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Abstract

AIM

To investigate whether the preoperative neutrophil-to-
lymphocyte ratio (NLR) could predict the prognosis of
hepatocellular carcinoma (HCC) patients with portal/
hepatic vein tumor thrombosis (PVTT/HVTT) after
hepatectomy.

METHODS

The study population included 81 HCC patients who
underwent hepatectomy and were diagnosed with
PVTT/HVTT based on pathological examination. The
demographics, laboratory analyses, and histopathology
data were analyzed.

RESULTS

Overall survival (OS) and disease-free survival (DFS)
were determined in the patients with a high (> 2.9)
and low (< 2.9) NLR. The median OS and DFS duration
in the high NLR group were significantly shorter than
those in the low NLR group (OS: 6.2 mo vs 15.7 mo,
respectively, 7 = 0.007; DFS: 2.2 mo vs 3.7 mo,
respectively, 2 = 0.039). An NLR > 2.9 was identified
as an independent predictor of a poor prognosis of
OS (P = 0.034, HR = 1.866; 95%CI: 1.048-3.322) in
uni- and multivariate analyses. Moreover, there was a
significantly positive correlation between the NLR and
the Child-Pugh score (+ = 0.276, P = 0.015) and the
maximum diameter of the tumor (r = 0.435, P < 0.001).
Additionally, the NLR could enhance the prognostic
predictive power of the CLIP score for DFS in these
patients.

CONCLUSION

The preoperative NLR is a prognostic predictor after
hepatectomy for HCC patients with PVTT/HVTT. NLR >
2.9 indicates poorer OS and DFS.

Key words: Hepatocellular carcinoma; Portal/hepatic
vein tumor thrombosis; Neutrophil-to-lymphocyte ratio;
Prognosis

© The Author(s) 2017. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: The systemic inflammatory response
generated by tumors has been shown to cause the
upregulation of cytokines and inflammatory mediators,
leading to the promotion of angiogenesis and DNA
damage and the inhibition of apoptosis. The presence
of a systemic inflammatory response can be detected
by the elevation of the neutrophil-to-lymphocyte ratio
(NLR), which has been shown to be associated with
poorer prognosis in patients with various types of
malignant tumors. Our findings confirm that the NLR
can be used as a potential prognostic predictor for
hepatocellular carcinoma patients with portal/hepatic
vein tumor thrombosis after resection. The results
of the present study may help identify a new serum
marker for predicting the post-operation survival of
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these patients.
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INTRODUCTION

Hepatocellular carcinoma (HCC) is one of the most
common malignant tumors worldwide™. Portal/hepatic
vein tumor thrombosis (PVTT/HVTT) is a common
complication of HCC™™ and is widely accepted as a
sign of advanced stage. PVTT/HVTT frequently
leads to intrahepatic or distant metastasis with a poor
prognosis'™. The median survival of untreated HCC
with PVTT/HVTT has been reported to be 2.7 mo,
whereas the survival in those without PVTT/HVTT
has been reported to be 24.4 mo™*. A large body
of evidence has shown that surgery can improve the
survival of HCC patients with PVTT/HVTT®!, However,
the median survival duration varies from 9.0 to 26.0
mo"®, which is still unsatisfactory. The reasons for
this remain unclear and seem to be complex and
multifactorial.

The systemic inflammatory response generated
by tumors has been shown to cause the upregulation
of cytokines and inflammatory mediators, leading to
the promotion of angiogenesis, DNA damage, and
inhibition of apoptosis®*?, The presence of a syste-
mic inflammatory response can be detected by the
elevation of the neutrophil-to-lymphocyte ratio (NLR),
which has been shown to be associated with poorer
prognosis in patients with various types of malig-
nant tumors, including colorectal cancer, intrahepatic
cholangiocellular carcinoma, pancreatic ductal adeno-
carcinoma, gastric cancer, non-small cell lung cancer,
renal cell carcinoma, breast cancer, and soft tissue
sarcomal!’® %, Recently, an increasing number of
reports has shown that the NLR can be used as a
predictor of poor survival after curative hepatectomy,
radio-frequency ablation (RFA), transarterial chemo-
embolization (TACE), liver transplantation (LT), and
sorafenib therapy for HCC!**?°!, To date, however,
few studies have mentioned the role of the NLR in
predicting the prognosis of HCC patients with PVTT/
HVTT after hepatectomy.

