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Blood Neutrophil-to-Lymphocyte Ratio Predicts
Tumor Recurrence in Patients with Hepatocellular
Carcinoma within Milan Criteria after Hepatectomy
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Purpose: The systemic inflammation biomarker, Neutrophil-to-Lymphocyte Ratio (NLR), has been reported as one of the adverse
prognostic factors for hepatocellular carcinoma (HCC) patient. The purpose of this study was to evaluate whether NLR could predict
the risk of recurrence and death for the HCC patient, according to Milan criteria after hepatectomy.

Materials and Methods: Retrospective analysis was performed on a database of HCC patients who underwent hepatectomy be-
tween March 2001 and December 2011. The cutoff value of NLR was decided by receiver operating characteristic (ROC) curve analy-
sis. Univariate and multivariate regression analyses were performed to identify predictive factors of recurrence and death.

Results: A total of 213 patients were included in the present study. The median follow-up period was 48 months. One hundred and
seven patients were experienced tumor recurrence; forty of them recurred within 12 months (early recurrence). NLR >1.505, albu-
min <3.75 g/dL, microvascular invasion and high grade of cirrhosis were found to be independent factors for adverse recurrence-free
survival in multivariate regression analysis. And NLR >1.945 was also found as a prognosis factor for early recurrence by univariate
regression analysis.

Conclusion: Elevated preoperative NLR can be easily obtained and reliable biomarker for assessing the tumor recurrence and early

recurrence of Milan criteria HCC after the initial hepatectomy.
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INTRODUCTION

Hepatocellular carcinoma (HCC) is the third common lead-
ing cancer in Korea.' And hepatectomy is considered to be the
gold standard treatment for the patients who preserved liver
function. Recently, many of HCC patients are diagnosed in the
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state of Child-Pugh grade A due to the advance in diagnosis
and the efficient and organized application of nationwide sur-
veillance program in Korea.>* Even the overall survival (OS) is
satisfied, nevertheless, the high incidence of tumor recurrence
remains a challenge.! And the OS was mainly influenced by
tumor recurrence. Minagawa, et al.* reported that the OS after
second hepatectomy was siginificantly poor in patients whose
cancer recurred within 12 months (early recurrence) after first
hepatectomy compared to those whose cancer recurred more
than 12 months (late recurrence) after initial operation. From
that point of view, disease-free survival is an important prog-
nostic factor for survival. The mechanism of high incidence of
recurrence for HCC patients and the risk factors leading to ear-
ly recurrence have not been clearly defined.

An increased evidence of relationship between systemic in-
flammation and tumor biology has been reported. Neutrophil-
to-Lymphocyte Ratio (NLR) was considered as a reliable pa-
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rameter for monitoring and evaluation of systemic inflamma-
tory response.’ And NLR is easily and repeatedly obtained from
peripheral blood. Up to date, NLR has been investigated for its
prognostic role in HCC after curative resection,®® transcatheter
arterial chemoembolization (TACE),’ radiofrequency ablation
(RFA)," liver transplantation (LT),"""* hepatic arterial infusion
chemotherapy,'* and sorafenib monotherapy.” Since the prog-
nostic value of NLR at Milan criteria level was not inclusive, we
assessed the impact of elevated NLR on the outcomes of HCC
patients, confirming to Milan criteria after initial hepatectomy
during a long follow-up period.

