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Abstract: The neutrophil-to-lymphocyte ratio (NLR), a useful biomarker, reflects systemic inflammation
responses which are closely associated with the prognosis of various malignancies. Nevertheless, the
prognostic significance of NLR in patients with hepatocellular carcinoma (HCC) undergoing trans-arterial
chemoembolization (TACE) remains controversial. The study was designed to determine the prognostic
value of NLR in survival outcomes of HCC patients receiving TACE by systematical review of present
literature. Medline, Embase, Web of Science and Cochrane library databases were searched according to
a pre-specified inclusive strategy to identify studies concerning survival in HCC patients receiving TACE
with high or low pre- or post-TACE NLR. An electronic Excel table was used to extract epidemiological
information, clinical pathological characteristics as well as primary outcome data. Initially, 598 relevant
articles were selected, of which, 13 articles including 1,648 unresectable HCC patients undergoing TACE
were ultimately enrolled. Our review and meta-analysis demonstrated that a high pre-TACE NLR reflected
unfavorable overall survival (OS) [pooled hazard ratio (HR): 1.53, pooled 95% confidence interval (CI):
1.29-1.78, P<0.001], but had no significant prognostic relationship with progression free survival (PFS)
(P>0.05) and tumor response (P=0.088). A high post-TACE NLR was closely associated with metastasis (OR:
1.57,95% CI: 0.732-3.382, P=0.246), but not with time to progression (T'TP) (P=0.18) and tumor response
(P=0.229), and controversial role with OS (P value: 0.001 vs. 0.342). The NLR change trend between pre-
and post-TACE was not correlated with either tumor response to TACE (P=0.89) or hepatic progression
(P=0.55), whereas its prognostic role with OS was also controversial (P>0.05 or <0.05). As a convenient,
inexpensive and easily available inflammatory biomarker, NLR harbored its important value in prognostic
prediction in patients with unresectable HCC undergoing TACE. However, the association of the changing
trends of NLR and NLR at different stages with different prognostic endpoints in HCC patients undergoing
TACE was still in controversy, therefore further large-scale, prospective studies are needed to confirm these

findings.
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Introduction

Hepatocellular carcinoma (HCC) is the fifth most common
malignancies, and ranks the second of cancer-related
mortality globally (1,2), accounting for approximately
598,000 fatalities annually (3). It is the most rapidly
increasing cause of cancer mortality, especially in the
developing countries (4). Therapeutic options have been
standardized by several guidelines. Specifically, for early-
stage HCC, liver transplantation and liver resection
remain the first option for patients who have the optimal
profile, and radiofrequency ablation could be used in the
patients with small HCC [single tumor or three tumors
<3 c¢m each, Barcelona Clinic Liver Cancer (BCLC)
classification stage A] (5). However, due to no obvious
early symptoms, up to 60% to 70% of HCC patients are
diagnosed with intermediate- to advanced-stage at initial
visit (6), most of whom, have no choice to receive potential
curative treatment because of advanced tumor stage or
deteriorated liver function (7,8). As a result, these patients
harbor extremely poor prognosis, with overall survival (OS)
ranging from 6 to 20 months (6,9), and a 3-year survival
rate of 8-10% (10).

Trans-arterial chemoembolization (TACE) is the
favorable first-line therapy for intermediate-stage HCC (9)
and considered as the standard treatment for unresectable
advanced-stage HCC patients by certain international
guidelines (11). TACE has been indicated by a meta-analysis
to enhance the survival of patients with unresectable HCC,
and the beneficial role of TACE in enhancing survival has
also been validated by randomized controlled trials (RCTs)
9,10).

Nevertheless, from the clinical experience, not all
subjects with unresectable HCC could benefit from TACE.
Although the status of TACE in HCC therapy has been
demonstrated by consensus statements and international
guidelines (12-14), relevant guidelines are inconsistent
concerning the selection criteria for TACE, and it remains
largely undefined of the optimal number of TACE
administrations (15). In spite of certain identified prognostic
factors for HCC patients, including ascites, physical
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performance status (PS), tumor size, portal vein thrombosis,
extrahepatic spread, vascular invasion, serum o-fetoprotein
(AFP) level and various staging systems (10,16-19), these
traditional prognostic factors for HCC are limited. For
instance, AFP cannot be used to predict the prognosis
of HCC patients with normal AFP levels or those with
ICC, and other factors should be assessed by imagological
examination prior to treatment. In addition, the different
complex staging systems are restricted in routine clinical
practice. Furthermore, there is no validation of the above
factors in unresectable HCC, which results in ineffective
survival prediction of subjects with unresectable HCC
undergoing TACE. Therefore, it is urgent to explore other
predictors, especially serum ones, as criteria for selection
tools and for prediction of recurrence as well as survival of
HCC patients undergoing TACE.

