR and CA19-9 reduction, time-dependent receiver
operating characteristic (ROC) curve was applied. The Kaplan-Meier method and log-
rank test were used to estimate cumulative survival and for comparison between the
groups.

Univariate and multivariate analysis models of patient and tumor characteristics in
association with PFS and OS were based on Cox-proportional hazards regression
analyses. Significance was considered as P < 0.05. All statistical analyses were
conducted using R version 3.5.3 (http:/ /www.r-project.org).

RESULTS

Clinical characteristics

A total of 271 patients between January 2010 and July 2017 were eligible for analysis.
The median follow-up duration was 7.9 mo. The baseline characteristics of the
population are summarized in Table 1. The median age was 63 years [interquartile
range (IQR), 57-70 years] and the male to female ratio was 178 (65.7%) to 93 (34.3%).
Patients with ECOG PS 0-1 and in the metastatic stage were 79.7% and 91.9%,
respectively. Majority of patients received gemcitabine based chemotherapy (86.7%)
and 80.8% of the patients had elevated CA19-9 (> 37 U/mL) at diagnosis; median
CA19-9 was 362.80 U/mL (IQR, 64.98-1585.90).

Median pre-treatment NLR was 2.66 (IQR, 1.78-3.85) and median post-treatment
NLR was 2.53 (IQR, 1.63-4.03).

Among 52 patients who initially had a normal range of CA19-9, 35 patients
presented with elevated values of CA19-9 during follow-up. They were categorized as
the CA19-9 false-negative group. The remaining 17 patients maintained normal CA19-
9 levels (< 37 U/mL) during the follow-up, regardless of disease status; thus, they
were categorized as the CA19-9 true-negative group.

Compared to CA19-9 negative group, factors found to be significantly associated
with CA19-9 positive group included number of metastatic sites (= 3), liver metastasis,
higher number of pretreatment and post-treatment NLR, and elevated CEA. The
baseline characteristics of the cohort according to CA19-9 positivity are summarized in
Table 1.

In addition, compared to CA 19-9 false-negative group, factors found to be
significantly associated with CA19-9 positive group included number of metastatic
sites (2 3), higher number of pretreatment and post-treatment NLR, and elevated CEA.
CA19-9 positive group showed tendency to be positively associated with liver
metastasis. There were no significant differences between the CA19-9-positive and
CA19-9 true-negative groups (Supplementary Table 1).

Determination of optimal cut-off value of Pre- and post-treatment NLR, decline of
CA19-9

Time-dependent ROC curve was generated with a 1-year survival time point, and the
cut-off value was determined by the value that maximized the Youden index. Pre-
treatment NLR 2.60, post-treatment NLR 2.62, and 18% decline of CA19-9 were
selected as cut-off values (Supplementary Figure 1).
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Number of Median CA19-9 CA19-9
Variables patients,n= % (interquartile positive,n= % negative, n= % P value'
271 range) 219 52
Age (yr) 63 (57-70)
<65 167 61.6 133 60.7 34 65.4 0.535
> 65 104 38.4 86 39.3 18 34.6
Sex
Male 178 65.7 147 67.1 31 59.6 0.305
Female 93 34.3 72 329 21 40.4
ECOG
0-1 216 79.7 171 78.1 45 86.5 0.173
22 55 20.3 48 21.9 7 13.5
Stage
Locally advanced 22 8.1 15 6.8 7 135 0.117
Metastatic 249 91.9 204 93.2 45 86.5
Differentiation
Well to moderately 177 65.3 142 64.8 35 67.3 0.262
Poorly 94 34.7 77 35.2 17 32.7
Biliary stent
Yes 30 111 28 12.8 2 3.8 0.084
No 241 88.9 191 87.2 50 96.2
Chemotherapy
Gemcitabine 86 31.7 72 329 14 26.9 0.967
Gemcitabine/Elrotinib 110 40.6 87 39.7 23 442
Gemcitabine/Nab-paclitaxel 39 14.4 31 14.2 8 15.4
Gemcitabine/Fluoropyrimidine 30 11.1 24 11.0 6 115
FOLFIRINOX 6 22 5 2.3 1 1.9
No. of metastatic sites
0-2 229 84.5 180 82.2 49 94.2 0.033
3- 42 15.5 39 17.8 3 58
Liver metastasis
Yes 122 45.0 106 48.4 16 30.8 0.022
No 149 55.0 113 51.6 36 69.2
Pretreatment NLR 2.66 (1.78-3.85)
<2.60 130 48.0 97 443 33 63.5 0.013
>2.60 141 52.0 122 55.7 19 36.5
Post-treatment NLR 2.53 (1.63-4.03)
<262 143 52.8 106 484 37 71.2 0.003
2262 128 472 113 51.6 15 28.8
CA19-9 (U/mL) 362.80 (64.98-
1585.90)
<37 52 19.2 0 0.0 52 100.0
>37 219 80.8 219 100.0 0 0.0
WJGO | https://www.wjgnet.com 919 August 15,2021 | Volume13 | Issue8
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CEA (ng/mL) 326 (2.00-7.95)
<5 175 64.6 133 60.7 42 80.8 0.003
>5 9 354 86 393 10 19.2