The current study aimed to evaluate the relationship
between systemic inflammation, as represented by
the preoperative NLR, and long-term outcomes in
HCC patients with PVTT/HVTT after hepatectomy,
determining whether the NLR can be used as a predictor
of survival in these patients.
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MATERIALS AND METHODS

Patient selection and operative techniques

The present study population included 81 HCC patients
who underwent hepatectomy at the Department of
Hepatobiliary Surgery, Cancer Center of Sun Yat-Sen
University, Guangzhou, China and were diagnosed
with PVTT/HVTT via pathological examination between
January 2004 and July 2009. During this period, there
were 931 hepatocellular carcinoma patients who
underwent hepatic resection at our department.

The patients were excluded from the analysis if
they had extrahepatic disease, thrombus extending
to the level of the superior mesenteric vein, or any
antitumor treatments before operation.

The preoperative diagnosis and tumor evaluation
were made using ultrasonography, contrast-enhanced
magnetic resonance (MR), and/or tri-phase contrast-
enhanced helical computed tomography (CT). Liver
function was evaluated based on the Child-Pugh
classification system™” and/or the indocyanine green
(ICG) clearance test performed routinely before
operation. The neutrophil and lymphocyte counts were
routinely measured within three days before operation.
NLR was calculated by dividing the neutrophil measure-
ment by the lymphocyte measurement.

The selection criteria for the operative procedure
depended on the tumor location and extent, liver
function, and future liver remnant volume. Hepatec-
tomy was defined as major if three or more Couinaud
segments were resected and minor if fewer than three
segments were resected™!, The diagnosis of HCC
and PVTT/HVTT was confirmed by histopathological
examination of the resected specimens.

Postoperative care and follow-up

Operative mortality was defined as death within 30 d
after operation. Operative complication was defined as
any deviation from the normal course of recovery with
the need for any medical interventions.

All patients were followed up as a routine protocol
one month after operation by enhanced CT of the
chest and upper abdomen, serum a-fetoprotein
(AFP) examination, and serum examination of liver
function. Then, follow-up was carried out every 2-3 mo
with enhanced CT of the chest and upper abdomen
or combined CDUS and chest X-ray; and serum
examination for the first year. Thereafter, all patients
were followed up every 3-6 mo with CDUS, chest
X-ray, and serum tests. Abdominal enhanced CT,
abdominal enhanced MR, and/or contrast-enhanced
ultrasonography (CEUS) were performed when
intrahepatic recurrence was suspected, and thoracic
enhanced CT, whole-body bone scintigraphy, or/and
other relevant radiological examination was performed
when extrahepatic recurrence was suspected.

Patients with recurrence were treated with the
following therapies based on their liver function
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and pattern of recurrence as a routine practice:
hepatectomy, TACE, transarterial infusion (TAI), per-
cutaneous microwave tumor coagulation therapy,
radiofrequency ablation (RFA), systemic chemotherapy,
percutaneous ethanol injection therapy (PEI), sealed
source radiotherapy, sorafenib therapy, cytokine-
induced killer (CIK) cell therapy, and/or supportive care.

Statistical analysis

Comparisons between categorical variables were
performed using Pearson’s y° test or Fisher’s exact
test where appropriate. Continuous variables were
compared using Student’s t test (when values were
normally distributed) or the Mann-Whitney test (when
the values had a distribution that departed significantly
from normal). Survival analysis was performed using
the Kaplan-Meier method and comparison were made
using the log-rank test. Univariate and multivariate
analyses using Cox’s proportional hazard models
were performed to evaluate the prognostic factors.
The correlation between two variables was examined
by Pearson’s correlation analysis (when the variables
were normally distributed) or Spearman’s correlation
analysis (when the variables had a distribution that
departed significantly from normal). A value of P < 0.05
was considered statistically significant. All data were
analyzed using SPSS statistical software for Windows
(ver. 18.0; SPSS Inc., Chicago, IL, United States).

All continuous variable data were expressed as
mean + standard error (when the values were normally
distributed) or medians (range) (when the values had
a distribution that departed significantly from normal).
All data regarding categorical variables are shown as n
(proportion).

RESULTS

Correlation between NLR and postoperative survival

To determine whether an elevated NLR was correlated
with the postoperative survival of HCC patients with
PVTT/HVTT, we performed survival analysis, and
the results are shown in Table 1. Using NLR cut-offs
from 1 to 5 and comparing the 1-, 2-, 3-, and 5-year
overall survival (OS) rates, several NLRs were found
statistically correlated with the postoperative OS of
HCC patients with PVTT/HVTT. Among these, an NLR
of 2.9 was the most significant, with a * value of 7.227
and a P value of 0.007. We therefore utilized an NLR
cut-off of 2.9 as a risk factor of the poorer prognosis of
these patients.

