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Blood neutrophil to lymphocyte ratio as a predictor in
patients with advanced hepatocellular carcinoma treated
with hepatic arterial infusion chemotherapy
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Aim: Inflammation plays a critical role in cancer. The aim of
the present study was to investigate the impact of neutrophil
to lymphocyte ratio (NLR) on patients with advanced hepato-
cellular carcinoma (HCC) treated with hepatic arterial infusion
chemotherapy (HAIC).

Methods: We retrospectively evaluated 266 patients with
advanced HCC treated with HAIC between March 2003 and
December 2012. NLR was calculated from the differential leu-
kocyte count by dividing the absolute neutrophil count by the
absolute lymphocyte count.

Results: The cut-off level of NLR was set as the median value
of 2.87 among all patients in this study. The objective
response rate in the patients with low NLR was 37.6%, which
was significantly better than that of the patients with high NLR
(21.1%; P < 0.01). Multivariate analysis revealed that low NLR
remained associated with the response to HAIC (P = 0.024).
Median progression-free survival and median overall survival

in patients with high NLR were 3.2 and 8.0 months, respec-
tively, which were significantly shorter than that of the
patients with low NLR (5.6 and 20.7 months; P <0.01 and
P < 0.01, respectively). High NLR was an independent unfavor-
able prognostic factor in multivariate analysis. The patient
outcome was stratified more clearly by NLR calculated after
HAIC added to calculations before HAIC. Serum platelet-
derived growth factor-BB level was positively correlated with
NLR.

Conclusion: Results suggest that NLR is a useful predictor in
patients with advanced HCC treated with HAIC. These findings
may be useful in determining treatment strategies or in
designing clinical chemotherapy trials in future.

Key words: hepatic arterial infusion chemotherapy,
hepatocellular carcinoma, neutrophil lymphocyte ratio,
predictive factor, prognostic factor

INTRODUCTION

EPATOCELLULAR CARCINOMA (HCC) is the

third leading cause of cancer death and remains a
worldwide health concern because the incidence of
HCC continues to increase globally.! A variety of new
techniques of imaging modalities have enabled the
detection of HCC at early stages, and advances of
various therapeutic procedures have improved the cur-
ability of patients with HCC.? Despite those recent
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advances in diagnostic and therapeutic technologies, the
prognosis of patients with HCC remains poor due to
impaired liver function and frequent recurrence of
HCC?

Although sorafenib has been established as the
standard of care for advanced HCC,* its efficacy and
tolerability are limited.®> As an alternative therapy to
sorafenib, hepatic arterial infusion chemotherapy
(HAIC) has been conducted in Asia, including Japan,
and it has been reported as a promising treatment pro-
cedure.*” However, application of HAIC and its predic-
tive and prognostic markers have not been fully
established.

Inflammation plays a critical role in the development
and progression of various cancers.® Inflammation
caused by extrinsic factors including a variety of
infectious agents and environmental toxins, as well as
intrinsic factors including active oncogenes, reactive
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oxygen species and necrosis existing in the cancer
tissues, promote various processes of cancer initiation
and progression, such as mutation, proliferation,
immortalization, invasiveness, angiogenesis, epithelial—-
mesenchymal transition and immunosuppression.”
Additionally, the release of inflammation-related sub-
stances is closely related to symptoms such as loss of
bodyweight, fatigue and appetite loss among cancer
patients. Therefore, inflammation-induced cancer pro-
gression and cachectic patient status affect quality of
life and patient outcomes.'” The inflammation-related
markers such as absolute white blood cell count,
C-reactive protein (CRP), neutrophil to lymphocyte
ratio (NLR), platelet to lymphocyte ratio and cytokines
have been suggested to be associated with outcomes of
patients with various malignancies” including at an
early or intermediate disease stage of HCC.'*'¢
However, whether these markers can serve as
biomarkers of treatment efficacies and patient outcome
in more advanced stages of HCC remains unclear.

The objectives of the present study were to investigate
the correlation between NLR and patient characteristics
in advanced HCC patients. We also analyzed the impact
of NLR on the treatment efficacies as well as the
outcome of patients with advanced HCC treated with
HAIC. Moreover, to assess inflammatory molecules
associated with NLR, serum level of cytokines and
growth factors were measured. This approach provides
useful information in determining treatment strategies
for patients with advanced HCC.

METHODS

Patients

HE SUBJECTS IN this study were patients treated

with HAIC at the Kanazawa University Hospital
between March 2003 and December 2012 for advanced
HCC with wvascular invasion and/or intrahepatic
multiple lesions considered unsuitable for surgical
resection, locoregional therapy and transarterial
chemoembolization. All patients underwent dynamic
computed tomography (CT) or dynamic magnetic reso-
nance imaging (MRI) to diagnose HCC and assess the
extent of cancer. Additionally, HCC was diagnosed
according to the guidelines of the American Association
for the Study of Liver Disease.'” Patients with extrahe-
patic lesions were also considered eligible for HAIC if
their extrahepatic lesions were mild; intrahepatic lesions
were considered to be prognostic factors. Other inclu-
sion criteria were Eastern Cooperative Oncology Group
performance status (ECOG PS) of 2 or less, appropriate

© 2014 The Japan Society of Hepatology
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major organ functions, including bone marrow, kidney,
cardiac functions and hepatic function (Child-Pugh A
or B), and no clinical symptoms or signs of sepsis.

