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Abstract The blood neutrophil-to-lymphocyte ratio (NLR)
is reported to be a prognostic marker in several cancers. How-
ever, the prognostic role of NLR in patients with advanced
cholangiocarcinoma on chemotherapy is unknown. A total of
221 patients with pathologically confirmed locally advanced
or metastatic cholangiocarcinoma receiving first-line pal-
liative chemotherapy were enrolled. Associations between
baseline clinical and laboratory variables including NLR and
survival were investigated. Patients were classified into two
groups according to the NLR level (<5 vs. >5). Median over-
all survival (OS) and time to progression (TTP) in patients
with NLR < 5 were 10.9 and 6.7 months, respectively, and
6.8 and 4.1 months in patients with NLR > 5 (P < 0.001,
P =0.002, respectively). In multivariate analysis, number of
cycles of chemotherapy was a significant predictor of longer
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OS (HR 0.86, P < 0.001), whereas adverse prognostic factors
for OS were CA 19-9 > 300 (HR 1.43, P = 0.025), CEA > 5
(HR 1.44, P = 0.029), higher stage (HR 1.69, P = 0.004),
and NLR > 5 (HR 1.87, P < 0.001). NLR > 5 was also asso-
ciated with reduced TTP (HR 1.66, P = 0.007). Among 50
patients with initial NLR > 5, 33 patients had NLR < 5 after
two cycles of chemotherapy and they had significantly better
survival than the others (HR 0.48, P = 0.015). NLR inde-
pendently predicts survival in patients with advanced cholan-
giocarcinoma undergoing chemotherapy. Considering cost-
effectiveness and easy availability, NLR may be a useful
biomarker for prognosis prediction.
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Survival

Abbreviations

CA 19-9 Carbohydrate antigen 19-9

CCA Cholangiocarcinoma

CEA Carcinoembryonic antigen

CI Confidence interval

CR Complete response

CRP C-reactive protein

dNLR Derived neutrophil-lymphocyte ratio
ECOG Eastern Cooperative Oncology Group

HR Hazard ratio

NLR Neutrophil-lymphocyte ratio
NSAIDs Nonsteroidal anti-inflammatory drugs
(0N} Overall survival

PD Progressive disease

PFS Progression-free survival

PR Partial response

SD Stable disease

TTP Time to progression
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Introduction

Cholangiocarcinoma (CCA) is a malignancy that is often
fatal. More than one-third of patients are unresectable at
presentation. Although several regimens including gemcit-
abine are available for the palliation of CCA, the response
rate remains low (<30 %) [1].

It is becoming clear that the inflammatory process is
critical for tumor progression. Proinflammatory cytokines
and signaling molecules could lead to neoangiogenesis
or lymphangiogenesis, which may potentiate neoplas-
tic growth [2]. CCA development is possibly mediated
by chronic inflammation of the bile duct [3]. Recently,
the prognostic role of inflammation in CCA was reported
[4-6].

The neutrophil-lymphocyte ratio (NLR) is an indica-
tor of the systemic inflammatory response and has been
shown to be associated with poor prognosis in various
types of tumors [7-9]. Although NLR has been implicated
as a prognostic factor in biliary tract cancer including
CCA or gallbladder cancer [10-13], only one study has
demonstrated the association between NLR and overall
survival (OS) [4]. Moreover, no study has yet investigated
the prognostic role of NLR in patients with pure advanced
CCA.

The aim of this study was to assess the association of
NLR with OS and progression-free survival (PFS) in
patients with advanced CCA, and to evaluate whether the
early change of NLR during systemic chemotherapy was
predictive of survival in these patients.

Materials and methods
Study subjects

Between August, 2004 and September, 2013, 579 con-
secutive patients with locally advanced or metastatic CCA
received systemic chemotherapy at Seoul National Univer-
sity Hospital. All data were entered retrospectively by a
single researcher (BS Lee), after approval from the institu-
tional review board of Seoul National University Hospital.