MATERIALS AND METHODS

Patients’ inclusion criteria and characteristics

Between March 2001 and December 2011, a total of 621 pa-
tients with HCC underwent hepatectomy at the Division of
Hepatobiliary Surgery and Liver Transplantation, Department
of Surgery, Ajou University School of Medicine, Suwon, Korea.
The inclusion and exclusion criteria were as follows: 1) Milan
criteria (based on radiological imaging): solitary tumor <5 cm
in diameter and up to three nodules <3 cm in diameter; with-
out any invasion into the major portal/hepatic vein branches

NLR Predicts HCC Recurrence after Hepatectomy

and no extrahepatic metastasis. 2) Primary treatment was sur-
gery resection. Patients with preoperative therapy, such as
TACE, RFA, second surgical resection or LT for recurrence
were excluded. 3) Patents who had clinical evidence of infec-
tion or white blood cell count more than >10x10°/L, immune
system disease, hematology disease, used hematology influ-
enced drugs within 1 month and patients with other cancer
were excluded from this study. Finally, two hundred and thir-
teen patients which consisted of 166 males and 47 females
with a median age of 53 years (range 20-79 years) were en-
rolled in this study. Serum hepatitis B surface antigen (HBsAg)
was positive in 162 cases, and anti-Hepatitis C viral antibody
in 15 cases.

Clinicopathologic characteristics of enrolled patients includ-
ing gender, age, etiology of cirrhosis, comorbidities [diabetes
mellitus (DM), hypertension], surgical procedure (anatomical
resection and non-anatomical resection), albumin, total bili-
rubin, aspartate aminotransferase (AST), alanine aminotrans-
ferase (ALT), indocyanine green retention rate at 15 min (ICG
R15), alpha-fetoprotein (AFP), tumor size, intrahepatic metas-
tasis, microvascular invasion, microscopic resection margin,
capsular invasion and tumor recurrence were collected and
detailed in Table 1. In our institute, the procedures of hepatec-
tomy were as follows: anatomical resection: right/left hemi-

Table 1. Comparison of Clinical and Pathological Characteristics with Normal and Elevated NLR

Variable Normal NLR (n=93) Elevated NLR (n=120) pvalue

Male sex 73(78.5%) 93(77.5%) 1.000
Age (yrs) 53.1£9.63 54.6+9.94 0.285
Etiology of cirrhosis

HBV 73 (78.5%) 89 (74.2%) 0.519

HCV 7(7.5%) 8(6.7%) 0.795

Other 13(14.0%) 23(19.1%) 0.499
Co-morbidities

Diabetes mellitus 12 (12.9%) 30 (25%) 0.037

Hypertension 19(20.4%) 35(29.2%) 0.156
Non anatomical resection 48 (51.6%) 49 (40.8%) 0.129
Albumin (g/L) 414041 41£0.39 0.336
T. bilirubin (mg/dL) 0.8+0.44 0.8+0.38 0.792
Platelet counts (><10%/mm3) 140.3£60.1 157.7£60.0 0.036
AST (U/L) 41.0+22.79 41.8+26.80 0.817
ALT (U/L) 42.0+25.82 46.0+37.32 0.374
ICG R15 (%) 15.6+8.66 14.8+8.68 0.528
AFP (ng/mL) 878.2+2745.91 655.0+:1986.00 0.492
Tumor size (cm) 2.9+1.11 3.2+£1.13 0.084
Intrahepatic metastasis 3(3.2%) 16 (13.3%) 0.014
Microvascular invasion 34.(36.6%) 54 (45%) 0.262
Microscopic resection margin 6(6.5%) 14 (11.7%) 0.240
Capsular invasion 14(15.1%) 18 (15%) 1.000
Tumor recurrence (n=107) 29(31.2%) 78 (65%) 0.000

ALT, alanine aminotransferase; AST, aspartate aminotransferase; AFP, alpha-fetoprotein; ICG R15, indocyanine green retention rate at 15 min; HBV, hepatitis B

virus; HCV, hepatitis C virus; NLR, Neutrophil-to-Lymphocyte Ratio.
Data are number (%) or mean+SD.
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hepatectomy or central bisectionectomy (31 cases, 14.6%), left
lateral sectionectomy, right anterior/posterior sectionectomy
(42 cases, 19.7%) and one segmentectomy (43 cases, 20.2%).
Non-anatomical resection: wedge resection (97 cases, 45.5%).
All data were retrospectively analyzed from the database of
our institute which was prospectively collected.

