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a b s t r a c t

Background: The neutrophil-to-lymphocyte ratio (NLR) has been shown to be predictive of

outcomes in various cancers, including neuroendocrine tumors (NETs), and cancer-related

treatments, including transarterial chemoembolization (TACE). We hypothesized that NLR

could be predictive of response to TACE in patients with metastatic NET.

Methods: We reviewed 262 patients who underwent TACE for metastatic NET at a single

tertiary medical center from 2000 to 2016. NLR was calculated from blood work drawn 1 d

before TACE, as well as 1 d, 1 wk, and 6 mo after treatment.

Results: The median post-TACE overall survival (OS) of the entire cohort was 30.1 mo.

Median OS of patients with a pre-TACE NLR � 4 was 33.3 mo versus 21.1 mo for patients

with a pre-TACE NLR >4 (P ¼ 0.005). At 6 mo, the median OS for patients with post-TACE

NLR > pre-TACE NLR was 21.4 mo versus 25.8 mo for patients with post-TACE NLR �
pre-TACE NLR (P ¼ 0.007). On multivariate analysis, both pre-TACE NLR and 6-mo post-

TACE NLR were independent predictors of survival. NLR values from 1-d and 1-wk post-

TACE did not correlate with outcome.

Conclusions: An elevated NLR pre-TACE and an NLR that has not returned to its pre-TACE

value several months after TACE correlate with outcomes in patients with NET and liver

metastases. This value can easily be calculated from laboratory results routinely obtained

as part of preprocedural and postprocedural care, potential treatment strategies.

ª 2018 Elsevier Inc. All rights reserved.

* Corresponding author. The Ohio State University Wexner Medical Center, 410 W. 10th Ave., N-924 Doan Hall, Columbus, OH 43210-1228.
Tel.: þ(614) 293 0758; fax: þ(614) 293 3465.

E-mail address: lawrence.shirley@osumc.edu (L.A. Shirley).

Available online at www.sciencedirect.com

ScienceDirect

journal homepage: www.JournalofSurgicalResearch.com

j o u r n a l o f s u r g i c a l r e s e a r c h � d e c em b e r 2 0 1 8 ( 2 3 2 ) 3 6 9e3 7 5

0022-4804/$ e see front matter ª 2018 Elsevier Inc. All rights reserved.
https://doi.org/10.1016/j.jss.2018.06.058

mailto:lawrence.shirley@osumc.edu
http://crossmark.crossref.org/dialog/?doi=10.1016/j.jss.2018.06.058&domain=pdf
www.sciencedirect.com/science/journal/00224804
http://www.JournalofSurgicalResearch.com
https://doi.org/10.1016/j.jss.2018.06.058
https://doi.org/10.1016/j.jss.2018.06.058
https://doi.org/10.1016/j.jss.2018.06.058
https://doi.org/10.1016/j.jss.2018.06.058


Introduction

Neuroendocrine tumors (NETs) are malignant neoplasms that

originate from the epithelium of organs with neuroendocrine

differentiation. These neoplasms typically exhibit relatively

indolent growth leading to prolonged survival.1 Metastases

involving the liver can be seen in 46%-93% of patients with

NETs and often manifest diffusely throughout the liver before

symptomspresent, worsening the prognosis.2 This often leads

to synchronous diagnosis of primary tumor and liver metas-

tases. Surgical intervention is limited in patients with diffuse

bilobar hepatic metastases, making locoregional treatments

such as transarterial chemoembolization (TACE) an optimal

choice.3-5 TACE is often effective, controlling both the further

progression of the tumor throughout the liver and the symp-

toms of excess hormone production.6-10

Although TACE is a standard-of-care procedure in these

patients, the effectiveness of this treatment strategy in pa-

tients with significant hepatic involvement, where much of

the liver parenchyma has been compromised, is incompletely

understood. In addition, the selection criteria for patients with

NETs to be treated with TACE, as opposed to other antineo-

plastic therapies, are poorly defined. As such, discovery of

novel biomarkers would be valuable in this patient

population.