HAIC

The technique for implantation of the reservoir system
has been thoroughly described elsewhere.’® Catheters
were induced through the right femoral artery and angi-
ography from the celiac artery was first performed to
localize the HCC and evaluate the intrahepatic and
extrahepatic vascularization. Then, we inserted a cath-
eter with a side opening into the gastroduodenal artery,
positioning the side opening in the common hepatic
artery by an image-guided procedure. The gastroduode-
nal artery, right gastric artery and other arteries that were
suspected to nourish the gastroduodenal region were
embolized as much as possible to prevent the gastroin-
testinal mucositis. The other end of the catheter was
connected to the injection port subcutaneously
implanted in the right lower abdomen. Finally, we con-
firmed blood flow redistribution.

Hepatic arterial infusion chemotherapy was con-
ducted approximately 5 days after the reservoir was
implanted. The treatment protocol was as follows: all
patients received 5-fluorouracil (FU) (330 mg/m? per
day) administrated continuously for 24 h from day 1 to
day 5 and day 8 to day 12, and either interferon (IFN)-
0-2b or pegylated (PEG) IFN-0-2b used at the treating
physician’s discretion. PEG I[FN-o-2b (1.0 ug/kg) was
administrated s.c. ondays 1, 8, 15 and 22, and IFN-0-2b
(3 x 10° U) was administrated i.m. thrice weekly. Some
patients underwent cisplatin administration (20 mg/m?
per day) into the hepatic artery for 10 min prior to 5-FU.
A treatment cycle consisted of 28 days of drug adminis-
tration, followed by a 14-day rest period. The treatment
was repeated until tumor progression or unacceptable
toxicity was observed, or until the patient refused the
treatment. The treatment protocol was approved by
the ethics Committee of Kanazawa University, and
informed consent for participation in the study was
obtained from each subject and conformed to the guide-
lines of the 1975 Declaration of Helsinki.

Data collection

We reviewed the medical records of the patients, and
collected demographic, clinical and laboratory data,
including patient age, sex, ECOG PS, history of viral
infection, hepatic reserve (Child-Pugh score), imaging
data (vascular invasion and extrahepatic lesion) and
tumor marker analyses. We collected laboratory data on
complete blood count and CRP. The NLR was calculated
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from the differential leukocyte count by dividing the
absolute neutrophil count by the absolute lymphocyte
count. We used the laboratory data obtained within 7
days prior to day 1 of treatment in this study. We also
collected NLR values at 4 weeks after the treatment
began to evaluate the impact of the NLR trend on
patient outcomes. Cytokine and chemokine profiling
was obtained as described below:'* after venous blood
was centrifuged at 1580 g for 10 min at 4°C, serum
fractions were obtained and stored at —20°C until used.
Serum levels of various cytokines and chemokines were
measured using the Bio-Plex Protein Array System (Bio-
Rad, Richmond, CA, USA) according to the manufactur-
er’s protocol. Briefly, frozen serum samples were thawed
at room temperature, diluted 1:4 in sample diluents,
and 50 pL aliquots of diluted sample were added in
duplicate to the wells of 96-well microtiter plates con-
taining the coated beads for a validated panel of human
cytokines and chemokines according to the manufactur-
er's instructions. The following 20 cytokines and
chemokines were targeted: epidermal growth factor
(EGF), basic fibroblast growth factor, hepatocyte growth
factor, IFN-y, interleukin (IL)-2, IL-4, tumor necrosis
factor-a (TNF-a), IL-6, I1-8, IL-10, IL-5, IFN y-induced
protein (IP)-10, monokine induced by IEN-y (MIG),
platelet-derived growth factor (PDGF)-BB, transforming
growth factor (TGF)-B, TGF-o, vascular endothelial
growth factor (VEGF), stem cell factor, IL-12 and
stromal cell-derived factor 1. Nine standards (range,
0.5-32 000 pg/mL) were used to generate calibration
curves for each cytokine. Data acquisition and analysis
were performed using Bio-Plex Manager software
version 4.1.1 (Bio-Rad).

Evaluation of antitumor effect

The efficacy of HAIC was assessed every 4-6 weeks by
dynamic CT or dynamic MRI during the treatment
period. The response to chemotherapy was assessed by
treating physicians according to the Response Evalua-
tion Criteria in Solid Tumors version 1.1.*° An objective
response rate was defined as the sum of complete
response rate and partial response rate.