Follow-up strategy, recurrence and treatment pattern
The median follow up period was 48 months (range 1 to 156
months). And the clinical follow-up strategy followed a strict
and stable protocol. All patients in our institute were screened
monthly during the first 6 months after surgery for tumor
marker such as AFP and laboratory data such as complete blood
count (CBC), AST, ALT, albumin, total bilirubin. An enhanced
computed tomography scan was performed at 6-month inter-
vals. If recurrence was suspected, additional investigations
such as magnetic resonance imaging or positron emission to-
mography-computed tomography were performed.

The recurrent pattern was defined as early recurrence (re-
curred within 12 months after initial hepatectomy) and late re-
currence (recurred beyond 12 months after initial hepatectomy).

Five types of treatment were adopted to treat the tumor re-
currence after initial hepatectomy, such as re-resection, TACE,
RFA, salvage LT and conservative management. Finally, four-
teen patients with good future liver function were eligible for
repeat resection; twenty eight patients received RFA; forty two

TACE (n=21)

RFA (n=6)

SLT (n=4)
Conservative (n=9)

Early recurrence
(n=40)
Tumor recurrence

(n=107)
TACE (n=21)
RFA (n=22)
Late recurrence
(1=67) RR (n=14)
- SLT (n=6)

Conservative (n=4)

Fig. 1. Treatment methods for recurrence tumor after initial hepatecto-
my. RFA, radiofrequency ablation; RR, repear resection; SLT, salvage liv-
er transplantation; TACE, transcatheter arterial chemoembolization.
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patients received TACE; ten patients who with multi recurrence
tumor and/or stayed at end stage of liver cirrhosis disease re-
ceived salvage LT; and thirteen patients were received conser-
vative management. The treatment methods for recurrence
tumor are listed in Fig. 1.

To determined optimal cutoff of continuous variables
CBC and blood biochemical examination were carried out in
all patients within 4 days before operation. The NLR was cal-
culated from the differential ratios by dividing neutrophil to
lymphocyte ratio in CBC. In the present study an receiver op-
erating characteristic (ROC) curve indicated that the value of
1.505 was the best cutoff value of NLR for recurrence after hep-
atectomy. The area under the curve (AUC) was 0.643. The p val-
ue was 0.005 (Fig. 2A). The optimal cutoff values of albumin,
AST and tumor size for patients overall recurrence-free sur-
vival (RFS) after hepatectomy were 4.15 g/L (AUC=0.648, p=
0.000), 36.5 U/L (AUC=0.600, p=0.012), and 2.65 cm (AUC=
0.627, p:0.00l), respectively. In the 107 recurrence patients,
the value of 1.945 determined by ROC curve was the best cut-
off value of NLR for early recurrence; the AUC was 0.643, and
the p value was 0.005 (Fig. 2B).

The total patients were divided into two groups by optimal
cutoff value of NLR (1.505); normal NLR group and elevated
NLR group. There were no difference between the two groups
in the characteristics, such as gender, age, etiology of cirrhosis,
hypertension, non-anatomical resection, albumin, total bili-
rubin, AST, ALT, ICG R15, AFP, tumor size, microvascular in-
vasion and capsular invasion. As expected, elevated NLR group
had a more tumor recurrence patients, as indicated by more
patients with intrahepatic metastasis. More patients with DM
were found in the elevated NLR group (Table 1).