It is now clear that inflammatory responses are critically
involved in multiple stages of tumor development, including
tumorigenesis, tumor progression, invasion as well as
metastasis (20,21). Malignant cells increase the inflammatory
process, which in turn accelerates cancer progression by
suppressing apoptosis, promoting angiogenesis as well as
DNA damage (22,23). Recent studies have actively probed
into the correlation between inflammation-based factors
and the prognosis of HCC. Neutrophil to lymphocyte ratio
(NLR), defined as the ratio of neutrophil to lymphocyte
count, is considered as a reliable indicator in evaluation
of systemic inflammatory variations. NLR reflects the
potential balance between neutrophil-associated pro-
tumor inflammation and lymphocyte-dependent anti-tumor
immune function (20,24-26). That is to say, an increased
NLR might stand for enhanced pro-tumor inflammation
and declined antitumor immune function.

In addition, the prognostic role of NLR in the post-
treatment recurrence and survival of HCC patients
undergoing TACE has been widely explored. Nevertheless,
the different study designs and sample sizes have yielded
to different outcomes. To this end, we conducted a
comprehensive review by searching accessible studies in
order to investigate the prognostic significance of NLR in
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HCC patients undergoing TACE.

Methods
Search strategy and study selection

We conducted an electronic search of Ovid Medline (1945
to present with daily update; in-process and other non-
indexed citations), EMBASE (from 1974 to February 6,
2018), Web of Knowledge including SCIE (Science Citation
Index Expanded), and the Cochrane library up to February
2018. Search terms used were as follows: ‘Liver Neoplasm’,
‘Hepatic Neoplasms’, ‘Hepatic Neoplasm’, ‘Cancer of
Liver’, ‘Hepatocellular Cancer’, ‘Hepatocellular Cancers’,
‘Hepatic Cancer’, ‘Hepatic Cancers’, ‘Liver Cancer’, ‘Liver
Cancers’, ‘Cancer of the Liver’, ‘neutrophil-to lymphocyte
ratio’ and ‘NLR’. Hand searching of reference lists of
included studies was also undertaken to select relevant
studies which were not captured by electronic searching
with the final search being undertaken on 6 February 2018.

All citations selected by the search strategy underwent
independent assessment by sequentially reviewing title,
abstract and full text to establish inclusion or exclusion
criteria according to PRISMA guideline. In the cases of
unavailable abstract or inadequate abstract details, the full
article was reviewed.

Inclusion criteria

Eligible studies were included according to the following
criteria: (I) researched HCC patients who underwent
TACE; (II) explored the correlation of NLR with OS and/
or progression-free survival (PFS)/recurrence-free survival
(RES); (IIT) researched patients who were not combined
with inflammatory disease or infection before treatment
of TACE,; (IV) researched patients who didn’t have anti-
inflammatory treatment before treatment of TACE; and (V)
presented in a full paper published in English or in Chinese.

Exclusion criteria

Studies that met the following criteria were excluded: (I)
duplicates; (II) comments; (III) erratum; (IV) reviews; (V)
case reports; (VI) conference presentations (VII) non-
clinical studies or experimental studies; (VIII) original
studies without evaluation of the prognostic value of NLR
in HCC patients undergoing TACE; and (IX) unavailable
information from full text to assess quality and to extract
data.
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Quality assessment

The Newcastle-Ottawa scale (NOS) was employed to
investigate the quality of retrospective studies (27). To
be specific, NOS was composed of three parameters of
quality: selection (04 points), comparability (0-2 points),
and outcome assessment (0-3 points), with a maximal
score of 9 points, which represented the highest quality
methodological study. Studies with scores >7 were defined
as high-quality ones.

Data extraction

The following information was extracted from the 13
studies: first author, journal, year of publication, type of
publication, study design, areas, enrollment period, study
population, number of patients, age, gender, tumor stage,
therapy type, NLR cut-off values, hazard ratios (HRs)
and 95% confidence interval (CI), as well as OS, RFS or
PFS according to NLR value. The accuracy of data was
confirmed by communicating with the authors and/or
journal editors in case of uncertainty.

Results
Selected studies and characteristics

The PRISMA diagram outlining the process of study
selection was illustrated in Figure 1. In brief, 348 articles
were initially identified, 30 of them underwent detailed
review, and 13 eligible studies (28-40) were ultimately
enrolled and analyzed according to inclusion and exclusion
criteria. Of the 13 studies, ten were from Eastern countries,
including nine from China and one from Japan. The
remaining three researches were conducted in Western
countries, two and one in the United States and Italy,
respectively. Quality evaluation of these studies was shown
in http://tcr.amegroups.com/public/system/ter/supp-
tcr.2018.07.13-1.pdf.