Statistical analysis

We compared patient backgrounds according to NLR
and patient demographics using the y-test for categori-
cal variables when appropriate. Student’s t-test and
Mann-Whitney U-test were used for continuous vari-
ables. We set the cut-off level of continuous variables as
the median value among all patients in this study. We
divided the patients into two groups according to NLR

NIR in advanced HCC treated with HAIC 3

before and after treatment, respectively, and compared
the response to HAIC and patient outcome between
groups. The y>-test was also used to evaluate the relation
between NLR and the response to HAIC in univariate
analysis. Logistic regression analysis was used for mul-
tivariate analysis. Progression-free survival (PFS) was
calculated from the first day of HAIC until the date of
radiological progression, death or the last day of the
follow-up period. Overall survival (OS) was calculated
from the first day of HAIC until the date of death or the
last day of the follow-up period. To compare PFS and
OS between groups, the cumulative survival proportions
were calculated using the Kaplan-Meier method, and
any differences were evaluated using the log-rank test.
Only variables that achieved statistical significance in
the univariate analysis were subsequently evaluated in
the multivariate analysis using Cox's proportional
hazards regression model. Linear regression was used to
explore the relationship between cytokine or chemokine
profiling and NLR. A P-value of less than 0.05 was con-
sidered statistically significant. All statistical analyses
were performed using the SPSS statistical software
program package (SPSS, Chicago, IL, USA).

RESULTS

Patients characteristics stratified by NLR

E RETROSPECTIVELY LISTED 267 consecutive

patients who met the above-described criteria and
reviewed their medical records. The information regard-
ing the differential leukocyte count could not be
obtained in one patient, and then the remaining 266
patients were analyzed. One hundred and thirty-three
(50.0%) of 266 patients had NLR higher than 2.87, the
median value among all patients before treatment.
Patient demographic characteristics are summarized in
Table 1. Patients with high NLR had a significantly
worse performance status than those with low NLR
(P=0.020). With regard to tumor status, vascular
invasion and extrahepatic dissemination were
observed more often in the patients with high NLR
(57.1% and 27.8%, respectively) than in those with
low NLR (39.8% and 18.0%, respectively), and des-y-
carboxyprothrombin (DCP) was higher in the group
with high NLR (median, 1286 mAU/mL) than in the
one with low NLR (median, 214 mAU/mL). Sorafenib
was administrated as prior treatment before HAIC in 25
patients (9.4%) and as subsequent therapy after HAIC
in 26 patients (9.8%). The proportion of the patients
receiving sorafenib before HAIC was similar between
the two groups, whereas the proportion of the patients

© 2014 The Japan Society of Hepatology
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Table 1 Clinical characteristic of the patients according to NLR

Hepatology Research 2014

All (n = 266) High NLR (n = 133) Low NLR (1 = 133) P

Age, years <0.01*
Mean + SD 66.3%£9.1 64.7+9.9 68.0+7.8

Sex, 11 (%) 0.30%*
Male 209 (78.6) 108 (81.2) 101 (75.9)

ECOG PS, n (%) 0.020**
0 220 (82.7) 103 (77.4) 117 (88.0)
1 41 (15.4) 25 (18.8) 16 (12.0)
2 5(1.9) 5(3.8) 0

Sorafenib before HAIC 0.83**
Present 25 (9.4) 12 (9.0) 13 (9.8)

Sorafenib after HAIC 0.013**
Present 26 (9.8) 19 (14.3) 7 (5.3)

HBs antigen, n (%) 0.27**
Positive 70 (26.3) 39 (29.3) 31(23.3)

HCV antibody, n (%) <0.01**
Positive 146 (54.9) 57 (42.9) 89 (66.9)

Child-Pugh score, n (%) 0.34**
5-6 134 (50.4) 61 (45.9) 73 (54.9)
7 55 (20.7) 30 (22.6) 25 (18.8)
8-9 77 (28.9) 42 (31.6) 35 (26.3)

Vascular invasion, n (%) <0.01**
Positive 129 (48.5) 76 (57.1) 53 (39.8)

Extrahepatic lesion, n (%) 0.058**
Positive 61 (22.9) 37 (27.8) 24 (18.0)

CRP, mg/dL <0.01*
Mean + SD 1,9£3.0 28+3.8 09+1.2

AFP, ng/mL 0.41*%**
Median, range 241.5, <10-1 637 200 312.5, <10-745 900 119.5, <10-1 637 200

DCP, mAU/mL <0.01***

Median, range 567, <10-1 208 000

1286, <10-1 208 000

214, <10-326 300

*Student’s t-test, **y>-test, ***Mann~Whitney U-test.

AFP, o-fetoprotein; CRP, C-reactive protein; DCP, des-y-carboxyprothrombin; ECOG PS, Eastern Cooperative Oncology Group
performance status; HBs antigen, hepatitis B surface antigen; HCV antibody, hepatitis C virus antibody; NLR, neutrophil to lymphocyte

ratio; SD, standard deviation.

receiving sorafenib after HAIC was higher in the group
with high NLR (14.3%) than in the one with low NLR
(5.3%) (P=10.013).

Treatment

The data collection cut-off was 20 April, 2014. The
median follow-up period was 11.4 months (range, 0.3-
127.6). At the time of the analysis, 212 patients (79.7%)
had died. A total of 715 courses were administrated to
266 patients, with a median number of two (range,
0-13). All but 18 patients including 12 patients (9.0%)
in the high NLR group and six (4.5%) in the low NLR
group completed at least one course of HAIC.