The recurrent patients were divided into two subgroups by
recurrence time: early recurrence group (recurred within 12
months) and late recurrence group (recurred beyond 12 mon-
ths). The OS was significantly different between the early and
late recurrence group (p=0.000). The early recurrence group
had relatively more patients with elevated NLR, intrahepatic

1.0 1.0
Sensitivity: 77.5% Sensitivity: 57.5%

0.8 1 Specificity: 48.6% 0.8 {1  Specificity: 70.1%
Z 06 | Z 06 -
= =
3 04 A Cutoff value: 1.505 3 04 Cutoff value: 1.945

AUC: 0.643 AUC: 0.641
02 p=0.005 02 4 p=0.015
0.0 i r T . T ‘ 0.0 T : r T T .
0.0 0.2 04 0.6 0.8 1.0 0.0 0.2 04 0.6 0.8 1.0

A 1-specificity B 1-specificity

Fig. 2. ROC curve to assess the optimal cutoff value of NLR for tumor recurrence (1.505) (A) and early recurrence (1.945) (B). AUC, area under the
curve; ROC, receiver operating characteristic; NLR, Neutrophil-to-Lymphocyte Ratio.
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metastasis, microvascular invasion, high grade of cirrhosis
(grade 4) and serum HBsAg-positive. On the contrary, the late
recurrence group had more patients with high level of AST
and significantly longer OS (Table 2).

Statistical analysis

Continuous variables were expressed as meanztstandard de-
viation and compared using Student t test. Categorical data
were presented as frequency and analyzed by using the Fisher
* test. Multivariate analysis was performed with Cox regres-
sion for significant variables on univariate analysis. The Ka-
plan-Meier method was used to analyses the OS and RFS, and
compared using the log-rank test. All statistical analyses were
performed with the statistical package for the social sciences
(SPSS) 19.0 (SPSS Inc., Chicago, IL, USA). Confidence intervals
(CI) were constructed at 95%, and p value <0.05 was consid-
ered statistically significant.

RESULTS

Survival outcomes

The 1, 3, and 5 year cumulative OS was 95.2%, 86.9%, and 81.3%,
respectively (Fig. 3A) whereas the 1, 3, and 5 year cumulative
RFS was 79.9%, 60.5%, and 50.1%, respectively (Fig. 3B). The
total patients were divided into two groups by optimal cutoff
value of NLR (1.505); normal NLR group (NLR <1.505) and el-
evated NLR group (NLR >1.505). The RFS time of elevated NLR

NLR Predicts HCC Recurrence after Hepatectomy

group was significantly shorter than that of the normal NLR
group (the log-rank test, p=0.010) (Fig. 3C). The 1, 3, and 5 year
of RFS in normal NLR group was 88.9%, 69.8%, and 57.0%, re-
spectively. In contrast, the 1, 3, and 5 year of RFS in elevated
NLR group was 74.0%, 53.5%, and 39.9%, respectively. However,
there was no difference in OS between the two groups (the log-
rank test, p=0.114) (Fig. 3D).

In this cohort study, there were 107 patients suffered from tu-
mor recurrence. The patients who experienced early recurrence
had a poor OS (the log-rank test, p=0.000) (Fig. 4). The 1, 3, and
5 year of cumulative OS for the early recurrence group was
78.9%, 46.4%, and 42.5%, respectively. In contrast, the 1, 3, and
5 year of OS for the late recurrence group was 98.5%, 97.0%, and
86.8%, respectively.

Prognostic factors of tumor recurrence in HCC
patients within Milan criteria

The prognosis factors for RFS and OS of HCC after surgical re-
section were examined based on the following clinicopatho-
logical variables: etiology of cirrhosis (hepatitis B virus, hepati-
tis C virus), co-morbidities (DM, hypertension), elevated NLR
(>1.505), low ablumin (<4.15 g/L), elevated AST (>36.5 U/L),
large tumor size (>2.95 cm), multiple tumor number, non-ana-
tomical resection, microvascular invasion, portal vein invasion,
intrahepatic metastasis, capsular invasion, high cirrhosis grade
(grade 3 and 4),"° and high grade of Edmondson-Steiner (ES;
grade 3 and 4)."” The variables of elevated NLR, low ablumin,
elevated AST, large tumor size, multiple tumor number, micro-

Table 2. Comparison of Clinical and Pathological Characteristics with Early and Late Recurrence