The main characteristics of the 13 studies in our review
were displayed in http://tcr.amegroups.com/public/
system/ter/supp-ter.2018.07.13-1.pdf. All articles were
retrospective, published after 2011. There were related
articles published each year from 2011 to 2018, of which
the most published articles were three articles in 2013.
The number of patients in each study varied, ranging from
54 to 279, with a total of 1,648 patients, of which 1,578
patients received conventional TACE, 70 patients received
DEE. The mean age varied from 49 to 63 years old, and
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Retrieved papers (n=348)
- PubMed (n=107)

- EmBase (n=171)

- Web of Science (n=65)

- Cochrane Library (n=5)

1125

227 potentially relevant studies

:[ 121 excluded for duplication J

v

52 abstracts reviewed

)
|
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175 excluded based on title J

Y

[23 full-test articles reviewed }4;

;[ 29 excluded based on abstract J

7 additional studies identified
from reference and citation

17 excluded after article review

A

13 of studies included in the
systematic review and
meta-analysis

Figure 1 PRISMA diagram of the studies selection process.

male proportion varied from 65.9% to 92.4%. Ten studies
reported the follow up time, which ranged from 6.7 to
15 months. Five studies reported the median OS, ranging
from 8.8 to 14.5 months. Three studies reported the
median TTP or PFS, which ranged from 5.5 to 7.2
months. Two studies reported the 1-, 2-, and 3-year OS
rates, which were 52%, 29%, 20% and 38.8%, 18.5%
and 11.1% respectively. One study reported the 88.6%,
46.2%, and 7.5%, respectively. Four studies reported the
tumor response information and the objective remission
rate (ORR), which ranged from 58% to 87%. HRs were
estimated for 10 studies from the accessible information.
Twelve studies provided NLR cutoff values, which were
determined by diverse approaches among studies, of which
six studies reported the median OS difference between high
NLR group and low NLR group, which ranged from 4.2 to
11 months and 12 to 17.5 months, respectively.

Study quality

The quality of 13 enrolled researches was shown in
http://tcr.amegroups.com/public/system/ter/supp-
tcr.2018.07.13-1.pdf, of which, two and three studies scored
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- 12 no full-text (including conference
abstract)

- 3 reviews and meta-analysis

- 2 non-English or non-Chinese writing

8 and 7 points, respectively. These five papers were rated
as high-quality. In addition, there were four studies each
with scores of 6 points and 7 points, which were rated as
medium-quality.

Prognostic role of pre-TACE NLR in predicting OS of
unresectable HCC patients

There were six retrospective studies (28,30,32-34,37)
reporting data concerning the association of pre-TACE
NLR with OS in unresectable HCC patients. A high
pre-TACE NLR was likely to be significantly associated
with the unfavorable OS in these studies. By using the
available HRs and their corresponding 95% CI in these
six studies (http://tcr.amegroups.com/public/system/tcr/
supp-tcr.2018.07.13-2.pdf), a meta-analysis was performed.
Combined data from the six studies indicated a significant
better OS in the high pre-TACE NLR patients group
compared to that in the low pre-TACE NLR patients group
(pooled HR: 1.53, pooled 95% CI: 1.29-1.78, P<0.001)
(Figure 2), without any existing heterogeneity between the
included studies in this meta-analysis (I-squared =0.0%,
P=0.618) (Figure 2). Sensitivity analyses were subsequently
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Study

ID

Huang ZL et al. [2011]
Zheng YB et al. [2013]
Li JP et al. [2013]

Xu XS et al. [2014]
Zhang JG et al. [2014]
Zhou DS et al. [2016]

Overall (I-squared =0.0%, P=0.618)

Xu et al. NLR and hepatocellular cancer

HR (95% ClI) %

Weight

1.50 (1.02, 2.15) 19.12

———+————————2.39(1.24, 4.58) 2.19
1.48 (1.12,2.10) 25.12
1.69 (1.02, 2.79) 7.79
2.13(1.43, 3.16) 8.10
1.38 (1.04, 1.84) 37.68

1,53 (1.29, 1.78) 100.00
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Figure 2 Forest plots of studies evaluating HR with 95% CI of elevated pre-TACE NLR for OS in unresectable hepatocellular cancer

patients. CI, confidence interval; TACE, trans-arterial chemoembolization; NLR, neutrophil-to-lymphocyte ratio; OS, overall survival.

Meta-analysis estimates, given named study is omitted
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Zheng YB et al. [2013] [T PR

Li JP et al. [2013] IR N

Xu XS et al. [2014]

Zhang JG et al. [2014] | @i o

Zhou DS et al. [2016]

o Estimate
Huang ZL et al. [2011] T[S B
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1.36 1.47

2.62 1.78 1.90

Figure 3 Effect of individual studies on the pooled HR for NLR and OS of unresectable hepatocellular cancer patients. HR, hazard ratio;

NLR, neutrophil-to-lymphocyte ratio; OS, overall survival.

conducted by sequentially omitting each study to investigate
its influence on the results, which also indicated that there
was no existing heterogeneity, and removing any study did
not affect the overall result (Figure 3).

