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Abstract

Background: Gallbladder and extrahepatic biliary malignancies are aggressive tumors with high risk of
recurrence and death. We hypothesize that elevated preoperative Neutrophil-Lymphocyte Ratios (NLR)
are associated with poor prognosis among patients undergoing resection of gallbladder or extrahepatic
biliary cancers.

Methods: Patients who underwent complete surgical resection between 2000-2014 were identified
from 10 academic centers (n=525). Overall (OS) and recurrence-free survival (RFS) were analyzed by
stratifying patients with normal (<5) versus elevated (>5) NLR.

Results: Overall, 375 patients had NLR <5 while 150 patients had NLR >5. Median OS was 24.5 months
among patients with NLR<5 versus 17.0 months among patients with NLR>5 (p<0.001). NLR was also
associated with OS in subgroup analysis of patients with gallbladder cancer. In fact, on multivariable
analysis, NLR>5, dyspnea and preoperative peak bilirubin were independently associated with OS in
patients with gallbladder cancer. Median RFS was 26.8 months in patients with NLR<5 versus 22.7
months among patients with NLR>5 (p=0.030). NLR>5 was independently associated with worse RFS for
patients with gallbladder cancer.

Conclusions: Elevated NLR was associated with worse outcomes in patients with gallbladder and
extrahepatic biliary cancers after curative-intent resection. NLR is easily measured and may provide
important prognostic information.
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Introduction

Neutrophil-Lymphocyte Ratio (NLR) is associated with poor
outcomes in many solid-tumors. Elevated NLR is independently
associated with worse outcomes in cancers of the breast,” thy-
roid,” colon,” stomach,” prostate,” lung,” adrenal,” pancreas”'
urogenital tract,'’ esophagus'” and in glioblastoma,'” as well as
hematologic cancers, including multiple myeloma'* and diffuse
large B-cell lymphoma.'” According to a recent systematic review
and meta-analysis including 100 studies and greater than 40,000
patients, high NLR is associated with adverse overall survival

(OS) in many solid tumors.°

Another meta-analysis evaluating
49 studies and including 14,282 patients reports elevated NLR is
associated with poor OS and disease-free survival (DFS)." The
important role that inflammation plays in cancer and operative
outcomes is being increasingly recognized.'® ** Increased pre-
operative NLR may be an important indicator of the inflam-
matory state of patient at the time of surgery. This marker is
easily obtained from a patient’s routine preoperative laboratory
studies and is easily calculated.

However, the role in prognosis of NLR has not been well
examined in extrahepatic biliary cancers and studies examining
NLR in the liver and pancreas cancer populations to date have
been relatively small and some have combined patients under-
going resections for pancreatic and biliary cancers, as well as for
hepatic metastasis from non-hepatobiliary primaries. In order to
explore the impact of NLR as a biomarker in patients with
extrahepatic biliary and gallbladder cancers, we utilized the
United States Biliary Malignancy Consortium (US-BMC) data-
base. We hypothesize that elevated NLR is associated with a
worse prognosis among patients undergoing curative-intent
resection of gallbladder and extrahepatic biliary cancer.

Materials and methods

Study population and data collection

The United States Biliary Malignancy Consortium (US-BMC) is
a group of 10 U.S. Academic Medical Centers (The Ohio State
University, Columbus, Ohio; Emory University, Atlanta, Georgia;
University of Wisconsin, Milwaukee, Wisconsin; Johns Hopkins
University, Baltimore, Maryland; Stanford University, Stanford,
California; New York University, New York, New York; Wash-
ington University, St. Louis, Missouri; Vanderbilt University,
Nashville, Tennessee; University of Louisville, Louisville, Ken-
tucky; Wake Forest University, Winston-Salem, North Carolina).
The US-BMC compiled a database of 1092 patients with distal or
hilar cholangiocarcinoma, or gallbladder cancer who underwent
operation between January 1, 2000 and December 31, 2014.
Independent manual chart review was performed at each insti-
tution and data was entered in a standardized data collection
sheet. Inclusion criteria for this study included having under-
gone curative-intent, complete resection and patients with pre-
operative complete blood count (CBC) with differential allowing
calculation of NLR. Patients using chronic steroids were excluded
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from analysis due to the interaction with white blood cell count.
The institutional review boards of all participating institutions
approved the study.