Variables Early recurrence (n=40) Late recurrence (n=67) pvalue
Male sex 32(80.0%) 40 (59.7%) 0.035
Age (yrs) 53.3%£7.58 54.9+9.82 0.352
NLR 2.1+1.10 1.7£0.83 0.032
Elevated NLR (1.945) 23 (57.5%) 20(29.9%) 0.008
Non anatomical resection 18 (45.0%) 33(49.3%) 0.694
Albumin (g/L) 41+0.34 4.0+0.40 0.204
T. bilirubin (mg/dL) 0.9+0.40 0.8+0.38 0.114
Platelet counts (x10%/mm?) 141.84£59.8 148.6+68.6 0.606
AST (U/L) 38.4+14.14 48.4+30.24 0.024
ALT (U/L) 42.6+18.11 52.4+4562 0.123
ICG R15 (%) 16.7+8.90 16.7£9.29 0.972
AFP 1053.8+2965.79 730.8+1637.89 0.469
Tumor size (cm) 3.3+1.17 3.3£1.13 0.962
Intrahepatic metastasis 9(22.5%) 4(6.0%) 0.016
Microvascular invasion 29(72.5%) 27 (40.3%) 0.001
Capsular invasion (positive) 6(15.0%) 10(14.9%) 1.000
Cirrhosis (grade 4) 33(82.5%) 43 (64.2%) 0.050
HBsAg (positive) 36(90.0%) 49 (73.1%) 0.048
Overall survival 27.7£19.68 75.9+39.61 0.000

ALT, alanine aminotransferase; AST, aspartate aminotransferase; AFP. alpha-fetoprotein; ICG R15, indocyanine green retention rate at 15 min; HBsAg, hepatitis B

surface antigen; NLR, Neutrophil-to-Lymphocyte Ratio.
Data are number (%) or mean=SD.
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Fig. 3. (A and B) Kaplan-Meier survival analysis the overall survival and recurrence free survival of the present study patients. (C and D) Kaplan-Meier
survival analysis patients with NLR >1.505 have a shorter recurrence free survival time, however, there were no difference on overall survival. NLR,

Neutrophil-Lymphocyte Ratio.

vascular invasion, portal vein invasion, intrahepatic metasta-
sis and high cirrhosis grade which were significant predictors
of RES analyzed by univariate regression analysis were con-
sidered in multivariate regression analysis. And the variables
of elevated NLR, microvascular invasion and cirrhosis grade
were significant predictors of RFS (Table 3). However, NLR
failed to predict OS time analyzed by univariate regression.

http://dx.doi.org/10.3349/ymj.2016.57.5.1115

Univariate regression analysis found that DM, low ablumin, el-
evated AST, multiple tumor number, microvascular invasion,
portal vein invasion and intrahepatic metastasis were signifi-
cant risk factors for OS. Unfortunately, no risk factor was found
by multivariate analysis of OS (Table 4).
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Fig. 4. Kaplan-Meier survival analysis shows that the patients who ex-
perience early recurrence have a significantly lower overall survival.
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Prognostic factors of early recurrence in HCC patients
within Milan criteria

The elevated NLR (1.945), combined with multiple tumor num-
ber, mircovascular invasion, portal vein invasion and intrahe-
patic metastasis were considered as risk factors for early re-
currence, when determined by univariate regression analysis.
On the other hand, however, microvascular invasion was the
only risk factor for early recurrence, when determined by mul-
tivatiate regression analysis (Table 5).