When we carefully reviewed the six studies (28,30,32-
34,37) enrolled in the meta-analysis, the following defects
of these studies were detected, as shown in http://tcr.
amegroups.com/public/system/tcr/supp-ter.2018.07.13-3.
pdf. Firstly, all the included studies were performed in China,

© Translational Cancer Research. All rights reserved.

tcr.amegroups.com

without any studies from other countries or ethnicities,
leading to reduced generality of the conclusion and its
clinical generalizability. Secondly, all the included studies
were retrospectively designed with relatively small sample
sizes, thereby reducing the statistical power of the data and
affecting the convincingness of the conclusion. Thirdly, of all
the included studies, the proportion of males exceeded 70%,
with many studies reaching as high as about 90%, which may
obscure the effect of gender on the conclusion. Fourthly,
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whether viral hepatitis was combined or not, what kind of
viral hepatitis was combined, and what kind of tumor stage
it was situated, the above three conditions were different
or unknown in each study, whereas, hepatitis and different
tumor stages would also have an impact on the relation
between pre-TACE NLR and OS. Fifth, the cut-off value of
NLR was not uniform, and the method and basis for value
selection were various. The research using the ROC method
with the most methodological science accounted for a small
proportion, which greatly affected the comparability between
studies and subsequently influenced the conclusion.

Prognostic role of pre-TACE NLR in predicting PFS/TTP/
DEFS of unresectable HCC patients

There were three retrospective studies (30,31,33) which
provided information regarding the association between
pre-TACE NLR and PFS/TTP/DFS of unresectable
HCC patients. Detailed clinicopathological information
was presented in http://tcr.amegroups.com/public/system/
ter/supp-ter.2018.07.13-4.pdf. The retrospective study
conducted by Zheng YB et 4l. found that the TTP in the
pre-TACE high NLR (NLR >4) and low NLR (NLR <4)
groups was 4.4 and 7.5 months respectively, which was
insignificantly different between the two groups (P=0.28).
The retrospective study conducted by McNally ME ez al.
indicated that PFS was 5.5 months and median TTP
in hepatic lesion was 5.6 months, with 76% of patients
suffering from progression after one year. In addition, they
also demonstrated that elevated pre-TACE NLR (NLR >4)
was not correlated with PFS in unresectable HCC patients,
and the radiographic response to initial TACE was the
only clinical factor related to PFS. The retrospective study
conducted by Xu XS er /. demonstrated that the DFS at 1,
3, and 5 years for patients with normal NLR were 51.2%,
26.9%, and 26.6% respectively, compared with 29.2%, 18.8%,
and 15.6%, respectively for those with elevated NLR. Patients
with elevated preoperative NLR harbored significantly
worse DFS in comparison to those with normal NLR (DFS,
¥’=39.3, P<0.001). However, multivariate analysis indicated
that age (P=0.001, HR=1.81; 95% CI: 1.26-2.61) was the
only significant prognostic factor in terms of DES following
TACE.

In summary, there is no significant prognostic association
of increased NLR before TACE with PFS/TTP/DFS in
patients harboring advanced unresectable HCC. These
studies (30,31,33) provided research data from both Eastern
and Western countries. However, the included studies also
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had similar defects, such as retrospective research design,
small sample size, unbalanced gender ratios, inconsistent
tumor stage and cutoff values, as well as confusion in the
value standards.

Prognostic role of pre-TACE NLR in predicting TACE
treatment-response of unresectable HCC patients

There was only one retrospective study (38) conducted by
Taussig MDD et al., which provided information regarding the
association between pre-TACE NLR and TACE treatment-
response of unresectable HCC patients (http://ter.
amegroups.com/public/system/tcr/supp-tcr.2018.07.13-5.
pdf). Objective response was defined as the sum of complete
response (CR) and partial response (PR). Disease control
was defined as the sum of objective response, PR and stable
disease (SD). In their study, through the Kruskal Wallis
test, they found that there was a significant association of
NLR with disease control (P=0.019) but not with objective
response (P=0.225). Multivariate analysis revealed that high
NLR (NLR greater than 3) and radioembolization treatment
were associated with disease progression. They also
performed a frequency distribution of the study population
by NLR by performing a stratified contingency analysis.
A NLR of >3.1 corresponded to the 4th quartile, which
had the most progressive disease and least disease control.
Contingency analysis was performed using NLR of >3.1 as a
cutoff. Objective response did not demonstrate a difference
in control across the quartiles. However, disease control was
significantly inferior across quartiles for patients with NLR
>3.1 (57%) than for patients with NLR <3 (89%, Fisher’s
exact test, P<0.0001), with an odds ratio (OR) of 6.17.
Although their study (38) indicated there was no
statistical difference in objective response or disease control
by treatment (P=0.088), their research indeed has the
problem of inconsistent therapeutic methods for different
subjects. Of the 86 patients, 53 (62%) received DEE, 17
(20%) had ¢-TACE and 16 (19%) had Y90. The same
problem also existed in the method and basis for their cutoff
value, which was identified based on pooled data in a meta-
analysis of NLR in HCC patients treated with surgery,
sorafenib, ablation, or chemoembolization, not exclusively
for HCC patients treated with chemoembolization. These
both affected the universality of the research conclusions.
Furthermore, this study also had the similar defects, such as
retrospective research design, small sample size, unbalanced
gender ratios and undescribed tumor stage. The most
important thing was that it was the only one related research.
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Prognostic role of post-TACE NLR in predicting post-
TACE metastasis of unresectable HCC patients