Patient demographics and preoperative comorbidities were
manually extracted from the patient’s electronic and paper re-
cords independently at each institution. Less than 5% of patients
had missing data regarding preoperative comorbidities. Tumor
size, margin and lymph node status were determined by final
pathologic examination. Staging was based on AJCC 7th edition
criteria for gallbladder cancer and distal cholangiocarcinoma.
NLR was calculated by dividing the absolute number of neu-
trophils by the absolute number of lymphocytes based on most
immediate preoperative CBC collected within 30 days of oper-
ation. CBCs were collected within 30 days and for patients with
multiple CBCs collected during this time period the one
collected closest to the date of surgery was used. For the purposes
of this study NLR greater than or equal to 5 was defined as
elevated.”!”*>?* Postoperative complications were manually
extracted from each patient’s chart at each institution and
entered into the standardized data collection sheet. If no
complication was experienced, nothing was noted.

Statistical analysis

Clinicopathologic characteristics were recorded and patient co-
horts were analyzed stratified by NLR <5 and NLR >5. Cate-
gorical variables were analyzed using the Chi-square test or
Fisher’s exact tests and Wilcoxon test was used for continuous
variables. Overall survival (OS) was defined as the time from date
of surgery to date of death. Patients who were alive at the date of
last observation were censored for survival analysis. Recurrence
free survival (RFS) was defined as the time from date of surgery
to date of disease recurrence. Patients who were disease free at the
date of last observation were censored. Survival curves were
estimated using the Kaplan—Meier method log-rank tests strat-
ified according to NLR (between NLR <5 and NLR >5). Uni-
variate Cox Regression were fit for each variable first, then
multivariable Cox regression models were fit to OS and RFS,
respectively using all the variables with p < 0.15 in the univariate
analysis. Only variables that were available preoperatively were
included in univariate and multivariate analysis. Variables with
p > 0.05 were removed sequentially from the Cox regression
model using the backward selection method. All statistical ana-
lyses were conducted using SAS for Windows~ Version 9.2 (SAS
Institute Inc., Cary, NC). A p-value <0.05 was considered
significant.

Results

There were 525 patients who qualified for inclusion. In assessing
the entire cohort, 187 (36%) patients had gallbladder cancer, 189
(36%) had distal cholangiocarcinoma and 149 (28%) had hilar
cholangiocarcinoma. There were 375 patients with NLR <5
(71%) and 150 patients with NLR >5 (29%). Factors associated
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Table 1 Clinicopathological features and outcomes stratified by NLR

Characteristic NLR
<5
N 375
Male sex 180 (48.0)
Age, yr, median (IQR) 67 (57-73)
White race 273 (76.0)
ASA
1or2 105 (37.4)
3or4 176 (62.6)
Diagnosis
Gallbladder cancer 145 (38.7)
Distal cholangiocarcinoma 122 (32.5)
Hilar cholangiocarcinoma 108 (28.8)
Margin status
RO 296 (79.6)
R1 75 (20.2)
R2 1(0.3)
AJCC T stage
Gallbladder
0
1
2 58 (42.0)
3 58 (42.0)
4 6.5)
5 (2.2
Distal cholangiocarcinoma
1 4 (3.6)
2 34 (30.6)
3 66 (59.5)
4 7 (6.3)
Hilar cholangiocarcinoma
0 9 (12.2)
1 21 (28.4)
2 28 (37.8)
3 13 (17.6)
4 3(4.1)
Lymph node positive 153 (44.5)
Type of resection
Bile duct resection only 34 (9.1)
Cholecystectomy only 14 (3.8)
Radical cholecystectomy (Segments IVb+V) + Portal LN dissection 123 (33.0)
Right hepatectomy + Bile duct resection 15 (4.0)
Left hepatectomy + Bile duct resection 31 (8.3)
Extended right hepatectomy + Bile duct resection 17 (4.6)
Extended left hepatectomy + Bile duct resection 9 (2.4)
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>5