1P value from Chi-square test or Fisher's exact test for categorical variables. ECOG PS: Eastern Cooperative Oncology Group Performance Status; NLR:
Neutrophil-to-lymphocyte ratio; CA19-9: Carbohydrate antigen 19-9; CEA: Carcinoembryonic antigen; FOLFIRINOX: Folinic acid, 5-Fluorouracil,
Irinotecan and Oxaliplatin.

Association of the pre-treatment NLR and CA19-9 with baseline clinical

characteristics

The clinical characteristics of the cohort according to pre-treatment NLR (< 2.60 vs >
2.60) are summarized in Supplementary Table 2. The pre-treatment NLR > 2.60 group
was associated with poor differentiation and elevated CA19-9 (P = 0.039 and P < 0.001,
respectively). Pre-treatment NLR was positively correlated with post-treatment NLR
(P <0.001).

CA19-9 response and survival

The cohort was divided into three groups: Group A, comprising the CA19-9 res-
ponders, including patients with 18% decline or normalization of CA19-9 from
baseline to the first response evaluation; Group B, comprising the CA19-9 non-
responders, including patients with less than 18% decline or increased CA19-9 at the
first response evaluation; Group C, comprising patients with negative CA19-9. The
survival curves are summarized in Figure 1.

Group A showed longer OS and PFS than Group B (P < 0.001 and P < 0.001, res-
pectively), with a median OS of 10.2 mo [95% confidence interval (CI): 8.6-11.8] and a
median PFS of 5.7 mo (95%CI: 4.4-6.5). Group C showed longer OS and PFS than
Group B (P < 0.001 and P < 0.001, respectively), with median OS of 10.5 mo (95%CI:
9.3-13.0) and a median PFS of 5.6 mo (95%CI: 4.1-7.6). Group B showed a worse
prognosis with a median OS of 5.8 mo (95%CI: 4.9-6.6) and a median PFS of 2.5 mo
(2.0-3.1) than Group A or C. Group A and Group C showed no difference in both OS
and PFS (P = 0.620 and P = 0.310, respectively).

When group C was subdivided by CA 19-9 false-negative and CA 19-9 true negative
group, false-negative group showed statistically better OS and PFS (OS 12.3 mo,
95%ClI: 10.5-15.5 vs 8.1 mo, 95%Cl: 7.7-11.0, P = 0.040; PFS 6.7 mo, 95%Cl; 4.1-9.5 vs 4.0
mo, 95%Cl: 1.9-6.7, P = 0.020).

Pre- and post-treatment NLR and survival

When the cohort was divided according to pre-treatment NLR (< 2.60 vs > 2.60),
groups were different in PFS and OS by log-rank test. Pre-treatment NLR < 2.60 group
showed better OS and PFS (OS 10.2 mo, 95%CI: 8.8-11.7 vs 6.5 mo, 95%Cl: 5.8-7.7, P <
0.001; PFS 5.63 mo, 95%ClI: 4.40-6.53 vs 3.43 mo, 95%ClI: 2.73-3.97, P < 0.001).

When the cohort was divided by post-treatment NLR (< 2.62 vs = 2.62), groups were
different in PFS and OS by log-rank test. Post-treatment NLR < 2.62 group showed
better OS and PFS (OS 10.8 mo, 95%CI: 9.6-12.3 vs 5.8 mo, 95%CI: 5.0-6.6, P < 0.001;
PFS 6.2 mo, 95%CI: 4.9-7.2 vs 2.7 mo, 95%CI: 2.1-3.5, P < 0.001).