A retrospective study conducted by Xue TC ez al. (36)
showed that distant metastasis might occur early following
TACE, which was detected in 25.5% (42/165) patients after
one to two TACE treatments (http://tcr.amegroups.com/
public/system/ter/supp-ter.2018.07.13-6.pdf). The majority
of subjects did not present any corresponding symptoms
in the case of distant metastasis. Their study found that
high post-NLR (NLR >5 and NLR >6) was significantly
correlated with metastasis (P=0.013 and P=0.003), consistent
with that of the low post-lymphocyte (P=0.006). Moreover,
multivariate analysis further validated that high post-NLR
(NLR >5 and NLR >6) (OR: 1.57, 95% CI: 0.732-3.382,
P=0.246) but not high baseline NLR (OR: 2.68, 95% CI:
1.040-6.910, P=0.041) was an independent risk factor in
metastatic prediction in consideration of the cross-effects of
potential risk indicators.

This study (36) mainly enrolled HCC patients with
tumor diameter over 10 cm and harboring hepatitis B and
C backgrounds. A further prospective large-scale study is
needed to confirm whether the conclusion of this study was
equally applicable in patients with a tumor diameter of less
than 10 cm and no viral hepatitis background or not.

Prognostic role of post-TACE NLR in predicting TTP and
OS of unresectable HCC patients

As shown in http://tcr.amegroups.com/public/system/
ter/supp-ter.2018.07.13-7.pdf, the retrospective study
performed by Zheng YB et al. (30) demonstrated that the
median TTP in the high NLR (NLR >4) and low NLR
(NLR <4) groups was 4.5 and 8.0 months, respectively when
4 to 6 weeks after TACE, without statistical significance
(P=0.18). The median OS post-TACE was 7.0 and
16.2 months respectively, with statistical significance
(P=0.001). Whereas, another retrospective study performed
by Xue TC ez al. (36) indicated that the OS was not
significantly different between high (NLR >5 and NLR
>6) and low post-NLR groups, as indicated by multivariate
analysis (P=0.342).

Among the above-described articles, there was only
one (30) concerning the relationship between high NLR and
TTP of HCC patients after TACE, and the two studies on
high NLR and the OS of HCC patients after TACE were
exactly the opposite, which might be due to the inconsistent
patient baseline conditions of the two included studies
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(e.g., tumors greater than 10 cm in diameter and less than
10 cm in diameter). Similarly, these studies also had the
same defects, such as retrospective research design, small
sample size, unbalanced gender ratios and ununiformed
method for identifying cutoff value.

Prognostic role of post-TACE NLR in predicting TACE
treatment-response of unresectable HCC patients

Also shown in http://tcr.amegroups.com/public/system/
ter/supp-ter.2018.07.13-7.pdf, the retrospective study
performed by Xue TC et 2. (36) failed to detect any
statistical significance (P=0.229) of tumor response between
high post-NLR (46.15%) and low post-NLR (35.40%)
group, although subjects with high post-NLR (46%, 24/52)
were prone to suffer from progressive disease compared to
those with low NLR (35%, 40/113). Another retrospective
study performed by Ying SH ez 4/. (40) found that there
was a decreasing trend in NLR of patients in CR group
compared to those in non-CR group (P=0.076), however,
no correlation of NLR with ORR was found (P=0.873).

Similarly, these two studies (36,40) had the same defects,
such as retrospective research design, small sample size,
unbalanced gender ratios and ununiformed baseline
characteristics of included HCC patients.