Diagnosis of all CCAs was based on pathologic con-
firmation. Exclusions comprised fewer than two cycles
of chemotherapy (n = 21), history of another malignancy
within the previous 5 years (n = 9), and prior systemic
treatment (n = 10). Patients who underwent operation
(n = 316) and never evaluated (n = 2) were also excluded.
Finally, 221 patients were eligible for the analysis and were
followed until June 30, 2014 (Fig. 1).

Data collection and definition

NLR was defined as absolute neutrophil count divided by
the absolute lymphocyte count in peripheral blood. Pre-
and post-treatment NLRs were checked before and after
two cycles of chemotherapy, respectively.

Demographic and clinical variables collected included
age, gender, Eastern Cooperative Oncology Group (ECOG)
performance status, Charlson comorbidity index score
[14], obesity (body mass index >25 kg/mz) [15], concomi-
tant biliary infection (cholecystitis or cholangitis), location

Fig. 1 Flowchart on patient
selection

A total of 579 patients with pathologically-confirmed
locally advanced or metastatic cholangiocarcinoma
receiving first-line palliative chemotherapy

Aug. 2004- Sep. 2013

- Cases recurred after surgery with curative intent (302)
« Other malignancy within 5 years (9)

* Prior systemic treatment (10)

+ Palliative operation (14)

« Never evaluated (2)

 Received only 1 cycle of chemotherapy (21)

221 patients were eligible for analysis
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Table 1 Baseline patients
characteristics

Variables

Median (interquartile range) or number (%)

Age
Gender

Body mass index

Charlson comorbidity index score
ECOG performance status (0/1/2)

Cholecystitis/cholangitis

Tumor location (distal/perihilar/intrahepatic)

Tumor stage (III/IV)

Disease status (locally advanced/metastatic)

Total bilirubin (mg/dl)

CA 19-9 (U/ml)

CEA (ng/ml)

C-reactive protein (mg/dL)
Neutrophil-lymphocyte ratio
<5/>5

Endoscopic biliary drainage/PTBD
Chemotherapy regimen (Gemcitabine-based/5-FU-based)

Time to progression (months)

Overall survival (months)

Number of cycles of chemotherapy

62.0 (54.5-68.0)
153 (69.2)/68 (30.8)

23.0 (21.2-25.0)

0.0 (0-4.0)

38 (17.2)/168 (76.0)/15 (6.8)
8 (3.6)/21 (9.5)

26 (11.8)/71 (32.1)/124 (56.1)
56 (25.3)/165 (74.7)

84 (38.0)/137 (62.0)

0.8 (0.6-1.25)

309.0 (37.5-4245.0)

2.8 (1.5-10.1)

2.3 (0.8-5.0)

3.3(2.2-4.9)

171 (77.4)/50 (22.6)

80 (36.2)/82 (37.1)

179 (81.0)/42 (19.0)
5.1(2.2-10.4)

9.5 (6.0-15.9)

4.0 (2.0-8.0)

ECOG Eastern Cooperative Oncology Group, PTBD percutaneous transhepatic biliary drainage

of tumor (intrahepatic, perihilar, distal), stage [16], and
disease status (locally advanced or metastatic). Labora-
tory variables included total bilirubin level, prothrombin
activity (%), carbohydrate antigen 19-9 (CA 19-9), carci-
noembryonic antigen (CEA), and C-reactive protein (CRP)
level. Parameters of treatment information included biliary
decompression (endoscopic biliary drainage or percutane-
ous transhepatic biliary drainage), regimen of chemother-
apy, and number of cycles of chemotherapy.

All patients with cholangitis or jaundice received biliary
drainage before chemotherapy, and no patient had clini-
cal signs of sepsis at the time of blood sampling for NLR.
Nevertheless, in order to adjust for potential confounding
effect, data on biliary infection at admission and biliary
decompression were also collected, and these variables
were included in the analyses.

Statistical analyses

NLR > 5 was selected as the cutoff level based on previous
investigations [7, 9, 17]. Primary end points were OS and
time to progression (TTP).