Univariate and multivariate analyses of PFS and OS

Univariate analysis showed that OS, ECOG PS (0-1 vs = 2), stage (locally advanced vs
metastatic), differentiation, chemotherapy regimen (Gemcitabine single vs other
regimens), pre-treatment NLR (< 2.60 vs = 2.60), post-treatment NLR (< 2.62 vs > 2.62),
CA19-9 18% reduction, and CEA were prognostic factors associated with survival.
After adjusting for covariates, multivariate analysis showed that ECOG, stage, differ-
entiation, chemotherapy regimen, post-treatment NLR, and CA19-9 reduction were
independent prognostic factors of OS.

Univariate and multivariate analysis of PFS showed that stage, liver metastasis,
post-treatment NLR, and CA19-9 reduction were independent prognostic factors of
PFS (Table 2).

Multivariate analysis of both OS and PFS showed that post-treatment NLR and
CA19-9 decline were the most significant prognostic factors. Post-treatment NLR 2
2.62 showed hazard ratio (HR) of 2.47 (95%CIl: 1.84-3.32, P < 0.001) and CA 19-9 decline
(=18%) showed HR of 0.51 (95%CI: 0.39-0.67, P < 0.001) for OS.
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Table 2 Univariate and multivariate analysis of overall survival, progression-free survival

Overall survival Progression-free survival

Univariate Multivariate Univariate Multivariate

HR 95%Cl  Pvalue HR 95%Cl  Pvalue HR 95%Cl  Pvalue HR 95%Cl P value

Age (yr)

<65 1 1

265 1.08 0.84-1.39  0.557 0.97 0.75-1.24  0.786

Sex

Female 1 1

Male 112 0.86-1.46  0.406 1.08 0.83-1.39  0.573

ECOG

0-1 1 1 1

22 1.5 1.10-2.03 0.009 1.40 1.00-1.97 0.050 1.23 0.81-0.91 0.173

Stage

Locally advanced 1 1 1 1
Metastatic 1.84 1.13-298  0.014 217 1.28-3.69  0.004 1.95 1.23-3.09  0.005 1.91 1.16-315  0.011
Differentiation

Well to 1 1 1

moderately

Poorly 1.35 1.04-1.74  0.026 1.48 1.11-1.96  0.007 1.06 0.82-1.36  0.662

Biliary stent

No 1 1

Yes 0.98 0.66-1.46  0.939 0.81 0.55-1.20  0.297

Liver metastasis

No 1 1 1 1

Yes 1.25 0.98-1.61  0.077 1.22 0.93-1.60  0.135 151 1.19-1.93  0.001 1.54 119201  0.001
Chemotherapy

Gemcitabine single 1 1 1 1

Other regimens 0.68 0.52-0.89  0.004 0.70 0.53-0.93  0.015 0.78 0.60-1.01  0.062 0.86 0.65-1.14  0.303
Pretreatment NLR

<2.60 1 1 1 1

>2.60 177 137229  <0.001 1.09 0.81-1.48  0.545 1.61 1.26-2.07  <0.001 1.03 0.78-1.36  0.816

Post-treatment

NLR
<262 1 1 1 1
2262 242 1.87-3.14  <0.001 247 1.84-332  <0.001 2.51 1.93-3.26  <0.001 2.59 1.94-3.47  <0.001

CA19-9 reduction

<18% 1 1 1 1

>18% 0.53 0.41-0.69  <0.001 0.51 0.39-0.67  <0.001 0.54 046-0.75  <0.001 0.6 047-0.78  <0.001
CEA (ng/mL)

<5 1 1 1 1

>5 1.27 0.98-1.65  0.066 1.20 0.91-157  0.187 1.26 0.98-1.62  0.074 117 0.90-1.52  0.231

Univariate analysis and multivariate survival analysis were performed using Cox proportional hazard model, and P values < 0.05 were considered to
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indicate statistical significance. Significant values are in boldface type. CI: Confidence interval; HR: Hazard ratio; ECOG: Eastern Cooperative Oncology
Group; NLR: Neutrophil-to-lymphocyte ratio; CA19-9: Carbohydrate antigen 19-9; CEA: Carcinoembryonic antigen.
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Figure 1 Overall survival and progression-free survival. A and B: Overall survival (A) and progression-free survival (B) of the following groups:
Carbohydrate antigen 19-9 (CA19-9) responder group, CA19-9 non-responder group and CA19-9-negative group. CA19-9 responder group and CA19-9 negative
group showed significantly longer overall survival and progression-free survival than CA19-9 non-responder group. CA19-9: Carbohydrate antigen 19-9.