DISCUSSION

One and half century ago, the connection of inflammation and
malignancy was observed by Rudolf Virchow for the first time'®
in leucocytes in neoplastic tissues. An increased comprehen-
sion of the relationship between inflammation and cancer
was made by experimental and clinical research. Inflamma-
tion plays an important role in the development and progres-
sion of cancer, including initiation, promotion, malignant con-
version, invasion, and metastasis,”® and NLR was considered as
areliable parameter for monitoring and evaluation of system-
ic inflammatory response.’ Fortunately, NLR could repeatedly
and easily be obtained from peripheral blood without costly ex-
penditure. More recently, an increasing number of studies have
shown that elevated NLR has adverse prognosis on recur-
rence and OS for HCC patients after different treatment pro-

Table 3. Cox Proportional Hazards Model of Risk Factors for Recurrence Free Survival in 213 HCC Patients Confirming to Milan Criteria after Hepatectomy

e Univariate Multivariate
HR (95%Cl) pvalue HR (95%Cl) pvalue

Etiology of cirrhosis

HBV 1.336 (0.832—2.146) 0.231

HCV 0.783(0.362—1.694) 0.535
Co-morbidities

Diabetes mellitus 1.133(0.713-1.798) 0.597

Hypertension 1.179(0.764-1.820) 0.458
NLR (1.505) 1.667 (1.122-2.479) 0.011 1.596 (1.056-2.412) 0.027
Albumin (4.15 g/L) 1.737 (1.169-2.583) 0.006 1.530 (1.000-2.339) 0.050
AST (36.5 U/L) 1.552 (1.057-2.279) 0.025 0.131(0.876-1.959) 0.188
Tumor size (2.95 cm) 1.664 (1.124-2.643) 0.011 1.398 (0.905-2.158) 0.131
Tumor number (single/multiple) 2.328(1.117-4.632) 0.016 1.199 (0.400-3.592) 0.746
Surgical procedure (AR/NAR) 1.244.(0.849-1.832) 0.262
Microvascular invasion 2.159(1.427-3.167) 0.000 1.751(1.135-2.700) 0.011
Portal vein invasion 2.775 (1.474-5.225) 0.002 1.644 (0.836-3.236) 0.150
Intrahepatic metastasis 2.537 (1.413-4.557) 0.002 1.070 (0.404-2.835) 0.891
Cirrhosis grade (1, 2-3, 4) 3.185(1.646-6.162) 0.001 2.816 (1.437-5.520) 0.003
Capsular invasion (positive) 1.113(0.652-1.901) 0.697
ES grade (1, 2-3, 4) 1.331(0.882-2.010) 0.173

HCC, hepatocellular carcinoma; AR, anatomical resection; AST, aspartate aminotransferase; Cl, confidence intervals; ES, Edmondson-Steiner; HBV, hepatitis B
virus; HCV, hepatitis C virus; HR, hazard ratio; NAR, non anatomical resection; NLR, Neutropil-to-Lymphocyte Ratio.
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Table 4. Cox Proportional Hazards Model of Risk Factors for Overall Survival in 213 HCC Patients Confirming to Milan Criteria after Hepatectomy

p . iabl Univariate Multivariate
rognositic variables HR (95%CI) pualue HR (95%CI) pvalue

Etiology of cirrhosis

HBV 1.050 (0.498-2.214) 0.897

HCV 1.756 (0.684—4.511) 0.242
Co-morbidities

Diabetes mellitus 2.013(1.034-3.920) 0.040 1,562 (0.771-3.164) 0.215

Hypertension 1.434(0.724-2.841) 0.310
NLR (1.505) 1.678(0.875-3.217) 0.119
Albumin (4.15 g/L) 2.148(1.070-4.313) 0.032 1.744(0.847-3.592) 0.131
AST (36.5 U/L) 2.081(1.086-3.987) 0.027 1.819(0.915-3.616) 0.088
Tumor size (2.95 cm) 1.342 (0.712-2.530) 0.363
Tumor number (single/multiple) 7.932(3.676-17.11) 0.000 2.686 (0.858-8.405) 0.090
Surgical procedure (AR/NAR) 0.802 (0.420-1.529) 0.502
Microvascular invasion 2.303(1.228-4.319) 0.009 1.674 (0.809-3.462) 0.165
Portal vein invasion 2.992 (1.156—7.746) 0.024 1.663 (0.587—4.710) 0.339
Intrahepatic metastasis 6.600 (3.325-13.10) 0.000 2.227(0.733-6.679) 0.158
Cirrhosis grade (1, 2-3, 4) 2.496 (0.882—7.059) 0.085
Capsular invasion (positive) 1.774(0.806-3.904) 0.154
ES grade (1, 2-3, 4) 1.286 (0.652—2.537) 0.468