Survival was measured from the time of initiation of
first-line therapy until death or last contact. Dates of death
were obtained from the Korean Central Cancer Registry or
final medical records. Treatment response or tumor pro-
gression was assessed using Response Evaluation Crite-
ria in Solid Tumors version 1.1 [18]. TTP was defined as

the time from the initiation of chemotherapy until disease
progression ascertained by radiologic evaluation. Univari-
ate survival analysis was performed with Kaplan—-Meier
method and log-rank test. All variables with P < 0.1 in uni-
variate analysis were included in the multivariate model.
Hazard ratios (HRs) and 95 % confidence intervals (Cls)
were estimated from forward stepwise Cox proportional
analysis.

To assess the prognostic role of change in NLR during
early stage of treatment, patients were categorized using
NLR values estimated before and after initial two cycles of
chemotherapy, as follows: (a) subjects with NLR < 5 con-
sistently, (b) subjects with NLR change from >5 to <5, (c)
subjects with NLR change from <5 to >5, and (d) subjects
with NLR > 5 consistently. Survival curves of these groups
were compared by use of the log-rank test.

Two-sided P values <0.05 were considered statistically
significant. All statistical analyses were performed with
SPSS 21.0 (SPSS, Chicago, IL, USA).

Results
Clinical characteristics of the patients
Baseline patient characteristics are summarized in Table 1.

Intrahepatic CCA was the most common subtype (n = 124,
56.1 %). One hundred and thirty-seven (62 %) patients
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had CCA with distant metastasis, and 84 (38 %) had
locally advanced CCA. The majority of patients received
gemcitabine-based treatment (n = 179, 81 %). Median
NLR was 3.3 (interquartile range 2.2—4.9), and 50 patients
(22.6 %) had NLR > 5. Median TTP and OS were 5.1 and
9.5 months, respectively. At the time of final data analysis,
197 patients (89.1 %) had died.

OS according to clinical characteristics and NLR

In the univariate analysis, median OS in patients with
NLR > 5 was 6.8 months (95 % CI 5.1-8.4 months) ver-
sus 10.9 months (9.5-12.4 months) in patients with
NLR < 5 (P < 0.001). Other prognostic factors signifi-
cantly associated with survival in univariate analysis were
CA 19-9 > 300 (HR 1.57, P = 0.002), CEA > 5 (HR 1.39,
P = 0.030), CRP > 2.5 (HR 1.38, P = 0.023), intrahepatic
location (HR 2.13, P = 0.002), metastatic disease status
(HR 1.51, P = 0.007), and the number of cycles of chemo-
therapy (HR 0.88, P < 0.001; Table 2).

To identify the independent prognostic significance of
the NLR for OS, multivariate Cox analysis was performed
including covariates with P < 0.1 from univariate analysis.
NLR > 5 was significantly associated with poor survival
(HR 1.87, P < 0.001). Other independent prognostic fac-
tors for poor prognosis were CA 19-9 > 300 (HR 1.43,
P = 0.025), CEA > 5 (HR 1.44, P = 0.029), and higher
stage (HR 1.69, P = 0.004). Number of cycles of chemo-
therapy was significantly associated with longer OS (HR
0.86, P <0.001) (Table 4).

Subgroup analysis was performed, including only
patients with intrahepatic CCA. NLR > 5 was still a signifi-
cant prognostic factor for poor survival in the multivariate
analysis (HR 1.97, P = 0.002) (Supplementary Table 1).

TTP according to clinical characteristics and NLR

NLR > 5 and number of cycles of chemotherapy were sig-
nificantly associated with TTP in univariate and multivari-
ate analyses. Median TTP in subjects with NLR > 5 was
4.1 months (95 % CI 2.4-5.8 months) and 6.7 months
(95 % CI 5.0-8.4 months) in patients with NLR < 5.
CRP > 2.5 was also predictive of shorter TTP in univari-
ate analysis (P = 0.043). However, the associations did
not reach statistical significance in multivariate analysis
(Tables 3, 4).