Combination of CA19-9 decline and post-treatment NLR as prognostic markers in
CA19-9-positive group

CA19-9-positive patients (1 = 219) were divided into three groups according to CA19-9
reduction and post-treatment NLR. Group 1 comprised CA19-9 responders and post-
chemotherapy NLR < 2.62, Group 2 comprised CA19-9 responders or post-
chemotherapy NLR < 2.62, and Group 3 comprised CA19-9 non-responders and post-
chemotherapy NLR > 2.62. OS and PFS were compared among the three groups using
Kaplan-Meier survival curve with log-rank test.

All groups were significantly different from each other in the OS and PFS curves
using the log-rank test. The median OS of Group 1 was 11.0 mo (95%CI: 9.6-14.2), 7.7
mo (95%CI: 6.5-8.8) for Group 2 and 3.9 mo (95%CI: 3.5-5.2) for Group 3. The median
PFS of Group 1 was 6.3 mo (95%Cl: 4.9-7.8), 3.8 mo (95%CI: 2.9-4.9) for Group 2, 2.0
mo (95%ClI: 1.8-2.7) for Group 3 (Figure 2).

First response of the chemotherapy and association of CA19-9 18% decline and

post-treatment NLR

We compared the first response evaluation of the cohort by RECIST criteria 1.1
according to post-treatment NLR and CA19-9 response. Patients with post-treatment
NLR < 2.62 showed statistically better clinical response than patients with post-
treatment NLR > 2.62 did. CA19-9 responders showed better clinical response than
non-responders did (Supplementary Table 3).

In CA19-9 responders and non-responders, post-treatment NLR discriminated
better clinical response of post-treatment NLR < 2.62 group from > 2.62 group. In
CA19-9 responders, the response evaluation of post-treatment NLR < 2.62 vs > 2.62
was as follows: Partial response (PR) 52.2% vs 26.3%, stable disease (SD) 43.3% vs
55.3%, progressive disease (PD) 4.5% vs 18.4% (P = 0.002). In CA19-9 non-responders,
the response evaluation of post-treatment NLR < 2.62 vs > 2.62 was as follows: PR
10.3% vs 6.7%, SD 53.8% vs 28.0% and PD 35.9% vs 65.3% (P = 0.009). The combination
of CA19-9 decline and post-treatment NLR revealed a significant correlation with
clinical response (Table 3).

Post-treatment NLR as a prognostic marker in CA19-9-negative group

First response of the chemotherapy and association of post-treatment NLR in CA19-
9-negative group: In the CA19-9-negative cohort (n = 52), the post-treatment NLR <
2.62 group showed better OS and PFS than the NLR 2 2.62 group (median OS 12.7 mo
vs 7.7 mo, P < 0.001; PFS 6.7 mo vs 2.1 mo, P < 0.001) (Figure 3). In each CA19-9 true-
negative and false-negative group, post-treatment NLR discriminated better prognosis
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Table 3 The association of the first response evaluation and post-treatment neutrophil-to-lymphocyte ratio according to carbohydrate

antigen 19-9 response in carbohydrate antigen 19-9 positive group

Decline of CA19-9 = 18% Decline of CA19-9 < 18%
Post-treatment NLR < 2.62 22.62 <2.62 22.62

n=67 % n=38 % P value' n=39 % n=75 % P value'
1° Response 0.002 0.009
CR/PR 35 522 10 263 4 103 5 6.7
SD 29 433 21 553 21 53.8 21 28.0
PD 3 45 7 18.4 14 359 49 653

1P value from linear-by-linear association test. NLR: Neutrophil-to-lymphocyte ratio; CA19-9: Carbohydrate antigen 19-9; CR: Complete response; PR:
Partial response; SD: Stable disease; PD: Progressive disease.
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Figure 2 Overall survival and progression-free survival. A and B: Overall survival (A) and progression-free survival (B) of the groups divided by
carbohydrate antigen 19-9 response and post-treatment neutrophil-to-lymphocyte ratio. All groups were significantly different from each other in the overall survival
and progression-free survival curves and Group 1 showed better overall survival and progression-free survival than others. CA19-9: Carbohydrate antigen 19-9; NLR:
Neutrophil-to-lymphocyte ratio.

of NLR < 2.62 group from > 2.62 group with statistical significance.
The post-treatment NLR < 2.62 group showed a better clinical response at the first
response evaluation than the NLR > 2.62 group (P = 0.032) (Table 4).