The use of the NLR as a prognostic tool in cancer treat-

ments has been consistently validated.11-13 Elevated NLR has

been shown to correlate with decreased survival in colo-

rectal,14,15 gallbladder,16 hepatocellular,17-19 thymic,20

lung,21,22 renal cell,23,24 esophageal squamous cell,25

bladder,26 adrenocortical,27 pancreatic,28 paranasal sinus,29

gastric,30 prostate,31 and breast32 carcinomas as well as oste-

osarcoma33 and glioblastoma.34 To better predict outcomes in

patients with NETs and metastatic liver involvement who

receive TACE, we hypothesized that a lower NLR pre-

procedure, and postprocedure, would correlatewith improved

long-term outcomes.

Methods

After institutional review board review, the study was

approved for waiver of consent and full waiver of Health In-

surance Portability and Accountability Act research authori-

zation. We reviewed the records of 262 patients at The Ohio

State University Wexner Medical Center with metastatic

neuroendocrine cancer who underwent TACE treatment be-

tween 2000 and 2016. Values collected included age at diag-

nosis, sex, race, primary tumor location and histology,

presenting symptoms, the presence of carcinoid syndrome,

whether the hepatic metastasis was diagnosed synchro-

nously, tumor burden in the liver, whether primary tumorwas

resected, grade of tumor, presence of lymph node metastasis,

presence of extrahepatic disease, tumor response to TACE on

imaging, disease progression post-TACE, whether patients

went on to hepatic resection, and survival. In addition, abso-

lute neutrophil and lymphocyte values were collected from

complete blood count (CBC) with differential drawn pre-TACE

(the morning of the first procedure) and post-TACE (1 d, 1 wk,

and 6 mo after the completion of planned procedure course).

The NLR was then calculated by dividing the neutrophil value

by the lymphocyte value.

Response of the hepatic metastases to the TACE procedure

was calculated using the Response Evaluation Criteria in Solid

Tumors and the radiologist reports on the follow-up computed

tomography or magnetic resonance imaging scans. Radiology

reports were used from all computed tomography or magnetic

resonance imaging scans taken after TACE to determine if and

when progression of hepatic disease ensued.

When analyzing the entire cohort, at 36 mo, those patients

alive had a median pre-TACE NLR of 3.3, while those who had

died had a median pre-TACE NLR of 4.4. As such, the cohort

was divided into two groups based on whether each patient’s

pre-TACE NLRwas greater than or less than 4. Themedian NLR

1 d after TACEwas 13.68while themedianNLR 1wk after TACE

was 9.12. For this reason, the cohort was then divided into two

groups based on whether each patient’s 1-d post-TACE NLR

was greater than or less than 15, and then two additional

groups based on whether each patient’s 1-wk post-TACE NLR

was greater than or less than 10. Finally, the cohort was divided

into two groups based on whether each patient’s 6-mo post-

TACE NLR was greater than or less than the pre-TACE NLR.

Comparisons were made between groups to investigate dif-

ferences in median overall survival (OS) from the time of first

TACE treatment. Of note, every patient received a periproce-

dural dose of 400 mg ciprofloxacin IV unless patient previously

underwent a pancreaticoduodenectomy, in which case, they

received 400 mg moxifloxacin per os for 5 d before the pro-

cedure and 21 d after the procedure.

Inclusion criteria were diagnosis of NET with metastatic

disease to the liver, at least one TACE treatment used on the

patient, and appropriate preprocedural and postprocedural

data available. Categorical data were compared by chi-square

or Fisher’s exact test, and quantitative data by Student’s t test

or ManneWhitney U test when appropriate. Survival curves

were created using the KaplaneMeier method, and compari-

sons made via log-rank test. Multivariate analysis was done

using a Cox regression model and covariates of age, gender,

race, type of primary tumor, whether the primary tumor was

resected, tumor grade, presence of carcinoid syndrome, and if

the diagnosis of liver metastasis was synchronous with the

NET primary diagnosis. All statisticswere analyzed using SPSS

version 24 (IBM, Armonk NY).

Results

The cohort consisted of 262 patients who had a preTACE CBC

drawn from which an NLR value could be calculated. Of these

262 patients, 260 had a CBC drawn 1 d after TACE, 224 had a

CBC drawn 1-wk after TACE, and 205 had a CBC drawn 3 to

9 mo after TACE. The mean age at diagnosis of primary tumor

was 57 y with small bowel being the most common primary

site (35%). Thirty-one percent of the patients only had a single

TACE procedure performed, 55% had only two procedures,

14% had three procedures, 8% had four procedures, and 2%

had more than four procedures. There were 25 patients who

experienced complications in the perioperative time period
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