Of the 266 patients, IFN-o-2b and PEG IFN-o-2b was
used in 131 patients (49.2%) and 135 patients (50.8%),

© 2014 The Japan Society of Hepatology

respectively. The response to HAIC and the patient out-
comes were similar between the different IFN groups.
Cisplatin was administrated in 186 patients (69.9%).
Although response to HAIC had a tendency to be better
in patients in the cisplatin group than those of the
patients without cisplatin, there was no significant dif-
ferences of the treatment efficacies.

Response to HAIC and PFS stratified by
pretreatment NLR

Of the 266 patients, 15 patients could not receive radio-
logical assessment because of worsened general condi-
tion, hepatic failure or loss to follow up, and the
remaining 251 were assessable for response to treat-
ment. The tumor responses to HAIC are shown in
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Table 2 Tumor responses according to NLR

Response* All High NLR Low NLR
to HAIC (n=266) (n=133) (n=133)
CR 16 (6.0) 3 (2.3) 13 (9.8)
PR 62 (23.3) 25 (18.8) 37 (27.8)
SD 83 (31.2) 40 (30.1)  43(323)
PD 90 (33.8) 55 (41.4) 35 (26.3)
NE 15 (5.6) 10 (7.5) 5 (3.8)
Objective response 29.3% 21.1% 37.6%
rate
P<0.01**

*RECIST version 1.1, **y>-test.
Data are presented as n (%).

CR, complete response; HAIC, hepatic arterial infusion
chemotherapy; NE, not evaluated; NLR, neutrophil to

lymphocyte ratio; PD, progressive disease; PR, partial response;

SD, stable disease.

Table 3 Pretreatment factors affecting objective response

NLR in advanced HCC treated with HAIC 5

Table 2. The objective response rate was 37.6% in
patients with low NLR, which was significantly better
than that of the patients with high NLR (21.1%;
P <0.01). Multivariate logistic regression analysis
revealed that low NLR (hazard ratio [HR], 1.918;
P=0.024) as well as vascular invasion (HR, 1.874;
P=0.029) and extrahepatic lesion (HR, 2.723; P=
0.012) remained independently associated with the
response to HAIC (Table 3).

The median PFS of all patients was 4.5 months. The
PFS of patients with high NLR was shorter than that of
the patients with low NLR, and the median PES of the
patients with high NLR was 3.2 months, which was
significantly worse than that of the patients with low
NLR of 5.6 months (Fig. 1a). The following nine of the

n ORR Univariate Hazard ratio Multivariate
(%) p* (95% CI) pr*
NLR <2.87 133 37.6 <0.01 1.918 (1.092-3.369) 0.024
22.87 133 21.1
Age, years 267 136 31.6 0.40
<67 130 269
Sex Male 209 29.7 0.81
Female 57 28.1
ECOG PS 0 220 323 0.051
1 41 17.1
2 5 0
Prior treatment of Absence 241 29.5 0.88
sorafenib Presence 25 28.0
HBs antigen Positive 70 32.9 0.45
Negative 196 281
HCV antibody Positive 146 31.5 0.39
Negative 120 26.7
Child-Pugh score 5-6 134 35.8 0.054
7 55 25.5
8-9 77 20.8
Vascular invasion Absence 137 36.5 <0.01 1.874 (1.067-3.292) 0.029
Presence 129 217
Extrahepatic lesion Absence 205 33.7 <0.01 2.723 (1.250-5.932) 0.012
Presence 61 14.8
CRP, mg/dL <0.8 127 33.9 0.11
20.8 136 25.0
AFP, ng/mL <235.5 133 31.6 0.42
>235.5 133 27.1
DCP, mAU/mL <567 133 33.8 0.11
2567 133 24.8

*y2-Test, **logistic regression analysis.

AFP, o-fetoprotein; CI, confidence interval; CRP, C-reactive protein; DCP, des-y-carboxyprothrombin; ECOG PS, Eastern Cooperative
Oncology Group performance status; HBs antigen, hepatitis B surface antigen; HCV antibody, hepatitis C virus antibody; NLR,
neutrophil to lymphocyte ratio; ORR, objective response rate.

© 2014 The Japan Society of Hepatology



6 T. Terashima et al.

@ )00 -

g &0

<

3

2 60-

8 §

5 40 A

0w

3

5 204

L

o -
0 Y T L S T Y T T

0 24 48 72 96 120
Patients No. at risk Time after treatment (months)
HighNLR 133 8 3 2 2 1 1 1 0 0
LowNLR 133 23 6 3 1 0 0 0 0 0
(before HAIC)

© )00 -
80
60 -

40 +

Overall survival

20

o ———————"

0 ¥ T L) T T T T T ¥ T
0 24 48 72 96 120
Patients No. at risk Time after treatment (months)
HighNLR 133 42 20 13 8 5 3 3 2 1 0
LowNLR 133 77 48 23 11 6 4 4 2 0 O
(before HAIC)

Figure 1 Kaplan-Meier plot of progression-free survival (PEFS)
and overall survival (OS) since commencement of HAIC
according to neutrophil to lymphocyte ratio (NLR). (a)
Median PFS of the patients with high NLR was 3.2 months,
which was significantly worse than that of the patients with
low NLR, 5.6 months (P < 0.01). (b) Median OS of the patients
with high NLR was 8.0 months, which was significantly worse
than that of the patients with low NLR, 20.7 months
(P<0.01). —, High NLR; -, Low NLR.