Survival differences according to the change in NLR
after chemotherapy

NLR exceeded 5 in 50 patients at baseline, and 171 patients

had NLR < 5. Among the 171 patients, 24 had increased
NLR (>5) after two cycles of treatment (C). However, the

@ Springer

others still had NLR < 5 after chemotherapy (A). Likewise,
among the 50 subjects who had NLR > 5 at baseline, 33
had decreased NLR (<5) after two cycles of chemotherapy
(B), whereas NLR was still higher than 5 in 17 patients (D)
(Fig. 2).

Survival was compared between these (A-D) groups.
Group A (or patients with NLR < 5 both before and after
chemotherapy) displayed the highest survival (median
11.2 months). Among subjects with high NLR at baseline,
patients with improved NLR (group B) after treatment had
better survival than the others (group D) (median 7.9 vs.
4.3 months, P = 0.015). In patients with low NLR before
the treatment, subjects with post-treatment NLR > 5 (group
C) had significantly worse survival than other patients
(Group A) (median 4.9 vs. 11.2 months, P = 0.004).

Of the 199 assessable subjects, 29 (14.6 %) patients
had a partial response (PR), 106 (53.3 %) had stable dis-
ease (SD), and 64 (32.2 %) had progressive disease (PD).
There was no patient achieved complete response (CR) in
this investigation. Clinical response (CR + PR) was not
observed in group C (0 %), whereas 16.2 % of the patients
in group A had a clinical response (P = 0.046). There was
a trend toward a higher clinical response rate in group B
(21.4 %) than in group D (7.1 %). However, it did not reach
statistical significance (P = 0.392).

Discussion

NLR has been known to be a prognosticator in various
types of tumors. However, the prognostic role of NLR
in advanced CCA remains unclear. The present study
revealed that baseline NLR > 5 was significantly associ-
ated with reduced TTP and worse survival in patients with
advanced CCA undergoing chemotherapy, and also showed
that decreased NLR after treatment was linked with better
survival.

Previously, only one study focused on the prognostic
role of NLR in advanced biliary tract cancer [4]. The study
population included patients with gallbladder cancer as
well as CCA, which was one of the limitations of the study.
Although the authors demonstrated that NLR > 3 was pre-
dictive for worse survival in subjects with advanced biliary
tract cancer, the study failed to show a prognostic value
of NLR in patients with advanced CCA, except perihilar
CCA. Indeed, the present study is the first to identify an
association between NLR and survival in a pure population
of advanced CCA, and demonstrates the predictive value of
higher NLR for worse survival in advanced CCA.

Several explanations are possible for the association
between higher NLR and poor prognosis of malignancy.
Neutrophils secrete vascular endothelial growth fac-
tor, which is a proangiogenic mediator involved in tumor
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Table 2 Univariate analysis of

possible prognostic factors of
overall survival

Variable n Univariate analysis
Median survival, Months (95 % CI) HR (95 % CI) P value

Age

<65 128 10.0 (7.7-12.3) 1.00

>65 93 9.0 (7.5-10.4) 1.12 (0.84-1.49) 0.435
Sex

Male 153 9.3 (7.8-10.8) 1.00

Female 68 9.9 (7.4-12.4) 1.06 (0.78-1.44)  0.706
Obesity®

No 165 10.0 (8.1-11.8) 1.00

Yes 56 9.0 (7.3-10.6) 1.10 (0.80-1.51)  0.579
Charlson comorbidity index score

<3 133 10.2 (8.2-12.2) 1.00

>3 88 8.7 (7.3-10.1) 1.03 (0.77-1.37)  0.887
ECOG performance status

0 38 12.5 (5.3-19.6) 1.00 0.238

1 168 9.0 (7.7-10.3) 1.39 (0.95-2.03)  0.090

2 15 8.5 (4.8-12.3) 1.32(0.71-2.47)  0.384
Total bilirubin (mg/dL)

<1.5 179 9.7 (8.5-10.9) 1.00

>1.5 42 10.8 (5.0-16.6) 0.91 (0.64-1.30) 0.617
Carbohydrate antigen 19-9

<300 110 11.3 (8.6-13.9) 1.00

>300 111 8.7 (71.5-9.9) 1.57 (1.18-2.09)  0.002
Carcinoembryonic antigen

<5 146 10.4 (8.2-12.6) 1.00

>5 75 8.9 (7.0-10.8) 1.39 (1.03-1.86)  0.030
Prothrombin time (%)