Prognostic role of NLR change between pre-and post-
TACE in predicting OS of unresectable HCC patients

As shown in http://tcr.amegroups.com/public/system/tcr/
supp-tcr.2018.07.13-8.pdf, there were five retrospective
studies (28,29,31,32,39) providing information concerning
the correlation of the NLR changes between pre- and
post-TACE with OS in unresectable HCC patients. A
retrospective study conducted by Huang ZL er al. (28)
identified 3.3 as the NLR cutoff value according to the
mean level of NLR before TACE. They found that better
outcomes after TACE in subjects with elevated NLR
(n=127) compared to those patients with declined NLR
(n=18), which was indicated by 11- and 6-month survival
in subjects with elevated and declined NLR, respectively
(log-rank test, P=0.006). The survival (14.73+2.0 months)
of patients who remained normal after TACE in the normal
NLR group was better than that (9.67£0.82 months) of
patients who remained high after TACE in the high NLR
group (P=0.01). The survival (13.61+1.07 months) of
patients who converted to high after TACE in the normal
NLR group was better than that (9.67+0.82 months) of
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patients who remained high after TACE in the high NLR
group (P=0.006). In the NLR cutoff value remaining high
after TACE in the high NLR group, patients with increased
NLR had a better survival than those with decreased NLR
(10.19£0.93 vs. 6.63+1.05 months), however, without
statistical significance (P=0.128). In the NLR cutoff value
remaining normal after TACE in the normal NLR group,
patients with increased NLR had a significantly better
survival than those with decreased NLR (18.67+2.26
vs. 8.83£2.38 months, P=0.012). Another retrospective
study performed by Li JP ez al. (32) also reached the
same conclusion, the only difference was that their study
concluded the survival difference was statistically significant
between the NLR-increased patients and NLR-decreased
patients in the NLR cutoff value remaining high after
TACE in the high NLR group (P=0.034), and they used a
much lower NLR cutoff value (2.5). On the contrary to the
conclusion of the above two studies (28,32), a retrospective
study conducted by Pinato DJ et a/. (29) demonstrated that
patients with NLR values converted to normal (NLR <5)
had a significantly better OS than those with NLR values
remaining high or abnormal (NLR >5), in addition, post-
TACE improvement in the NLR status was related to a
less-advanced intrahepatic spread (P=0.02). Moreover,
improvement in the NLR (HR: 3.8, 95% CI: 1.1-13.1,
P=0.03) remained as an independent indicator for OS,
similar to that of the achievement of complete radiologic
response (HR: 0.3, 95% CI: 0.1-0.6, P=0.003) through
multivariate analysis. Consistently, the same conclusions
were also achieved by a retrospective study conducted by
McNally ME ez al. (31), who demonstrated that the survival
was significantly worse in patients whose NLR was either
elevated (>5) 1 month following TACE or was elevated
both before and after TACE, in comparison with those
with normalized NLR or normal both before and after
TACE (18.6 vs. 10.6 months, P=0.026). The consistent
findings were detected after six months of TACE (21.3 ws.
9.5 months, P=0.002). Patients harboring abnormal NLR
both before and after TACE were burdened with the worst
outcomes, with a median survival of 4.1 months. A recent
retrospective study performed by Shiozawa S er al. (39)
demonstrated three groups of NLR trends: Group A;
NLR remained low (<5)/decreased after TACE, Group B;
NLR increased (>5), Group C; NLR remained high both
before and after TACE. After TACE treatment, the median
survival time (MST) in three groups was as follows: Group
A; 46 cases (52.3%), MST 29.4 months, Group B; 27 cases
(30.7%), MST 16.6 months, and Group C; 15 cases (17.0%),
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MST 10.5 months (P=0.008). In the end, high NLR
(P=0.006) was an independent factor influencing the survival
rate of HCC following TACE, which also supported the
conclusion that increased NLR after TACE was related to
shorter survival in unresectable HCC patients.

By reviewing the above documents (28,29,31,32,39),
whether the increase in NLR after TACE is a favorable or
unfavorable factor for unresectable HCC patients remains
controversial at present. The former thought that the
increase of NLR value is the working-well performance
of the patient’s immune system and immune response.
The latter thought that the increased NLR value is the
performance of the inhibitory immune function of patients,
which makes the patients more likely to relapse and
metastasis and shorten the survival period in the end. It
requires more relevant clinical studies to prove and more
basic research to uncover the real mechanism in order to
determine which view is ultimately correct. Similarly, these
studies also had the same defects, such as retrospective
research design, small sample size, unbalanced gender
ratios, ununiformed clinical pathology characteristics and
ununiformed method for identifying cutoff value.