DISCUSSION

In this study, we showed that decline of CA19-9 and post-treatment NLR were
independent prognostic factors in advanced pancreatic cancer treated with the first
line systemic chemotherapy. Post-treatment NLR 2.62 could discriminate better
prognosis in both CA19-9-positive and -negative groups. Combination of 18% decline
of CA19-9 and post-treatment NLR < 2.62 could improve prognostic accuracy in CA19-
9 positive group.

Baseline CA19-9 level is a prognostic marker in both resectable and advanced
pancreatic cancer[22]. Change in CA19-9 Level is also prognostic; a decline in CA19-9
Level from pre- to post-operation is a predictive marker for improved survival in
patients who underwent surgical resection[23,24]. In patients undergoing systemic
chemotherapy, a decline in CA19-9 Level from baseline to the time of response
evaluation is considered prognostic[9,25-30]. However, most studies investigating the
prognostic role of CA19-9 kinetics were retrospective and study cohorts were hetero-
geneous; some included all the patients regardless of baseline CA19-9 level and others
included only patients with elevated CA19-9. The cut-off values of decline of CA 19-9
for prognosis was determined by different methods, and they varied from 0 to 50% in
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Table 4 The association of the first response evaluation and post-treatment neutrophil-to-lymphocyte ratio in carbohydrate antigen 19-9

negative group

CA19-9 negative group n = 52

Post-treatment NLR <2.62 22.62

n=37 % n=15 % P value'
1% Response 0.032
CR/PR 8 216 3 20.0
SD 25 67.6 4 26.7
PD 4 10.8 8 533

1P value from linear-by-linear association test. NLR: Neutrophil-to-lymphocyte ratio; CA19-9: Carbohydrate antigen 19-9; CR: Complete response; PR:
Partial response; SD: Stable disease; PD: Progressive disease.
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Figure 3 Overall survival and progression-free survival. A and B: Overall survival (A) and progression-free survival (B) of the carbohydrate antigen 19-9-
negative groups according to post-treatment neutrophil-to-lymphocyte ratio (NLR). Post-treatment NLR < 2.62 group showed significantly better overall survival and
progression-free survival than post treatment NLR = 2.62. NLR: Neutrophil-to-lymphocyte ratio.

their studies[25-30].

In this study, we divided the patients into CA19-9-positive and -negative groups
and analyzed CA19-9 response in the CA19-9-positive group. We compared the
different cut-off values of CA19-9 decline at the first response evaluation in the CA19-9
positive group(n = 219), and 18% decline of the CA19-9 level which maximized the
You-den index in the ROC curve for one-year survival was determined as cut-off
value. Patients with > 18% and < 18% declines showed good discriminating power
using a log-rank test between the groups. This result is similar with previous studies
with large cohort which showed 20% decline of CA19-9 is prognostic[28-30]. And 18%
reduction of CA19-9 was associated with better radiologic response at the first
response evaluation.

The prognostic significance of NLR in pancreatic cancer was explored by many
studies, and different cut-off values from two to five were used[31]. This study
adapted NLR 2.60 and 2.62 for pre- and post-treatment NLR as the optimal cut-off.
Post-treatment NLR was more prognostic than pre-treatment NLR. Post-treatment
NLR 2.62 showed the area under the curve of 0.73 in ROC curve for 1- year survival.
This is as high as that of 18% decline of CA 19-9 with AUC of 0.75 (Supplementary
Figure 1).

A few studies have shown that NLR kinetics could predict treatment outcome in
pancreatic cancer patients during systemic chemotherapy[32-34]. To evaluate the
prognostic significance of NLR, Chen et al[34] divided the patients by increased or
decreased NLR from the baseline to the response evaluation, and Luo et al[33] divided
the patients by baseline NLR 3.1 and further subdivided by increased or decreased
NLR from the baseline to the response evaluation.
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In this study, we simply divided the patients by post-treatment NLR 2.62. Although
there has been no consensus for a normal NLR value, dividing patients within the cut-
off range of NLR (< 2.62 vs > 2.62) showed better predictive power than by dividing
patients based on change of NLR (increased vs decreased) between pre- and post-
treatment in this study.

We showed that a combination of the two most significant factors in survival,
namely CA19-9 response and post-treatment NLR < 2.62, showed well-established
groups based on their prognosis. And they showed positive correlation with radiologic
response at the first response evaluation. Among the patients in post-treatment NLR <
2.62 and CA19-9 responder group, only 4.3% had radiological PD. These two factors
could be used as prognostic markers and adjunctive tools for response evaluation in
the patients with elevated CA19-9 levels.