>80 190 9.9 (8.4-11.4) 1.00

<80 31 7.7 (3.5-11.9) 1.30 (0.88-1.94)  0.190
C-reactive protein (mg/dL)

<25 114 11.7 (9.8-13.5) 1.00

>2.5 107 8.4 (7.4-9.4) 1.38 (1.05-1.83) 0.023
Location of tumor

Distal 26 16.5 (8.0-24.9) 1.00 0.001

Perihilar 71 11.4 (9.5-13.2) 1.35(0.81-2.24)  0.256

Intrahepatic 124 8.4 (7.3-9.6) 2.13(1.32-3.45)  0.002
Stage® of cholangiocarcinoma

1 56 10.7 (7.2-14.1) 1.00

v 165 9.3 (7.9-10.6) 1.35(0.97-1.89)  0.079
Disease status

Locally advanced 84 11.9 (9.3-14.6) 1.00

Metastatic 137 8.7 (7.4-9.9) 1.51(1.12-2.02)  0.007
Chemotherapy regimen

Gemcitabine-based 179 10.0 (8.2-11.8) 1.00

5-Fluorouracil-based 42 9.0 (7.3-10.6) 1.30 (0.93-1.84)  0.130
Neutrophil-lymphocyte ratio

<5 171 10.9 (9.5-12.4) 1.00

>5 50 6.8 (5.1-8.4) 2.15(1.55-2.99) <0.001
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Table 2 continued

Variable n Univariate analysis
Median survival, Months (95 % CI) HR (95 % CI) P value

Cholecystitis/cholangitis

No 192 9.5 (8.0-11.1) 1.00

Yes 29 10.7 (6.6-14.8) 0.93 (0.61-1.42)  0.750
Biliary decompression

No 102 8.5(7.4-9.7) 1.00

Yes 119 10.8 (9.2-12.4) 0.78 (0.59-1.03)  0.083

Number of cycles of chemotherapy®

0.88 (0.85-0.91) <0.001

ECOG Eastern Cooperative Oncology Group, HR hazard ratio, CI confidence interval

2 Obesity was defined as a body mass index >25 kg/m? according to the Asian-Pacific criteria for obesity

® All tumors were staged according to the seventh edition of American Joint Committee on Cancer (AJCC)

Classification System
¢ Continuously coded

Significant values are in bold

development and proliferation [19]. In addition, elevated
neutrophils stimulate up-regulation of cytokines and
chemokines, such as interleukin (IL)-1, IL-6, or tumor
necrosis factor, and the tumor microenvironment induced
by the process may contribute to a progression of malig-
nancy [20]. On the contrary, lymphocytes are crucial in
tumor defense. Lymphocytes induce cytotoxic cell death
through the immune response, and so a decrease in lym-
phocyte production may lead to a weaker immune reaction
against tumor cells [2, 21]. Cancer myelopoiesis and conse-
quent defective myeloid-cell differentiation are also associ-
ated with recruitment of immunosuppressor cells [22].

As the prognostic role of cancer-associated inflamma-
tion was identified, there has been a growing interest on
the manipulation of cancer-related inflammation for thera-
peutic benefit [22]. Aspirin and NSAIDs were suggested to
have a role in the enhancement of cytotoxic T cell activity,
possibly leading to a prevention of cancer-related immuno-
suppression [23]. Several drugs targeted to cytokines [24],
chemokines [25], transcription factors [26], and inflammas-
omes [27] also showed promising results for the control of
cancer-associated inflammation in previous investigations.
Given the association between NLR and cancer-related
inflammation, further study is warranted to focusing on
the role of NLR in identifying patients that may benefit
from anti-inflammatory mediators or immunocompetence
mediation.