HCC, hepatocellular carcinoma; AR, anatomical resection; AST, aspartate aminotransferase; Cl, confidence intervals; ES, Edmondson-Steiner; HBV, hepatitis B
virus; HCV, hepatitis C virus; HR, hazard ratio; NAR, non anatomical resection; NLR, Neutropil-to-Lymphocyte Ratio.

Table 5. Cox Proportional Hazards Model of Risk Factors for Early Recurrence in 107 Recurrent Patients

Prognositic variables Univariate Multivariate
HR (95%Cl) pvalue HR (95%Cl) pvalue
Elevated NLR (1.945) 1.678(0.875-3.217) 0.004
Tumor number (single/multiple) 2.148 (1.070-4.313) 0.013
Microvascular invasion 2.081(1.086-3.987) 0.001 2.266 (1.072-4.789) 0.032
Portal vein invasion 1.342 (0.712—2.530) 0.011
Intrahepatic metastasis 7.932 (3.676-17.12) 0.011
Cirrhosis grade (1, 2-3, 4) 0.865 (0.439-1.705) 0.565
ES grade (1, 2-3, 4) 2.303 (1.228-4.319) 0.385

Cl, confidence intervals; ES, Edmondson-Steiner; HR, hazard ratio; NLR, Neutropil-to-Lymphocyte Ratio.

cedures, such as curative resection,’® TACE,? RFA and LT,'*'®
hepatic arterial infusion chemotherapy,'* and sorafenib mono-
therapy.” In the present study, we further demonstrated that
elevated NLR was a prognostic factor of tumor recurrence and
early recurrence for HCC patients who meet the Milan criteria
after surgical resection, and the optimal cutoff value was 1.505
and 1.945, respectively, calculated by ROC curve (1.505, AUC=
0.643, p=0.006; 1.945, AUC=0.641, p=0.015) (Fig. 2).

The underlying mechanism in the association of elevated
NLR and adverse outcomes of HCC patients is not clearly de-
fined: recent clinical and experimental researches shed some
new light onto their roles. Mano, et al.” demonstrated that accu-
mulation of tumor-associated macrophages (TAMs) in the HCC
lesion is associated with a high NLR after curative resection.
TAMs have been reported to be a major component of the tu-
mor inflammatory microenvironment and promote cancer ini-

http://dx.doi.org/10.3349/ymj.2016.57.5.1115

tiation and malignant progression.?” Human TAMs can express
various pro-angiogenic factors in tumors, including vascular
endothelial growth factor (VEGF)* and thymidine phosphor-
ylase.”? Peng, et al.” reported that the count of TAMs was close-
ly related to micro-vessel density in HCC, suggesting that TAMS
have a link with HCC angiogenesis and metastasis. The Inter-
leukin (IL)-6 and IL-8 cytokines which are expressed by TAMs
in tumors may promote systemic neutrophilia.***® Mano, et al.”
and Motomura, et al."* reported a correlation between elevated
NLR and upregulation of IL-17 production in peritumoral re-
gions of the liver. The proinflammatory cytokine IL-17 has
been demonstrated to foster tumor immune escape* and pro-
mote tumor growth in HCC.?® IL-17 could be indirectly upreg-
ulated by promoted expansion of IL-17-producing CD8+ T
cell by TAMs in HCC patients.” In summary, TAMs plays an
important role for tumor progression, and NLR could indirectly
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reflect in peripheral blood of TAMS through the cytokines such
asIL-6,IL-8, and IL-17.