Clinicopathological characteristics

The characteristics of the 81 HCC patients with PVTT/
HVTT are summarized in Table 2. Of the 81 patients,
51 had an NLR < 2.9 and 30 had an NLR > 2.9. Most
of the characteristics of the two groups were similar.
Patients in the high-NLR group had significantly higher
preoperative HBV DNA (P = 0.025), serum AFP level
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Table 1 Correlation between each neutrophil-to-lymphocyte ratio cut-off and overall survival of hepatocellular carcinoma patients

with portal/hepatic vein tumor thrombosis using the Kaplan-Meier method

Cut-of f Group Cases 1-yr OS 2-yr OS 3-yr OS 5-yr OS 7 P value
value
1.0 NLR<1ovs>1 50vs76 80.0% vs 46.9% 40.0% vs 27.7% 40.0% vs 19.0% 0.0% vs 17.3% 0.272 0.602
1.5 NLR <15vs>1.5 16 vs 65 80.0% vs 41.5% 46.7% vs 24.2% 26.7% vs 19.8% 6.7% vs 19.8% 1.575 0.210
2.0 NLR <20vs>2 28 vs 53 72.3% vs 37.3% 44.2% vs 20.7% 28.1% vs 17.8% 16.1% vs 17.8% 3.657 0.056
25 NLR < 250vs>25 39 vs 42 64.5% vs 35.1% 39.2% vs 18.9% 25.2% vs 18.9% 16.8% vs 18.9% 3.935 0.047
2.6 NLR <2.60vs>2.6 42 vs 39 62.1% vs 35.4% 38.5% vs 17.7% 24.7% vs 17.7% 16.5% vs 17.7% 3.987 0.046
27 NLR <2.70vs>27 44 vs 37 59.1% vs 37.3% 36.6% vs 18.7% 23.6% vs 18.7% 15.7% vs 18.7% 2.254 0.133
2.8 NLR <28wvs>28 49 vs 32 60.2% vs 32.7% 39.1% vs 13.1% 26.1% vs 13.1% 18.3% vs 13.1% 6.007 0.014
29 NLR <290vs>29 51 vs 30 59.8% vs 31.5% 39.5% vs 10.5% 26.3% vs 10.5% 18.4% vs 10.5% 7.227 0.007
3.0 NLR<3vs>3 53 vs 28 59.8% vs 32.1% 38.8% vs 10.7% 25.9% vs 10.7% 18.1% vs 10.7% 6.158 0.013
815 NLR <35vs>35 62 vs 19 56.7% vs 26.3% 34.4% vs 10.5% 23.7% vs 10.5% 17.2% vs 10.5% 2.843 0.092
4.0 NLR <4vs>4 66 vs 15 56.2% vs 20.0% 33.8% vs 6.7% 23.9% vs 6.7% 17.9% vs 6.7% 5.284 0.022
45 NLR <450vs>45 72vs9 51.1% vs 33.3% 30.7% vs 11.1% 21.7% vs 11.1% 16.3% vs 11.1% 1.724 0.189
5.0 NLR <50vs>5 75 vs 6 50.3% vs 33.3% 29.4% vs 16.7% 20.7% vs 16.7% 15.6% vs 16.7% 0.527 0.468
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Figure 1 Overall survival of patients in the two groups. The median overall
survival duration in the high neutrophil-to-lymphocyte ratio (NLR) group was
significantly shorter thaan that in the low NLR group (6.2 mo vs 15.7 mo,
respectively, P = 0.007).

(P = 0.038), and maximum diameter of tumor (P =
0.003), worse Child-Pugh score (P = 0.017), longer
operative time (P = 0.011), and shorter surgical
margin (P = 0.002).

Recurrence patterns and treatments

The patterns of recurrence and postoperative treat-
ments in the patients of the two groups are shown in
Table 3. The recurrence patterns were not significantly
different between the two groups.

Survival analysis

As shown in Figures 1 and 2, when we compared the
survival outcomes in the two groups, we found that
the 1-, 2-, 3-, and 5-year OS rates were significantly
lower in the high (31.5%, 10.5%, 10.5%, and 10.5%,
respectively) than in the low (59.8%, 39.5%, 26.3%,
and 18.4%, respectively) NLR group (P = 0.007).
Similarly, we found that the 1-, 2-, 3-, and 5-year
disease-free survival (DFS) rates were significantly
lower in the high (9.4%, 4.7%, 4.7%, and 4.7%,
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Figure 2 Disease-free survival of patients in the two groups. The median
disease-free survival duration in the high neutrophil-to-lymphocyte ratio (NLR)
group was significantly shorter than that in the low NLR group (2.2 mo vs 3.7
mo, respectively, P = 0.039).

respectively) than in the low (29.1%, 21.1%, 12.1%,
and 9.1%, respectively) NLR group (P = 0.039).