In addition, we divided CA19-9-negative groups into true-negative and false-
negative groups. In the baseline characteristics, true-negative group showed no
difference from positive group but, false-negative group showed relatively better
clinical variables. Moreover, survival was better in false-negative group than in CA19-
9-positive or true-negative groups. Considering CA19-9 correlates with stage of
disease, false-negative CA19-9 group might indicate less aggressive disease than
CA19-9 positive group[24]. The patients with CA19-9-true-negativity was 7.8% in this
study, and their median survival was similar to that of CA19-9 positive group.
Although, Lewis blood type or genotype was not evaluated in this study, some of
these patients might be Lewis negative group considering CA19-9 was not elevated
with disease progression. The proportion of CA19-9-true-negativity is similar to that of
Lewis negative group in previous studies[35,36]. Further study is needed to confirm
the relationship between CA19-9 level and prognosis with evaluation of Lewis blood
type.

We showed that post treatment NLR (< 2.62) group could discriminate better
prognosis in both false-positive and true-positive group. In addition, response
evaluation was more dependent on radiologic evaluation in CA19-9 negative group
than in CA19-9 positive group. CEA could be helpful; however, about 30%-60% of
patients are CEA-positive[37-39]. In this study, only 19.2% (n = 10) of CA19-9-negative
patients were CEA-positive. Post-treatment NLR could be particularly helpful to
predict prognosis, and could be applied as an adjunctive tool for response evaluation
in CA19-9 negative group.

Limitations of the study
This study aimed to assess the prognostic significance of NLR and CA19-9 in patients
with advanced pancreatic adenocarcinoma who receive first-line chemotherapy; its
potential has been confirmed. However, due to the retrospective nature of the study
and the use of single-center data, our study was limited by selection bias. Despite
several efforts to reduce selection bias, including the use of multivariate analyses,
unadjusted bias may still be present.

Lewis blood type or genotype was not evaluated, and the CA19-9-negative group
had a small sample size (n = 52); thus, results obtained within the group should be
interpreted with caution.

CONCLUSION

In advanced pancreatic cancer patients positive for CA19-9 and treated with systemic
chemotherapy, the combination of post-treatment NLR < 2.62 and 18% decline of
CA19-9 at the first response evaluation is a good prognostic marker. Post-treatment
NLR < 2.62 alone could be used as a prognostic marker and an adjunctive tool for
response evaluation in CA19-9-negative patients.

ARTICLE HIGHLIGHTS

Research background

A decline of serum carbohydrate antigen 19-9 (CA19-9) levels during systemic
chemotherapy is considered as a prognostic marker in advanced pancreatic cancer.
Neutrophil-to-lymphocyte ratio (NLR) has been studied as a simple and useful
prognostic marker.
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Research motivation
This study investigated prognostic significance of pre- and post-treatment NLR and
decline of CA19-9 in advanced pancreatic cancer.

Research objectives
To assess the prognostic significance of NLR and CA19-9 in patients with advanced
pancreatic adenocarcinoma received first-line chemotherapy.

Research methods

We retrospectively analyzed patients with advanced pancreatic cancer who received
first-line chemotherapy. Patients were divided according to CA19-9 positivity and pre-
and post-treatment NLR levels. We evaluated survival analysis and response of the
treatment according to the cut-off value of post-treatment NLR and decline of CA19-9
determined by time-dependent receiver operating characteristic curve.

Research results

We included 271 patients in this study. Cut-off value of NLR and CA19-9 reduction
was determined as 2.62 and 18%. Multivariate analysis showed that post-treatment
NLR and CA19-9 decline were significantly associated with survival. The combination
of CA19-9 decline and post-treatment NLR showed a significant correlation with
clinical response in CA19-9 positive group. Within the CA19-9-negative group, the
post-treatment NLR < 2.62 group showed better survival and better clinical response.

Research conclusions

In advanced pancreatic cancer patients, the combination of post-treatment NLR and
decline of CA19-9 is a good prognostic marker. Post-treatment NLR alone could be
used as a prognostic marker and an adjunctive tool for response evaluation in CA19-9-
negative patients.

Research perspectives
Future clinical trials for metastatic pancreatic cancer need to include post-treatment
NLR and decline CA19-9 as clinical indicators.
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