Presently, post-treatment improvement in the NLR sta-
tus was related with better survival. Previously, it was sug-
gested that a high NLR may be a possible reflection of
greater tumor burden. Higher rate of clinical response in
patients without increased NLR during treatment than in
subjects with increased NLR in this investigation would
support this explanation. Another possible explanation is
the close association between inflammation and chem-
oresistance [28]. It has been shown that up-regulation of

@ Springer

proinflammatory cytokines bestows cancer cells acquired
resistance to chemotherapeutic drugs [29, 30].

In this study, 10 % of patients were not assessable for
radiologic response. Biliary stenting for palliation or des-
moplastic reaction in tumor sometimes precludes assess-
ment for response. Given the association between change
in NLR and radiologic response during chemotherapy,
it is possible that NLR has adjuvant activity in early dis-
crimination of patients who would benefit from continued
treatment.

Recently, a derived neutrophil-lymphocyte ratio (neu-
trophil count/white cell count minus neutrophil count;
dNLR) was introduced for prognostication and as a surro-
gate marker for the classical NLR [31-34]. This score was
developed for the further widespread validation of the NLR
using existing clinical trials databases, where only white
cell and neutrophil counts are commonly recorded. When
this score (instead of NLR) was assessed in our cohort, sig-
nificant association between dNLR > 2 and worse survival
was also investigated in multivariate analysis (HR 1.44,
P = 0.016) (Supplementary Table 2), which would suggest
that the dNLR may be further exploited in databases per-
taining to this tumor type.

This study has several limitations. First, it is based on
a collection of retrospective data from a single center.
However, the sample size was sufficient to demonstrate
prognostic significance of NLR for survival. Second, NLR
could be affected by concomitant medications, which were
not accounted for in our study.

Despite these limitations, our study has several impor-
tant strengths that outweigh the weakness. First, this is
the first analysis that demonstrated the prognostic value
of NLR for survival in advanced CCA. Second, the study
provides useful findings for clinician in practice. NLR is
easily assessable, inexpensive, and less harmful than radi-
ologic examination. Checking NLR gives an independent
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Table 3 Univariate analysis of possible prognostic factors of time to progression

Variable n Univariate analysis
Median survival, Months (95 % CI) HR (95 % CI) P value

Age

<65 128 6.4 (5.3-7.5) 1.00

>65 93 6.0 (2.8-9.1) 0.98 (0.72-1.32) 0.877
Sex

Male 153 6.5 (5.0-7.9) 1.00

Female 68 5.5@3.6-7.3) 1.15 (0.84-1.59) 0.390
Obesity®

No 165 5.7 (4.1-7.4) 1.00

Yes 56 6.2 (5.1-7.4) 0.98 (0.70-1.39) 0.923
Charlson comorbidity index score

<3 133 6.0 (4.3-7.6) 1.00

>3 88 6.1 (4.7-7.6) 0.998 (0.74-1.35) 0.991
ECOG performance status

0 38 9.0 (5.0-12.9) 1.00 0.594

1 168 5.7 (4.6-6.8) 1.23 (0.83-1.81) 0.308

2 15 5.1 (0.2-10.1) 1.15 (0.61-2.16) 0.659
Total bilirubin (mg/dL)

<15 179 6.1 (5.0-7.3) 1.00

>1.5 42 5.7 (0.4-11.1) 0.85 (0.58-1.24) 0.395
Carbohydrate antigen 19-9

<300 110 6.7 (4.9-8.5) 1.00

>300 111 5.1 (3.4-6.8) 1.23 (0.92-1.66) 0.171
Carcinoembryonic antigen

<5 146 5.8 (4.6-7.1) 1.00

>5 75 6.2 (3.6-8.9) 0.99 (0.72-1.36) 0.961
Prothrombin time (%)

>80 190 6.2 (4.8-7.7) 1.00

<80 31 5.8 (3.1-8.6) 1.02 (0.66-1.59) 0.932
C-reactive protein (mg/dL)

<25 114 7.4 (4.7-10.0) 1.00

>2.5 107 5.0 (3.7-6.4) 1.36 (1.01-1.83) 0.043
Location of tumor

Distal 26 7.4 (1.9-12.8) 1.00 0.145

Perihilar 71 6.5 (4.7-8.3) 0.91 (0.56-1.47) 0.691

Intrahepatic 124 5.7 (4.0-7.4) 1.26 (0.80-1.97) 0.313
Stage® of cholangiocarcinoma