12 pretreatment variables were significantly associated
with the PFS times in univariate analyses: ECOG PS
(P < 0.01), hepatitis B surface antigen (HBsAg; P < 0.01),
hepatitis C virus antibody (P=0.044), vascular inva-
sion (P<0.01), extrahepatic lesion (P<0.01), CRP
(P<0.01), o-fetoprotein (AFP) (P<0.01) and DCP
(P < 0.01) as well as NLR. Pretreatment high NLR was an
independent unfavorable factor for PES (HR, 1.363;
P=0.044) as well as ECOG PS 1 and 2 (HR compared
with ECOG PS, 1.585; P=0.019 and 3.301; P=0.025,
respectively), HBsAg positive (HR, 1.687; P<0.01),

© 2014 The Japan Society of Hepatology
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extrahepatic lesion (HR, 1.500; P=0.025) and AFP of
235.5 ng/mL or more (HR, 1.580; P<0.01) in Cox's
proportional hazards regression model (Table 4).

Patient outcome stratified by
pretreatment NLR

The median OS of all patients was 12.6 months. The OS
in the patients with high NLR was shorter than that of
the patients with low NLR (P < 0.01), and the median
OS in the patients with high NLR was 8.0 months,
which was significantly worse than that of the patients
with low NLR (20.7 months) (Fig. 1b). The following
eight of the 12 pretreatment variables were significantly
associated with the OS in univariate analyses: ECOG PS
(P < 0.01), Child-Pugh score (P < 0.01), vascular inva-
sion (P<0.01), extrahepatic lesion (P<0.01), CRP
(P<0.01), AFP (P < 0.01) and DCP (P < 0.01) as well as
NLR. Pretreatment high NLR was an independent unfa-
vorable factor for OS (HR, 1.492; P<0.01) as well as
ECOG PS 1 and 2 (HR compared with ECOG PS 0,
1.597; P=0.034 and 3.825; P=0.013, respectively),
Child-Pugh score 8 or 9 (HR compared with Child-
Pugh score 5 or 6, 1.454; P = 0.036), extrahepatic lesion
(HR, 1.677; P<0.01), CRP of 0.8 or more (HR, 1.406;
P=0.031) and AFP of 235.5 or more (HR, 1.702;
P<0.01) in Cox's proportional hazards regression
model (Table 5).

Patient outcome according to trend of NLR

We obtained the NLR value at 4 weeks after the start of
HAIC in 243 patients. Of the patients with high NLR
before HAIC (n = 120), NLR was low at 4 weeks after the
start of HAIC (High-Low) in 69 patients (57.5%). The
median PFS in the patients with High-Low was 4.9
months, which was significantly better than that of the
patients with high NLR at 4 weeks after the start of HAIC
(High-High), 2.0 months (P = 0.030). The median OS
in the patients with High-Low was 11.5 months, which
was significantly better than that of the patients with
High-High, 6.1 months (P < 0.01) (Fig. 2a). In contrast,
of the patients with low NLR before HAIC (n = 123),
NLR was high at 4 weeks after the start of HAIC (Low-
High) in 11 (8.9%) patients. The median PFS in the
patients with Low-High was 2.0 months, which was
significantly worse than that of the patients with low
NLR at 4 weeks after the start of HAIC (Low-Low), 6.0
months (P < 0.01). The median OS in the patients with
Low-High was 5.5 months, which was significantly
worse than that of the patients with Low-Low, 22.6
months (P < 0.01) (Fig. 2b).
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Table 4 Pretreatment factors affecting progression-free survival

NLR in advanced HCC treated with HAIC 7

n mPFS Univariate Hazard ratio Multivariate
(months) p* (95% CI) p**

NLR 22.87 133 3.2 <0.01 1.363 (1.008-1.843) 0.044
<2.87 133 5.6

Age, years <67 130 4.0 0.46
=67 136 5.2

Sex Male 209 4.5 0.31
Female 57 5.1

ECOG PS 2 5 0.9 <0.01 3.301 (1.165-9.355) 0.025
1 41 2.7 1.585 (1.079-2.330) 0.019
0 220 4.9

Prior treatment of Absence 241 4.5 0.95

sorafenib Presence 25 4.8

HBs antigen Positive 70 2.5 <0.01 1.687 (1.163-2.447) <0.01
Negative 196 5.5

HCV antibody Negative 120 3.1 0.044 0.841 (0.596-1.188) 0.33
Positive 146 55

Child-Pugh score 8-9 77 3.2 0.099
7 55 4.5
5-6 134 5.1

Vascular invasion Presence 129 2.7 <0.01 1.191 (0.876~1.619) 0.27
Absence 137 6.2

Extrahepatic lesion Presence 61 2.8 <0.01 1.500 (1.053-2.138) 0.025
Absence 205 5.5

CRP, mg/dL 20.8 136 2.8 <0.01 1.293 (0.952-1.758) 0.10
<0.8 127 6.2

AFP, ng/mL >235.5 133 2.8 <0.01 1.580 (1.162-2.148) <0.01
<235.5 133 6.2

DCP, mAU/mL 2567 133 3.2 <0.01 1.203 (0.873-1.659) 0.26
<567 133 5.6

*Log-rank test, **Cox’s proportional hazards regression model.