Prognostic factors for the overall survival of HCC
patients with PVTT/HVTT

Univariate and multivariate analyses of the factors
affecting OS are shown in Table 4. An NLR > 2.9, AFP
= 400 ng/mL, multiple tumors, bilobular disease, and
surgical margin < 1 cm found to be significant on
univariate analysis were then included in multivariate
regression analysis, and the results revealed that an
NLR > 2.9 [P = 0.034, a hazard ratio (HR): 1.866;
95%CI: 1.048-3.322], AFP = 400 ng/mL (P = 0.042,
HR = 1.863; 95%CI: 1.024-3.392), and bilobular
disease (P = 0.019, HR = 3.292; 95%CI: 1.215-8.918)
were independent predictors of the poorer prognosis of
0S.

Prognostic factors for the disease-free survival of HCC
with portal/hepatic vein tumor thrombosis
Similarly, univariate and multivariate analyses of the
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Table 2 Clinicopathological characteristics of the 81 hepatocellular carcinoma patients with portal/hepatic vein tumor thrombosis,

n (%)

NLR < 2.9 (n = 51) NLR > 2.9 (n = 30) P value
Age in years 48.49 +1.52 48.47 +2.28 0.993
Gender 0.292
Male 48 (94.1) 30 (100.0)
Female 3(5.9) 0 (0.0)
HBsAg status 0.281
Negative 3(5.9) 0 (0.0)
Positive 45 (88.2) 30 (100.0)
Unknown 3(5.9) 0(0.0)
Preoperative HBV DNA 0.025
<1x10° 19 (37.3) 4(13.3)
=1x10 23 (45.1) 19 (63.3)
Unknown 9 (17.6) 7(23.3)
Preoperative AFP level 0.038
<400 ng/mL 19 (37.3) 5 (16.7)
= 400 ng/mL 30 (58.8) 25 (83.3)
Unknown 2(3.9) 0 (0.0)
Preoperative ALT level (U/L) 41 (10-713) 42.5 (21-146.5) 0.697
Preoperative Hgb level (g/L) 147.79 £2.43 148.52 +4.37 0.884
Preoperative PLT level (10°/L) 185.84 +12.73 201.97 +13.97 0.417
Preoperative Child-Pugh score 0.017
Child A (5) 21 (41.2) 7 (23.3)
Child A (6) 22 (43.1) 14 (46.7)
Child B (7) 4(7.8) 5 (16.7)
Child B (8) 1(2.0) 2(6.7)
Child B (9) 0(0.0) 1(3.3)
Unknown 3(5.9) 1(3.3)
Preoperative ICGR15 (%) 6.42+0.79 537 +£0.94 0.404
Number of tumors 0.474
Solitary 28 (54.9) 14 (46.7)
Multiple 23 (45.1) 16 (53.3)
Maximum diameter of tumor (cm) 8.93 +0.58 11.88 £ 0.80 0.003
Uni/bilobular disease 0.414
Unilobular disease 48 (94.1) 26 (86.7)
Bilobular disease 3(5.9) 4 (13.3)
Adjacent organ invasion 0.722
Negative 32 (62.7) 20 (66.7)
Positive 19 (37.3) 10 (33.3)
Operative procedure 0.215
Minor 45 (88.2) 23 (76.7)
Major 6 (11.8) 7 (23.3)
Total occlusion time of the hepatic inflow 17.89 +£1.58 18.18 £2.53 0.918
(min)
Total operative time (min) 168.43 +7.19 205.00 +13.77 0.011
Blood loss (mL) 579.41 £ 61.82 891.67 £171.61 0.095
Blood transfusion (mL) 0.061
No 33 (64.7) 13 (43.3)
Yes 18 (35.3) 17 (56.7)
Surgical margin 0.002
<lcm 33 (64.7) 25 (83.3)
>1cm 18 (35.3) 1(3.3)
Unknown 0(0.0) 4 (13.3)
Histological grade of tumor cells 0.958
I-1 19 (37.3) 11 (36.7)
m-1v 32 (62.7) 19 (63.3)
Postoperative complication 0.792
Negative 42 (82.4) 24 (80.0)
Positive 9 (17.6) 6 (20.0)
Postoperative hospital stay (d) 11 (8-28) 11.5 (8-83) 0.468