150

86 (57.3)
69 (61-77)
114 (80.3)

42 (28.0)
67 (44.7)
41 (27.3)

113 (75.8)
36 (24.2)
0(0)

0 (0)

2 (4.9
14 (34.2)
21 (51.2)
2 (4.9

2 (4.9

5 (8.6)
13 (22.4)
38 (65.5)
2 (3.5)

4(11.4)
11 (31.4)
14 (40.0)
5 (14.3)
1(2.9)
60 (46.9)

19 (12.7)
9 (6.0)
30 (20.0)
7@4.7)
12 (8.0)
9 (6.0)
4.7

0.053

0.010

0.308

0.359

0.019

0.532%

0.7367

0.317%

0.992%

0.642
0.038

© 2016 International Hepato-Pancreato-Biliary Association Inc. Published by Elsevier Ltd. All rights reserved.



HPB 953
Table 1 (continued)
Characteristic NLR
<5 25 P
Right trisectorectomy + Bile duct resection 20 (5.4) 1(0.7)
Left trisectorectomy + Bile duct resection 9 (2.4) 6 (4.0
Pylorus-preserving Whipple 39 (10.5) 19 (12.7)
Classic whipple 59 (15.8) 34 (22.7)
Whipple + Right hepatectomy 3 (0.80) 0 (0)
In-hospital mortality 20 (5.9) 3(2.0) 0.103?
Complications 197 (65.3) 93 (66.0) 0.030
LOS, days, median (IQR) 8 (6-14) 9 (7-15) 0.025
Reoperation 24 (6.5) 11 (7.5) 0.673
Neoadjuvant chemotherapy 10 (2.7) 4(2.7) 12
Adjuvant chemotherapy 175 (564.2) 63 (49.6) 0.382

2 Fisher’s exact test.
P-values in bold in Table 1 indicate statistical significance with p<0.05.

with elevated NLR were male sex, age, diagnosis and type of
resection (Table 1). Of these diagnosis was independently asso-
ciated with NLR on multivariable analysis (p = 0.020).

Patients with NLR <5 and NLR >5 had similar rates of in-
hospital mortality (5.3% versus 2.0%, p = 0.103). Patients with
NLR <5 experienced less complications than patients with NLR
>5 (55.3% versus 66.0%, p = 0.030). Patients with NLR <5 had
shorter lengths of stay (median 8 days versus 9 days, p = 0.025)
but experienced similar rates of reoperation (6.5% versus 7.5%,
p = 0.673) as patients with NLR >5. Few patients in either group
received neoadjuvant chemotherapy (2.7% and 2.7%), and a
similar proportion in each group received adjuvant chemo-
therapy (54.2% versus 49.6%, p = 0.382).

Commonly performed procedures included radical cholecys-
tectomy and portal lymph node dissection for patients with gall-
bladder cancer, standard pancreatoduodenectomy or pylorus-
preserving pancreatoduodenectomy for patients with distal chol-
angiocarcinoma and isolated bile duct resection. Additionally,
many patients with hilar cholangiocarcinoma underwent bile duct
resection with left or right, or extended left or right, hepatectomy.