AFP, o-fetoprotein; CI, confidence interval; CRP, C-reactive protein; DCP, des-y-carboxyprothrombin; ECOG PS, Eastern Cooperative
Oncology Group performance status; HBs antigen, hepatitis B surface antigen; HCV antibody, hepatitis C virus antibody; mPFS, median

progression-free survival time; NLR, neutrophil to lymphocyte ratio.

Correlation between cytokine or chemokine
profiling and NLR

Data of cytokine and chemokine profiling were
obtained in 86 patients. We investigated the association
between the value of cytokine or chemokine and NLR to
analyze the mechanisms of NLR to cancer biology.
Results are shown in Table 6. Serum PDGF-BB concen-
tration had a significant positive correlation with NLR
(r=0.227; P=0.035) (Fig. S1). No other cytokine or
chemokine was correlated with NLR.

DISCUSSION

HE FIRST AIM of this study was to investigate the
correlation between NLR and patient characteristics
in advanced HCC. Some reports have suggested that

NLR is correlated with tumor biology in unselected
cohorts of patients with HCC.?' Our analysis also dem-
onstrated the corresponding results in patients with
HCC at an advanced stage. Moreover, it was newly clari-
fied that NLR had a strong relation with ECOG PS,
which was an important factor reflecting a variety
of complications of liver cirrthosis or tumor-related
symptoms.*

The most important insight of our study was that NLR
was correlated with the treatment efficacies presented as
response to HAIC or PFS as well as patient outcome
given that this is the largest cohort of patients with
advanced HCC treated with HAIC, to the best of our
knowledge. Our results should be interpreted with
caution because of the bias introduced by the differ-
ences of patient characteristics observed between the

© 2014 The Japan Society of Hepatology



8 T. Terashima et al.

Table 5 Pretreatment factors affecting overall survival

Hepatology Research 2014

n mOS Univariate Hazard ratio Multivariate
(months) P* (95% CI) pr*

NLR =2.87 133 8.0 <0.01 1.492 (1.106-2.012) <0.01
<2.87 133 20.7

Age, years <67 130 9.9 0.18
267 136 17.7

Sex Female 57 10.7 0.091
Male 209 13.6

ECOG PS 2 5 2.4 <0.01 3.825 (1.329-11.009) 0.013
1 41 7.3 1.597 (1.035-2.463) 0.034
0 220 14.5

Prior treatment of Presence 25 11.6 0.77

sorafenib Absence 241 13.1

HBs antigen Positive 70 8.4 0.095
Negative 196 154

HCV antibody Negative 120 10.7 0.096
Positive 146 16.6

Child-Pugh score 8-9 77 6.9 <0.01 1.454 (1.024-2.064) 0.036
7 55 13.7 0.942 (0.621-1.429) 0.78
5-6 134 16.6

Vascular invasion Presence 129 8.2 <0.01 1.138 (0.819-1.582) 0.44
Absence 137 19.6

Extrahepatic lesion Presence 61 6.5 <0.01 1.677 (1.144-2.458) <0.01
Absence 205 16.6

CRP, mg/dL 20.8 136 8.7 <0.01 1.406 (1.031-1.917) 0.031
<0.8 127 22.6

AFP, ng/mlL 2235.5 133 8.7 <0.01 1.702 (1.228-2.359) <0.01
<235.5 133 21.8

DCP, mAU/mL 2567 133 9.0 <0.01 1.123 (0.808-1.568) 0.49
<567 133 20.7

*Log-rank test, **Cox's proportional hazards regression model.

AFP, o-fetoprotein; CI, confidence interval; CRP, C-reactive protein; DCP, des-y-carboxyprothrombin; ECOG PS, Eastern Cooperative
Oncology Group performance status; HBs antigen, hepatitis B surface antigen; HCV antibody, hepatitis C virus antibody; mOS, median

overall survival time; NLR, neutrophil to Ilymphocyte ratio.

high NLR group and low NLR group. However, our
results suggested that NLR was a predictor of response to
HAIC in multivariate analysis independent of ECOG PS,
hepatic reserve and tumor-related factors in this study.
CRP was suggested as a prognostic marker for patients
with HCC treated with sorafenib;?* however, it remains
unclear whether such factors can predict antitumor
effects of sorafenib or the prognosis of patients with
advanced HCC. NLR may be a stronger predictor than
CRP of both of antitumor effects and prognosis of
patients with advanced HCC treated with HAIC. The
differential leukocyte count is an inexpensive and rou-
tinely measured marker in daily clinical practice and,
therefore, NLR is a simple and easily available marker
for the selection of suitable patients to undergo HAIC.