NLR: Neutrophil-to-lymphocyte ratio.

factors affecting DFS are shown in Table 5. NLR > 2.9, to be significant on univariate analysis and were then
AFP = 400 ng/mL, Hgb > 130 g/L, ICGR15 < 10%, included in multivariate regression analysis. However,
and intraoperative blood loss > 1000 mL were found none was identified as an independent predictor of the
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Table 3 Patterns of recurrence and postoperative treatments
in the patients of the two groups, 7 (%)

NLR < 2.9 NLR > 2.9 P value

Recurrence n=51 n =230 1.000
Negative 3(5.9) 1(3.3)
Positive 39 (76.5) 23 (76.7)
Unknown 9 (17.6) 6 (20)

Recurrence pattern n=E n=23 0.832
Intrahepatic only 26 (66.7) 15 (65.2)

Extrahepatic only 2(5.1) 2(8.7)
Both 11 (28.2) 6(26.1)

Treatments n=>51 n =230
TACE 23 15

Hepatectomy 2 0
PMCT 4 0
Systemic chemotherapy 3 2
RFA 5 0
PEI 2 0
CIK 0 2
TAI 1 1

Sorafenib 0 1
Radiotherapy 1 0
Sealed source radiotherapy 1 2
Traditional Chinese medicine 4 0
Supportive care only 21 12

Some patients accepted more than one type of treatment. NLR:
Neutrophil-to-lymphocyte ratio; TACE: Transarterial chemoembolization;
PMCT: Percutaneous microwave tumor coagulation therapy.

poorer prognosis of DFS.

Correlation between NLR and clinical factors

The relationship between the NLR and Child-Pugh
score, preoperative AFP level, preoperative HBV DNA
level, and maximum tumor diameter, which may
impact the prognosis of HCC patients, was evaluated.
There was a significantly positive correlation between
the NLR and Child-Pugh score (r = 0.276, P = 0.015).
Additionally, the NLR had a significantly positive
correlation with the maximum tumor diameter (r =
0.435, P < 0.001). NLR was not associated with the
preoperative AFP level and HBV DNA level (data not
shown).

NLR can enhance the prognostic predictive power of the
CLIP score for DFS in HCC patients with PVTT/HVTT
The Cancer of the Liver Italian Program (CLIP) score
was calculated as described previously® in 76 of the
81 cases (the score could not be calculated in 5 cases
due to missing data). The CLIP stages assigned in the
present study population ranged from 1 to 4 because
all of the cases enrolled in the current study population
had PVTT/HVTT. Survival analysis revealed significant
differences in DFS (;* = 7.870, P = 0.049) for each
group, as shown in Figure 3. However, the result was
opposite for OS (P = 0.055, data not shown).

We added the NLR to the CLIP score in accordance
with the following scheme: a low NLR (NLR < 2.9) was
given a score of 1, and a high NLR (NLR > 2.9) was
given a score of 2. Next, all of the cases were divided
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Disease free survival

Months after surgery

Figure 3 Disease-free survival of patients in the four groups according
to the Cancer of the Liver Italian Program score. The median disease-free
survival duration in each group was 7.9, 2.3, 1.5, and 2.3 mo, respectively (from
1104, P=0.039). CLIP: Cancer of the Liver Italian Program.

into 5 groups (from 2 to 6). Survival analysis revealed
significant differences in DFS (y* = 11.371, P = 0.023)
for the 5 groups, as shown in Figure 4. A larger »°
value and a smaller P value suggested the NLR could
enhance the prognostic predictive power of the CLIP
score for DFS in these patients. Similarly, based on the
results using CLIP score alone, there was no significant
difference in OS (P = 0.055, data not shown).

DISCUSSION

NLR, a simple, cheap, safe and effective marker
of inflammation, is easily calculated from routinely
available data. Many studies have shown that a higher
NLR is correlated with adverse survival outcomes in
patients with various tumors™™, NLR was first linked
to hepatic malignant tumors by Halazun et a/***,
They observed poor DFS and OS in patients with
colorectal liver metastasis and a higher preoperative
NLR, with the NLR being an independent predictor of
both recurrence and death®*!. Recently, increasing
reports have shown that NLR can be used as a
predictor of poor survival after various types of treat-
ments for HCC!'******], To expand these findings, we
assessed whether NLR can evaluate the prognosis
of HCC patients with PVTT/HVTT after hepatectomy.
Moreover, we investigated the best cut-off value for the
NLR in prediction of prognosis for these patients. We
also found that the NLR could enhance the predictive
power of the CLIP score for DFS in these patients. To
the best of our knowledge, this is the first study to
describe the important role of the NLR in prediction of
prognosis for HCC with PVTT/HVTT after hepatectomy.