In this cohort study, the median follow-up period was 48
months (range 1 to 156 months), and the cumulative 1, 3, and
5 year OS was 95.2%, 86.9%, and 81.4%, respectively (Fig. 3).
However, the RFS remains unsatisfactory. Total 107 patients
experienced tumor recurrence. The cumulative 1, 3, and 5 year
RFS was 86.1%, 68.7%, and 44.2%, respectively (Fig. 3). When
patients were divided into two groups by optimal cutoff value
of NLR (1.505), and the elevated NLR group was found to have
more tumor recurrence patients (p=0.000) and more patients
with intrahepatic metastasis (p=0.014). As expected the vari-
able of elevated NLR (1.505) together with microvascular in-
vasion, low albumin, and high grade of cirrhosis were found
to be significant predictors for RFS analyzed by multivariate
regression analysis (Table 3). Our present finding is consistent
with previous reports of Sumie, et al.** and Poon, et al.* that mi-
crovascular invasion and cirrhosis were independent risk fac-
tors for tumor recurrence.

Minagawa, et al.* reported that early recurrence patients
whose cancer recurred within 12 months after initial hepatecto-
my have a worse OS than late recurrence, it is believed that in-
trahepatic metastasis represents early recurrence and is associ-
ated with vascular invasion and subsequent intrahepatic venous
spread.* Similar outcome was also found in our present study.
In our experience of 40 early recurrence patient treatments, 90%
of (36/40) cases developed to multiple recurrence and the out-
come was unsatisfactory even when treated by salvage LT. The
OS of early recurrence patients was significantly worse than the
late recurrence (p=0.000). The NLR was found to be an indepen-
dent risk factor [hazard ratio (HR), 1.678, p=0.004] for early re-
currence in univariate regression analysis with 1.945 cutoff value
of NLR (Table 5). As mentioned above, elevated NLR showed a
strong relationship with tumor progression: underlying mecha-
nism might be that angiogenesis and metastasis of the tumor
cell in the tumor lesion are promoted by TAMs.

In our present study, more patients with DM were found in el-
evated NLR group. DM is considered to be a risk factor for OS by
univariate analysis but it failed by multivariate analysis. The rela-
tionship between systematic inflammatory and DM has been
proved by earlier studies® that systematic inflammation may in-
duce insulin resistance and decrease insulin secretion. However,
a question of whether DM is an adverse factor for HCC remains
controversial. Two resent studies** identified that DM is an in-
dependent factor for poor survival in HCC patients who under-
went curative therapy. On the contrary, however, Poon, et al.*®
reported that DM did not seem to influence either the risk of re-
currence or long term OS after resection of HCC.

In the present study, NLR failed to predict for prognosis for
OS of the HCC patients confirming to Milan criteria after sur-
gical resection. The potential reasons maybe that the inclu-
sion criterion of this study was Milan criteria and the patients
preserved liver function well. The primary good liver function
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would facility to choose an optimal treatment for tumor recur-
rence. Fig. 1 shows the types of treatment for tumor recurrence
patients. Fourteen patients received repeated resection and
the remaining patients who were not suitable for resection re-
ceived TACE, RFA, systemic chemotherapy, oral chemothera-
py, supportive treatment and/or salvage LT. The 1, 3, 5-year
OSs of repeated resection were 100%, 92.3%, and 92.3%, re-
spectively. However, the 1, 3, 5-year OS of the remaining pa-
tients were 91.2%, 78.1%, and 67.5%, respectively (p=0.022).
Therefore the repeated resection seems to significantly pro-
long the OS of HCC recurrent patients and 8 of 14 patients be-
longed to the elevated NLR group.

In conclusion, the inflammatory biomarker of preoperative
elevated NLR indirectly reflect vascular infiltration factors in
the tumor microenvironment, and preoperative elevated NLR
is useful in predicting tumor recurrence and early recurrence
after surgery resection in patients with HCC confirming to Mi-
lan criteria.
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