© 2014 The Japan Society of Hepatology

Another interesting point of the present study was
that the cumulative survival curve was stratified accord-
ing to trend of NLR before and after HAIC. The antitu-
mor effect was evaluated generally by radiological
findings and the trends of tumor markers, such as AFP or
DCP in HCC.* However, these modalities have disad-
vantages such as complications, cost of measurements
and lack of universality because the evaluation was
often difficult to interpret.*® Further, tumor markers
were not elevated in one-third of the patients with
HCC." Our findings suggested that NLR, a simple and
economical marker derived from routinely available
blood tests, was helpful in evaluating the efficacy of
HAIC or predicting the outcomes of the patients with
advanced HCC by following its trend.
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Figure 2 Kaplan-Meier plot of overall survival (OS) since
commencement of hepatic arterial infusion chemotherapy
(HAIC) according to neutrophil to lymphocyte ratio (NLR) at
4 weeks after the start of treatment. (a) Among the patients
with high NLR before HAIC, median OS of the patients whose
NLR was reduced (High-Low) was 11.5 months, which was
significantly better than that of the patients with remaining
high NLR (High-High), 6.1 months (P < 0.01). (b) Among the
patients with low NLR before HAIC, median OS of the patients
whose NLR was elevated (Low-High) was 5.5 months, which
was significantly worse than that of the patients with remain-
ing low NLR (Low-Low), 22.6 months (P < 0.01).

Finally, our findings indicated that PDGF-BB was a
candidate of mediators for NLR, reflecting tumor
biology and response to HAIC. It was reported that
activated neutrophils stimulate the growth and progres-
sion of the cancer cells by releasing growth factors such
as PDGF-BB.*¢ It has been shown that PDGF-BB also
promotes angiogenesis and subsequent vascular inva-
sion? and may reduce the sensitivity to cytotoxic agents
in HCC.?® Some reports stated that the serum level of

NLR in advanced HCC treated with HAIC 9

PDGF-BB correlated with the efficacy of treatments for
HCC,*?* and should be paid more attention when con-
sidering treatment of patients with HCC.

The present study has several limitations. For
instance, the study was retrospective in nature and it was
conducted at a single center. Therefore, further study is
needed to validate our findings.

In conclusion, high NLR was strongly correlated with
poor general condition and advanced tumor progres-
sion in patients with advanced HCC. NLR can act as a
predictive and prognostic factor for patients with
advanced HCC treated with HAIC. The trends of NLR
after treatment of HAIC strongly reflected the patient
outcomes in this study. Our findings can be useful in
determining treatment strategies or in designing future
clinical chemotherapy trials of advanced HCC.
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Table 6 Association between cytokine or chemokine and NLR

T P*
EGF 0.001 0.99
FGF 0.141 0.20
HGF 0.011 0.92
IEN-y 0.132 0.23
IL-2 0.103 0.35
[L-4 0.161 0.14
TNEF-a 0.124 0.26
[L-6 0.159 0.15
IL-8 -0.080 0.47
IL-10 0.121 0.27
IL-5 -0.035 0.75
IP10 -0.089 0.42
MIG -0.112 0.31
PDGE-BB 0.227 0.035
TGF-B 0.000 1.00
TGF-a -0.041 0.71
VEGF ~0.102 0.35
SCF -0.088 042
IL-12 0.040 0.71
SDF-1 -0.077 0.48

*Linear regression.

EGF, epidermal growth factor; FGF, fibroblast growth factor;
HGF, hepatocyte growth factor; IFN, interferon; IL, interleukin;
IP, interferon-y-induced protein, MIG, monokine induced by
interferon-y; PDGF, platelet-derived growth factor; SCF, stem cell
factor; SDF, stromal cell-derived factor; TGF, transforming
growth factor; TNF, tumor necrosis factor; VEGF, vascular
endothelial growth factor.

© 2014 The Japan Society of Hepatology



10 T. Terashima et al.

REFERENCES

1

10

11

12

13

14

15

Ferlay J, Shin HR, Bray F, Forman D, Mathers C,
Parkin DM. Estimates of worldwide burden of cancer in
2008: GLOBOCAN 2008. Int ] Cancer 2010; 127: 2893~
917.

Lee JM, Yoon JH, Kim KW. Diagnosis of hepatocellular
carcinoma: newer radiological tools. Semin Oncol 2012; 39:
399-409.

Takizawa D, Kakizaki S, Sohara N et al. Hepatocellular car-
cinoma with portal vein tumor thrombosis: clinical char-
acteristics, prognosis, and patient survival analysis. Dig Dis
Sci 2007; 52: 3290-5.

Llovet JM, Ricc S, Mazzaferro V etal. Sorafenib in
advanced hepatocellular carcinoma. N Engl ] Med 2008;
359: 378-90.

Kaneko S, Furuse ], Kudo M et al. Guideline on the use of
new anticancer drugs for the treatment of Hepatocellular
Carcioma 2010 update. Hepatol Res 2012; 42: 523-42.
Terashima T, Yamashita T, Arai K et al. Feasibility and effi-
cacy of hepatic arterial infusion chemotherapy for
advanced hepatocellular carcinoma after sorafenib. Hepatol
Research 2014; 44: 1179-85.