We found that the OS of the patients whose
preoperative NLR > 2.9 was shorter than that of those
with NLR < 2.9. An NLR > 2.9 was also identified as
an independent predictor on multivariate analysis.
These results are consistent with those of previously

May 7, 2017 | Volume 23 | Issue 17 |



Li SH et a/. Prognostic predictor after hepatectomy

Table 4 Univariate and multivariate analyses of factors affecting overall survival

Variables Univariate analysis for OS Multivariate analysis for OS
HR 95%CI P value HR 95%Cl P value

NLR >2.9 1.969 1.190-3.259 0.008 1.866 1.048-3.322 0.034
Age < 50 yr 1.532 0.913-2.569 0.106

Female 2.035 0.625-6.623 0.238

HBsAg (+) 1.055 0.327-3.402 0.929

HBV-DNA >1 x 10’ 1.258 0.709-2.234 0.432

AFP = 400 ng/mL 2.026 1.163-3.527 0.013 1.863 1.024-3.392 0.042
ALT <40U/L 1.122 0.684-1.839 0.649

Hgb >130g/L 1.964 0.987-3.909 0.054

PLT >100 x 10°/L 1.168 0.467-2.916 0.740

Child A 1.090 0.564-2.106 0.798

ICGR15 < 10% 1.642 0.746-3.610 0.218

Multiple tumors 1.676 1.022-2.748 0.041 1.084 0.627-1.876 0.772
Maximum diameter of tumor > 5 cm 1.869 0.973-3.593 0.061

Bilobular disease 2.764 1.153-6.628 0.023 3.292 1.215-8.918 0.019
Adjacent organ invaded 1.268 0.756-2.127 0.369

Major hepatectomy 1.145 0.597-2.195 0.683

Pringle maneuver 1.937 0.950-3.952 0.069

Operation time > 180 min 1.352 0.819-2.233 0.238

Intraoperative blood loss > 1000 mL 1.721 0.957-3.096 0.070

Intraoperative blood transfusion 1.485 0.901-2.448 0.121

Surgical margin < 1 cm 1.868 1.024-3.408 0.042 1.195 0.596-2.394 0.616
Histologic grade II-IV 1.220 0.736-2.020 0.440

Postoperative complication 1.467 0.807-2.667 0.209

Postoperative hospital stay < 10 d 1.078 0.646-1.798 0.774

NLR: Neutrophil-to-lymphocyte ratio; OS: Overall survival; HBV: Hepatitis B virus; AFP: Alpha fetoprotein; ALT: Alanine aminotransferase; PLT: Platelet.
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Figure 4 Disease-free survival of patients in the four groups according
to the combined neutrophil-to-lymphocyte ratio with Cancer of the Liver
Italian Program score. The median disease-free survival duration in each
group was 7.9, 2.3, 2.7, 1.6, and 1.1 mo, respectively (from 2 to 6, P = 0.023).
CLIP: Cancer of the Liver Italian Program; NLR: Neutrophil-to-lymphocyte ratio.

published articles in HCC patients who had undergone
other treatments with various cut-offg?%2%2>27-29:353¢],
Moreover, preoperative AFP = 400 ng/mL and bilobular
disease were identified as independent predictors of OS
after operation in patients with HCC and PVTT/HVTT
on multivariate analysis. The former is consistent with
the results of previously published studies in a similar
subpopulation of HCC patients who had undergone
resection®®*”], while the latter was also recognized to
be an independent prognostic factor for unresectable
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patients?®®*,

In the present study, poor prognostic indicators
influencing DFS included an NLR > 2.9, AFP = 400
ng/mL, Hgb > 130 g/L, ICGR15 < 10%, and intra-
operative blood loss > 1000 mL. These patients
had poorer DFS on univariate analysis, although
none of these factors were identified as independent
predictors on multivariate analysis. In fact, no
factors were identified as independent predictors on
multivariate analysis. Moreover, the rate and pattern
of recurrence in the NLR > 2.9 group showed no
significant differences compared with those in the NLR
< 2.9 group. These results may suggest that tumor
recurrence in the remnant liver after surgery was
common and nearly inevitable in HCC patients with
PVTT/HVTT, which was a major cause of unsatisfac-
tory prognosis®**l, Therefore, adjuvant treatment
such as TACE and TAI could significantly improve
the prognosis of HCC patients with PVTT/HVTT %!,
However, this result did not mean that the NLR was
not associated with recurrence. Our results showed a
significant association between the elevated NLR and
tumor size. Previous studies have shown that tumor
size > 3 cm on imaging is an independent predictor
of microvascular invasion“?, Additionally, several
studies have indicated that preoperative elevated NLR
can reflect tumor burden, malignancy, invasion, and
metaStasiS[19,22-24,27,28,36].