In the entire cohort (Fig. la, log-rank test, p < 0.001) and
among the subgroup of patients with gallbladder cancer (Fig. 1b,
log-rank test, p < 0.001), overall survival (OS) was higher in pa-
tients with NLR <5 than patients with NLR >5. In the subgroup of
patients with extrahepatic cholangiocarcinoma there was a similar
trend, but this did not reach statistical significance (Fig. 1c, log-
rank test, p = 0.068). In the entire cohort the 1-, 3- and 5-year
survival were 75%, 38% and 28% in the group with NLR <5 versus
66%, 22% and 14% in the group with NLR >5. Among patients
with gallbladder cancer 1-, 3- and 5-year survival were 76%, 43%
and 34% among patients with NLR <5 versus 63%, 12% and 8%
among patients with NLR >5. In patients with extrahepatic
cholangiocarcinoma the 1-, 3- and 5-year survival were 75%, 35%
and 24% in the group with NLR <5 versus 67%, 25% and 16% in
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the group with NLR >5. NLR >5 was independently associated
with worse OS in patients with gallbladder cancer (Table 2, HR
3.52, 95% CI 1.58-7.85), but was not associated by multivariate
analysis with OS in the entire cohort or in patients with extrahe-
patic cholangiocarcinoma (data not shown).

In the entire cohort (Fig. 2, log-rank test, p = 0.030)
recurrence-free survival (RFS) was significantly higher in pa-
tients with NLR <5 in comparison to patients with NLR >5.
Among the subgroup of patients with gallbladder cancer there
was a similar trend, but this did not reach statistical significance
(log-rank test, p = 0.084). In the entire cohort median 1-, 3- and
5-year RFS were 76%, 44% and 39% in the group with NLR <5
versus 65%, 34% and 27% in the group with NLR >5. In the
subgroup with gallbladder cancer median, 1-, 3- and 5-year RFS
were 70%, 49% and 44% in the group with NLR <5 versus 41%,
34% and 34% in the group with NLR >5. There was also not a
significant difference in RFS based on NLR cutoff of 5 in patients
with extrahepatic cholangiocarcinoma. NLR >5 was indepen-
dently associated with worse RES for patients with gallbladder
cancer (Table 3, HR 4.63 95% CI 1.48—14.51), but was not
associated on multivariate analysis with RFS in the entire cohort
or patients with extrahepatic cholangiocarcinoma.

Discussion

The present study of nearly 700 patients with gallbladder and
extrahepatic biliary cancers demonstrate that elevated NLR is
associated with worse outcomes after curative-intent surgical
resections. This finding is consistent with other smaller studies
demonstrating that elevated NLR portends poor prognosis in
solid tumor malignancies.' "

Other studies in patients with hepato-pancreato-biliary (HPB)
cancers agree with the findings presented in this paper. In a study
of 452 patients who underwent a HPB procedure for malignant
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Figure 1 a. Overall survival NLR <5 versus NLR >5, entire cohort, (p < 0.001). b. Overall survival NLR <5 versus NLR >5, gallbladder cancer,
(p < 0.001). c. Overall survival NLR <5 versus NLR >5, extrahepatic cholangiocarcinoma (p = 0.068)

disease, NLR >5 was found to be associated with worse OS.””  preoperative NLR is associated with worse OS in gallbladder
Elevated NLR is associated with worse survival after hepatec- cancer at a lower threshold (>1.94) than the current study ac-

tomy for intrahepatic cholangiocarcinoma.”’25 Elevated cording to at least one other group of investigators.26
Table 2 Predictive factors for overall survival in gallbladder cancer
Univariate analysis Multivariate analysis
p-value Hazard ratio p-value Hazard ratio
Neutrophil-lymphocyte ratio >5 <0.001 2.08 [1.35, 3.21] 0.002 3.52 [1.58, 7.85]
Dyspnea 0.05 2.32 [1.00, 5.37] 0.009 4.48 [1.45, 14.77]
Severe COPD 0.08 2.44 {0.88, 6.73]
Age 0.09 1.02 [1.00, 1.03]
White blood cell count 0.07 1.04 [1.00, 1.09]
Preoperative peak bilirubin <0.001 1.09 [1.05, 1.13] <0.001 1.12 [1.05, 1.20]
Last bilirubin <0.001 1.10 [1.03, 1.19]
Albumin <0.001 0.56 [0.42, 0.74]
INR 0.01 3.09 [1.33, 7.19]
CA 19-9 <0.001 1.00 [1.00, 1.00]
Platelet-lymphocyte ratio 0.06 0.99 [0.97, 1.00]