Prognostic role of NLR change between pre-and post-
TACE in predicting TACE treatment-response and PFS of
unresectable HCC patients

As shown in http://tcr.amegroups.com/public/system/
ter/supp-ter.2018.07.13-9.pdf, the retrospective study
performed by McNally ME et /. (31) explored the
relationship regarding the NLR change between pre-
and post-TACE with the TACE treatment-response
in unresectable HCC patients. In their study, CR was
defined as a complete disappearance or necrosis of all
existing tumors. PR was defined as a decline in the size
and/or enhancement of all lesions by >50%. SD referred
to those, whose disease could not be judged by CR/PR or
PD. PD was defined as a >25% increased size of one or
more measurable lesions or the appearance of new lesions.
Complete radiographic response was noted in 32 patients
(36%). PR, SD and PD were detected in 24 (27%), 19
(21%) and 14 (16%) patients, respectively. In their study,
they also showed the median TTP was 5.5 months and the
median TT'P of hepatic lesion was 5.6 months, with 76% of
patients suffering from progression at 1 year. Normal NLR
cutoff value was defined as <5, which was identified as the
previously described. They found that NLR trend (remains
normal or normalizes or rises or remains high after TACE)
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after TACE was not related to either radiographic response
to TACE (P=0.89) or hepatic progression (P=0.55).

There only one above study (31) investigating the
relationship concerning the NLR change between pre-
and post-TACE with the TACE treatment-response of
unresectable HCC patients. In this study, most patients
(n=59, 56.7%) received standard TACE with triple-drug
regimen, while the remaining subjects received either
bland embolization or embolization with DEB-TACE, the
ununiformed treatment method may affect the universality
of the research conclusions. Unfortunately, it also had the
same defects, such as retrospective research design, small
sample size, unbalanced gender ratios, undefined tumor
stage and unscientific identified method for NLR cutoff
value for included HCC patients.

Other studies about the prognostic role of NLR in HCC
patients treated by TACE

As shown in http://tcr.amegroups.com/public/system/
ter/supp-ter.2018.07.13-10.pdf, of all the included 13
retrospective studies (28-40), there were two special
studies (34,35), which is likely to supply us with novel
perspective concerning the prognostic significance of
NLR in unresectable HCC patients undergoing TACE
and with new research direction in the future. One
retrospective study performed by Zhang J er a/. (34) found
that the presence of PVTT (P<0.001; HR: 4.235; 95% CI:
2.787-6.436), preexisting diabetes mellitus (DM) (P=0.006;
HR: 1.843; 95% CI: 1.190-2.854) as well as increased
NLR (P<0.001; HR: 2.126; 95% CI: 1.429-3.165) were
determined as independent poor prognostic indicators for
subjects with non-viral HCC receiving TACE. When pre-
existing DM and increased NLR was combined as one
single factor, the combination of DM and NLR (P<0.001;
HR: 2.235; 95% CI: 1.488-3.357) along with the presence
of PVTT (P<0.001; HR: 4.466; 95% CI: 2.924-6.822)
were determined as independent factors for poor survival
in comparison to that of pre-existing DM or increased
NLR alone. On the contrary, another retrospective study
conducted by Fan W et 4l. (35) indicated that the median
survival of subjects in the high and low NLR group was
11 (range, 4-24) months and 17 (range, 4-46) months,
respectively. The long-term survival was significantly
prolonged in subjects with low NLR compared to those
with high NLR (log-rank test: P=0.017). Univariate analysis
also indicated high NLR (=3.1, HR: 0.443, 95% CI:
0.276-0.711, P=0.001) could influence OS, while other risk
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factors, including high PLR, were taken into consideration.
Multivariate analysis demonstrated that high PLR (HR:
0.373, 95% CI: 0.216-0.644, P<0.001) but not high NLR

was independent predictor of poor survival.

Discussion

Our study systematically reviewed the prognostic
significance of NLR in patients with unresectable HCC
undergoing TACE. Although there has been a systematic
review (41) and three meta-analyses (42-44) examining
the relationship between NLR and HCC prognosis, these
articles either used the pre-operative NLR as one of the
criteria for selecting a liver transplant in patients with
HCC (41), either only focusing on the discussion of the
prognostic value of NLR in pre-operation period (42,43)
or discussing the effect of NLR on the prognosis of
different therapeutic periods regardless of distinguishingly
different treatments that the HCC patients received (44).
"To our knowledge, it is the first research which underwent
systematical review of the relationship between NLR
values at different therapeutic time points and changes
in NLR values before and after TACE in patients with
unresectable HCC, which has strong pertinence and is of
comprehensively clinical significance.