The CLIP score consists of 4 variables, the Child-
Pugh score, tumor morphology, serum AFP level,
and portal vein invasion, which account for both liver
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Table 5 Univariate and multivariate analyses of factors affecting disease-free survival

Variables Univariate analysis for DFS Multivariate analysis for DFS
HR 95%Cl P value HR 95%CI P value

NLR >2.9 1.720 1.017-2.907 0.043 1.553 0.850-2.837 0.153
Age < 50 yr 1.424 0.842-2.409 0.188

Female 1.593 0.384-6.610 0.522

HBsAg (+) 1314 0.407-4.249 0.648

HBV-DNA >1 x 10° 1.426 0.772-2.634 0.257

AFP = 400 ng/mL 2.099 1.196-3.684 0.010 1.732 0.954-3.146 0.071
ALT <40U/L 1.272 0.771-2.098 0.346

Hgb >130g/L 2.629 1.266-5.460 0.010 2.051 0.940-4.476 0.071
PLT < 100 x 10°/L 1.147 0.413-3.186 0.793

Child B 1.254 0.631-2.492 0.518

ICGR15 < 10% 2.470 1.052-5.796 0.038 2.134 0.870-5.236 0.098
Multiple tumors 1.189 0.709-1.992 0.512

Maximum diameter of tumor > 5 cm 1.865 0.944-3.686 0.073

Bilobular disease 1.778 0.753-4.199 0.189

Adjacent organ not invaded 1.119 0.659-1.899 0.677

Major hepatectomy 1.253 0.635-2.474 0.516

Pringle maneuver 1.922 0.933-3.960 0.076

Operation time < 180 min 1.067 0.638-1.785 0.805

Intraoperative blood loss > 1000 mL 1.854 1.012-3.396 0.046 1.258 0.649-2.437 0.497
Intraoperative blood transfusion 1.655 0.972-2.817 0.064

Surgical margin < 1 cm 1.492 0.827-2.690 0.183

Histologic grade I-1I 1.083 0.648-1.808 0.761

Postoperative complication 1.173 0.608-2.264 0.634

Postoperative hospital stay > 10 d 1.041 0.616-1.759 0.882

NLR: Neutrophil-to-lymphocyte ratio; DFS: Disease-free survival, HBV: Hepatitis B virus; AFP: Alpha fetoprotein; ALT: Alanine aminotransferase; PLT:

Platelet.

function and tumor characteristics relevant to the
prognostic assessment for patients with HCCP*, It
was confirmed that the CLIP score could reveal a class
of HCC patients with an impressively more favorable
prognosis and another class with a relatively shorter
life expectancy in various population cohorts®**!, To
the best of our knowledge, the present study is the
first study confirming the prognostic predictive power
of the CLIP score for HCC with PVTT/HVTT that could
be enhanced by combining the NLR.

Inflammatory markers have long been linked with
malignancy. Virchow first observed leukocytes appearing
in neoplastic tissue in the mid 1800s!Y, Recently,
consistent lines of evidence have suggested that there
is a close relationship between the development of
cancer and inflammation. As an inflammatory marker,
NLR reflects an immune microenvironment that both
favors tumor vascular invasion and suppresses the host
immune surveillance™.