Variables, p-values and hazard ratios in bold indicate those which were found to be significant on multivariate analysis.
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Figure 2 Recurrence free survival NLR <5 versus NLR >5, entire
cohort, (p = 0.030)

Despite the robust and growing data regarding the utility of the
NLR, findings are not uniform across all publications. For pa-
tients with gastric cancer, the Glasgow prognostic score and
Tumor Node Metastasis (TNM) staging system may be more
robust predictors of survival than NLR.”” Studies are not
concordant for whether elevated NLR is*® or is not”’ associated
with worse outcomes for patients with cholangiocarcinoma. It is
therefore perhaps noteworthy that elevated NLR was not as
strongly associated with cholangiocarcinoma outcomes in this
study as it was for patients with gallbladder cancer.

Our group has previously published the importance of NLR
trend comparing values before and after therapy, specifically
before and after chemoembolization in patients with hepatocel-
lular carcinoma. In that study, patients whose NLR rose 1 month
after TACE or remained elevated had significantly worse survival
than those whose NLR normalized or remained normal.”’ NLR

trend may be another potentially useful biomarker for HPB and
other cancers. Other potential uses of NLR besides survival out-
comes may include identifying patients who might benefit from
adjuvant therapy.'” Stratifying patients based on pretreatment
NLR within treatment arms in clinical trials may provide addi-
tional information regarding response to therapy and may aid in
personalization of treatment. NLR has been used in other cancer
types to identify patients least likely to respond to chemotherapy.”'
The mechanism behind the association of NLR and worse prog-
nosis in these and other cancers has not been established. This is
an important arena for further studies.

There are limitations that should be considered in the inter-
pretation of this study. The data described are derived from a
multi-institutional cohort and therefore there was no standardi-
zation of operative procedures or perioperative approach between
centers. A limitation of the collaborative in general is the combi-
nation of three types of cancer. Additionally, a substantial number
of patients were excluded due to missing neutrophil and
lymphocyte data. The advantages of using this multi-institutional
cohort include achievement of an improved sample size, increased
generalizability of the results and reduction of potential biases
observed in single-institution observational studies. Although the
sample size achieved was improved over that which could be
obtained at a single institution, a larger sample size may desirable.

Gallbladder and extrahepatic biliary malignancies are
aggressive cancers with high rates of recurrence and death even
after surgical resection. Neutrophil-lymphocyte ratio is a readily
available biomarker that can be calculated without obtaining
additional costly laboratory testing. Thus, its’ value should be
calculated by oncologists of all disciplines and incorporated
with other prognostic information. Further, it would be
reasonable to stratify patients for clinical trials based on pre-
therapy NLR.

Table 3 Predictive factors for recurrence-free survival in gallbladder cancer

Univariate analysis

Multivariate analysis

p-value Hazard ratio p-value Hazard ratio
Neutrophil-lymphocyte ratio >5 0.09 1.75 [0.92, 3.31] 0.009 4.63 [1.48, 14.51]
Hypertension 0.15 1.50 [0.86, 2.60]
Diabetes - insulin dependent 0.10 2.41 [0.85, 6.80] <0.001 432 [15.6, 12024.4]
Dyspnea 0.06 3.29 [0.92, 15.89]
Severe COPD 0.06 2.13 [0.95, 10.26]
Systemic sepsis 0.02 5.59 [1.32, 23.55] 0.005 70.6 [3.4, 1430.8]
Ascites 0.02 11.72 [1.49, 92.51]
White blood cell count 0.09 1.08 [0.99, 1.17]
Peak bilirubin <0.001 1.09 [1.03, 1.15] <0.001 1.16 [1.06, 1.26]
Last bilirubin 0.03 1.12[1.01, 1.23]
Albumin 0.11 0.70 [0.45, 1.09]
INR 0.09 2.54 [0.89, 7.30]
CA 19-9 0.02 1.00 [1.00, 1.00]

Variables, p-values and hazard ratios in bold indicate those which were found to be significant on multivariate analysis.
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