111 56 5.8 (4.6-7.1) 1.00

v 165 6.2 (4.8-7.7) 1.20 (0.85-1.70) 0.304
Disease status

Locally advanced 84 6.0 (4.3-7.6) 1.00

Metastatic 137 6.1 (4.6-7.7) 1.30 (0.96-1.78) 0.094
Chemotherapy regimen

Gemcitabine-based 179 6.7 (5.0-8.4) 1.00

5-fluorouracil-based 42 4.7 (2.2-7.1) 1.41 (0.99-2.02) 0.059
Neutrophil-lymphocyte ratio

<5 171 6.7 (5.3-8.2) 1.00

>5 50 4.1 (2.4-5.8) 1.77 (1.23-2.56) 0.002

@ Springer



148

Cancer Immunol Immunother (2016) 65:141-150

Table 3 continued

Variable n Univariate analysis
Median survival, Months (95 % CI) HR (95 % CI) P value
Cholecystitis/cholangitis
No 192 6.2 (5.0-7.4) 1.00
Yes 29 5.5(2.2-8.7) 0.93 (0.64-1.51) 0.928
Biliary decompression
No 102 6.5 (5.5-7.5) 1.00
Yes 119 5.5(3.4-17.5) 0.92 (0.68-1.24) 0.592
Number of cycles of chemotherapy® 0.90 (0.86-0.93) <0.001
ECOG Eastern Cooperative Oncology Group, HR hazard ratio, CI confidence interval
2 Obesity was defined as a body mass index >25 kg/m? according to the Asian-Pacific criteria for obesity
5 All tumors were staged according to the seventh edition of American Joint Committee on Cancer (AJCC) Classification System
¢ Continuously coded
Significant values are in bold
Table 4 Multivariate analysis of prognostic factors in patients with 100+
advanced cholangiocarcinoma who received chemotherapy
™A
Variable n HR(5%CI)  Pvalue 80~ - Jmm
J_] B P<0.01
TTP X 60 :|P=0.99 P <0.01
i i = 7 i c
Neutrophil-lymphocyte ratio = } —ox2|P=002
<5 171 1.00 e D
Z 401 -
>5 50 1.66 (1.15-2.40) 0.007 3
Number of cycles of chemotherapy® 0.90 (0.86-0.93) <0.001
oy 20
Carbohydrate antigen 19-9
<300 110 1.00 0
>300 111 143 (1.05-196)  0.025 0 10 20 30 40 50
Carcinoembryonic antigen Duration (months)
<5 146 1.00 s -
Pre-treatment Post-treatment Number Median Survival,
>5 75 1.44(1.04-2.00) 0.029 NLR NLR months (95% CI)
St £ chol. . . A <5 <5 147 11.2(9.3-13.1)
age of cholangiocarcinoma B S5 <5 33 7.9 (6.6-9.2)
111 56 1.00 C <5 >5 24 4.9 (0.1-9.7)
D >5 >5 17 4.3 (1.2-7.5)
v 165 1.69(1.18-2.42) 0.004
Neutrophil-lymphocyte rati
culropif—ymplocyte ralio Fig. 2 Survival differences according to the change in neutrophil-
=5 171 1.00 lymphocyte ratio during chemotherapy
>5 50 1.87(1.33-2.62) <0.001

Number of cycles of chemotherapy® 0.86 (0.83-0.89) <0.001

TTP time to progression, OS overall survival
# Continuously coded

Significant values are in bold

prognostic hint and may be a support for decision-making
regarding therapeutic plans. Finally, the results would be
useful for prognostication and stratification of subjects in
clinical trials. Further studies need to clarify optimal cutoff
value of NLR for the prediction of better or worse survival
in CCA.

@ Springer

In conclusion, NLR independently predicts survival as
well as time to progression in patients with advanced CCA
undergoing chemotherapy. Considering the cost-effective-
ness and easy availability of NLR, it may be a useful bio-
marker for prognosis prediction.
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