A high NLR means relatively fewer lymphocytes
and more neutrophil leucocytes, reflecting the impair-
ment of the host immune response to tumors and a
large reservoir of vascular endothelial growth factor
(VEGF)*¥122224341 " Circulating VEGF, whose primary
sources are recognized as neutrophil leukocytes, has
been established as a major contributor to tumor-
related angiogenesis'*!. Elevated VEGF expression
correlates with increased vascular density, higher rates
of vascular invasion, and an increased tendency for
seeding. Therefore, increased neutrophil leukocytes
are related to an increased risk of recurrence in HCC
patients!?***, Many studies have demonstrated that
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once the T-lymphocyte-mediated antitumor response
is impaired and the cytotoxic CD81 lymphocyte
subpopulation is dysfunctional, the lymphocytes may
diminish, possibly leading to impaired defense against
the tumor®*, Okano et al*' found that the extent
of lymphocytic infiltration between the metastatic
nodule and normal hepatic tissue may reflect host
defensive activity in the liver and is associated with
the outcome in patients who underwent hepatectomy
for liver metastases from colorectal cancer. Patients
with dense tumor-infiltrating lymphocytes (TILs) had
better outcomes than those with weak TILs after
operation. Our results showed that an elevated NLR
had significant associations with tumor size and liver
function. Taken together, it was confirmed that an
elevated NLR can indirectly reflect the tumor burden,
vascular invasion, a high risk of tumor recurrence, and
shorter survival after resection.

Tumor-associated macrophages (TAMs) have been
shown to have tumor-promoting effects, with a high
density of TAMs in tumors reported to be associated
with a poor prognosis. Some reports have indicated
that macrophage infiltration into HCC is related to the
aggressiveness of the tumor*, Maniecki et af*”! showed
that a high infiltration of TAMs in HCC was related
to a high NLR™®., TAMs express certain cytokines,
such as IL-6 and IL-8, within the tumor, and these
cytokines may promote systemic neutrophilia. Ubukata
et al*® demonstrated that a high NLR is significantly
correlated with a high level of Th2 cells, which can
polarize macrophages to TAMs through expressing
certain cytokines, such as IL-4 and IL-10. A high NLR
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is associated with high infiltration of TAMs and high
inflammatory cytokine production in the tumor. Some
studies have reported that TAMs are closely related
to proinflammatory cytokine IL-17". Peritumoral
IL-17 may enhance systematic neutrophil leukocytes
and play an important role in tumor progressiont*®>%,
Therefore, a similar mechanism may be one of the
reasons for the NLR elevation in HCC patients. Some
researchers have suggested that a high infiltration of
TAMs is a first and important step of NLR elevation™®.
However, further examination is necessary to elucidate
the mechanism.

The power of the present research was limited by its
retrospective nature, single-center data, and relatively
small sample size. More molecular experiments are
needed to clarify the detailed molecular mechanism
of the role that NLR plays in HCC with PVTT/HVTT. In
consideration of these limitations, we believe that cross-
validation in independent and larger patient cohorts,
possibly in a prospective setting, should be mandatory
before the NLR can be confidently incorporated as a
validated biomarker to guide treatment decisions.

Although only 81 cases were included in our study,
achieving this number of cases was difficult given
the rarity of HCC patients with PVTT/HVTT who are
suitable for hepatic surgery. We are the first to de-
monstrate that the NLR could predict the prognosis
of HCC patients with PVTT/HVTT after hepatectomy.
As described previously, the NLR may reflect the
complex interplay between inflammatory mediators
and angiogenic factors that are known to influence
the survival of HCC patients. Moreover, unlike other
complex molecular markers, the NLR is easy to
compute and is universally available because it is
derived from laboratory measures that are routinely
assessed before operation. NLR could be used as a
potential prognostic predictor for HCC patients with
PVTT/HVTT after hepatectomy.

COMMENTS

Background

Portal/hepatic vein tumor thrombosis (PVTT/HVTT) in hepatocellular carcinoma
(HCC) is a sign of advanced-stage disease and is associated with a poor
prognosis. This study investigated whether the preoperative neutrophil-to-
lymphocyte ratio (NLR) could predict the prognosis of these patients after
hepatectomy.

Research frontiers

PVTT/HVTT in HCC is a sign of advanced-stage disease and is associated with
a poor prognosis. Substantial evidence has recently shown that hepatectomy
can improve the survival of HCC patients with PVTT/HVTT, although the median
survival duration is still unsatisfactory. The reasons for this remain unclear and
seem to be complex and multifactorial.

Innovations and breakthroughs

The presence of a systemic inflammatory response can be detected by the
elevation of the NLR, which has been shown to be associated with a poorer
prognosis in patients with various types of malignant tumors. This study
confirmed that the NLR could be used as a potential prognostic predictor for
HCC patients with PVTT/HVTT after hepatectomy.
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Applications
The results of the present study may identify a new serum marker for predicting
the post-operative survival of these patients.

Peer-review
Although the power of the present research was limited by its retrospective
nature, single center data, and relatively small sample size, the paper is well
written and surely gives new ideas in the preoperative evaluation of such
complex patients.
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