Song DS, Song MJ, Bae SH etal. A comparative study
between sorafenib and hepatic arterial infusion chemo-
therapy for advanced hepatocellular carcinoma with portal
vein tumor thrombosis. ] Gastroenterol 2014; [Epub ahead
of print]. doi: 10.1007/s00535-014-0978-3.

Mantovani A, Allavena P, Sica A, Balkwill F. Cancer-related
inflammation. Nature 2008; 454: 436-44.

Grivennikov SI, Greten FR, Karin M. Immunity, inflamma-
tion, and cancer. Cell 2010; 140: 883-99.

Chen L, Zhang Q, Chang W, Du Y, Zhang H, Gao G. Viral
and host inflammation-related factors that can predict the
prognosis of hepatocellular carcinoma. Eur ] Cancer 2012;
48: 1977-87.

Templeton AJ, McNamara MG, Seruga B et al. Prognostic
role of neutrophil-to-lymphocyte ratio in solid tumors: a
systematic review and meta-analysis. ] Natl Cancer Inst
2014; [Epub ahead of print]. doi: 10.1093/jnci/djul24.
Bertuzzo VR, Cescon M, Ravaioli M et al. Analysis of factors
affecting recurrence of hepatocellular carcinoma after liver
transplantation with a special focus on inflammation
markers. Tlansplantation. 2011; 91: 1279-85.

Chen TM, Lin CC, Huang PT, Wen CF. Neutrophil-to-
lymphocyte ration associated with mortality in early
hepatocellular carcinoma patients after radiofrequency
ablation. J Gastroenterol Hepatol 2012; 27: 553-61.
McNally ME, Martinez A, Khabiri H et al. Inflammatory
markers are associated with outcome in patients with
unresectable hepatocellular carcinoma undergoing trans-
arterial chemoembolization. Ann Surg Oncol 2013; 20:
923-8.

Motomura T, Shirabe K, Mano Y etal. neutrophil-
lymphocyte ratio reflects hepatocellular carcinoma recur-

© 2014 The Japan Society of Hepatology

16

<

17

18

19

20

21

22

23

24

25

26

27

28

Hepatology Research 2014

rence after liver transplantation via inflammatory
microenvironment. J Hepatol 2013; 58: 58-64.

Pinato DJ, Sharma R. An inflammation-based prognostic
index predicts survival advantage after transarterial
chemoembolization in hepatocellular carcinoma. Trans!
Res 2012; 160: 146-52.

Bruix J, Sherman M, Practice Guidelines Comumittee,
American Association for the Study of Liver Diseases. Man-
agement of hepatocellular carcinoma. Hepatology 2005; 42:
1208-36.

Yamashita T, Arai K, Sunagozaka H et al. Randomized,
phase II study comparing interferon combined with
hepatic arterial infusion of fluorouracil plus cisplatin and
fluorouracil alone in patients with advanced hepatocellular
carcinoma. Oncology 2011; 81: 281-90.

Arihara F, Mizukoshi E, Kitahara M etal. Increase of
CD14+HLA-DR-/low myeloid-derived suppressor cells in
hepatocellular carcinoma patients and its impact on prog-
nosis. Cancer Immunol Immunother 2013; 62: 1421-30.
Eisenhauer EA, Therasse P, Bogaerts ] et al. New response
evaluation criteria in solid tumours: revised RECIST guide-
line (version 1.1). Eur J Cancer 2009; 45: 228-47.

Pinato DJ, Stebbing J, Ishizuka M et al. A novel and vali-
dated prognostic index in hepatocellular carcinoma: the
inflammation based index (IBI). J Hepatol 2012; 57: 1013~
20.

Hsu CY, Lee YH, Hsia CY etal. Performance status in
patients with hepatocellular carcinoma: determinants,
prognostic impact, and ability to improve the Barcelona
Clinic Liver Cancer System. Hepatology 2013; 57:
112-19.

Morimoto M, Numata K, Moriya § et al. Inflammation-
based prognostic score for hepatocellular carcinoma
patients on sorafenib treatment. Anticancer Res 2012; 32:
619-23.

Lee MH, Kim SU, Kim do Y et al. Early on-treatment pre-
dictions of clinical outcome using alpha-fetoprotein and
des-gamma-carboxy prothrombin responses in patients
with advanced hepatocellular carcinoma. J Gastroenterol
Hepatol 2012; 27: 313-22.

Oxnard GR, Morris MJ, Hodi ES et al. When progressive
disease does not mean treatment failure: reconsidering the
criteria for progression. J Natl Cancer Inst 2012; 104: 1534~
41.

Wada Y, Yoshida K, Tsutani Y et al. Neutrophil elastase
induces cell proliferation and migration by the release of
TGF-alpha, PDGF and VEGF in esophageal cell lines. Oncol
Rep 2007; 17: 161-7. '

Miyahara K, Nouso K, Morimoto Y et al. Pro-angiogenic
cytokines for prediction of outcomes in patients with
advanced hepatocellular carcinoma. Br J Cancer 2013; 109:
2072-8.

Lau CK, Yang ZF, Ho DW et al. An Akt/Hypoxia-inducible
factor-lalpha/platelet-derived growth factor-BB autocrine
loop mediates hypoxia-induced chemoresistance in liver