There are several advantages and features of our review
that we must acknowledged: (I) a total of 13 articles
were included, more comprehensive than the literature
included in previous relevant reviews(only four articles
included as far as we know); (II) subjects were classified
into three groups as pre-TACE NLR, post-TACE NLR,
and NLR change pre- and post-TACE in accordance
with the diverse therapeutic time points of obtained NLR
values; (III) OS, RFS, PFS or DFS and tumor response
were chosen as the primary outcomes; (IV) NLR ,as an
indicator of the inflammatory state and immune function
of the body, is very susceptible to confounding factors such
as whether the patient has inflammatory disease, whether
to receive anti-inflammatory treatment, and whether the
immune function is normal. In order to eliminate the
effects of these confounding factors, we have developed
strict inclusion and exclusion criteria when we included
the literature. As indicated by the inclusion and exclusion
criteria in the methodology section, studies containing the
above confounding factors were excluded. In addition, all
included studies have performed multivariate analysis to
the baseline data for HCC patients such as gender, age,
underlying disease, physical performance, viral hepatitis,
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and traditional prognostic indicators associated with HCC
patient outcomes to exclude or verify the effects of these
confounding factors.

In clinical practice, we often use tumor markers, tumor
staging and liver function as indicators for evaluating
the prognosis of patients with liver cancer. Of the 13
articles (28-40) included, the prognostic value of AFP
were evaluated in 12 included articles (28-37,39,40).
After multivariate analysis, eight studies (28-31,34-36,40)
suggested that AFP had no prognostic value for patients
with liver cancer receiving TACE compared with NLR.
Two studies concluded that the prognostic value of AFP
is higher than that of NLR (33,37). The other 2 studies
indicated that the prognostic value of AFP is not as good
as that of NLR (32,39). Overall, the prognostic value of
NLR is considered to be superior than AFP in majority
of the included literatures. What’s more, four studies
(29,30,36,40) of the 13 articles (28-31,34-36,40) included
in our review evaluated the prognostic value of tumor
stage (BCLC grading system) in patients with liver cancer
receiving TACE. The multivariate analysis demonstrated
that BCLC grading system was not an independent risk
factor for patients with liver cancer who were treated with
TACE compared with NLR, indicating that NLR is a
better prognostic biomarker than tumor stage in patients
with HCC received TACE. At last, the Child-Pugh Class
or Child-Turcotte Pugh Class system was adapted in all
10 articles (29-31,33-38,40) which evaluated the role of
liver function in the prognosis of patients with liver cancer
undergoing TACE. Multivariate analysis showed that liver
function was not an independent risk factor for prognosis
in patients with liver cancer receiving TACE compared
with NLR, suggesting that the prognostic value of NLR
is much more effective than liver function in patients with
HCC underwent TACE. This shows that NLR has a better
prognostic power than traditional liver cancer prognostic
indicators.

In this study, we mainly demonstrated that high pre-
TACE NLR was significantly related to poor OS and high
post-TACE NLR was closely related to metastasis. The
correlation between high pre-TACE NLR and unfavorable
OS was according to a relatively massive related data (six
studies including 971 patients for OS). This was consistent
with the conclusion of a previous meta-analysis (three
articles including 535 patients for OS) (43). However, our
analysis included twice as many articles as the latter and
more participated patients, hence, the statistical power of
our conclusion was stronger than the latter. Therefore, the

© Translational Cancer Research. All rights reserved.

tcr.amegroups.com

1131

association between pre-TACE NLR and the OS of HCC
subjects undergoing TACE should be stable and could be
used to guide the screening of patients in clinical practice.
Nevertheless, the three following issues should be pointed
out. To begin with, all the included literature regarding
on the relationship between pre-TACE NLR with OS of
HCC patients came from China and were retrospectively-
designed. Therefore, more prospective studies and data
from Western countries are necessary to validate our
conclusion. Secondly, there was only one study investigating
and confirming the correlation between high post-TACE
NLR and early metastasis, more relevant studies are
warranted to further verify this finding. At last, it is well
known that the nutritional status of patients affects the
number of neutrophils (45). Although albumin was used to
evaluate the nutritional status of patients with liver cancer
who underwent TACE in 9 (28,29,32-35,37,39,40) of the
13 articles (28-40) included. Among them, only 4 articles
(28,32,33,35) evaluated the relationship between albumin
and NLR, all showing that the effect of albumin to NLR
was not statistically significant (P>0.05). This is also where
the limitations of this study exist, and we need conduct
more studies to explore the influence of nutritional status of
the body to the lymphocyte or even the NLR in the future.
Another important finding which might inspire us to
carry out more relevant research to verify and explore
is the role, which high post-TACE NLR and the NLR
change trend between pre-and post-TACE played in the
OS of HCC patients undergoing TACE. There are only
two studies (30,36) investigating the relationship between
high post-TACE NLR and OS. One study (30) confirms
that high post-TACE NLR is related to poor OS, while
another study (36) demonstrates that there is no such
relationship. As for the relationship between the trend of
NLR and OS, two studies (28,32) suggested that patients
with elevated NLR after TACE compared to pre-TACE
had a better OS, while three other studies (29,31,39)
considered that OS of subjects with elevated NLR after
TACE compared to pre-TACE was even worse. The studies
that drawn the conclusion of the former thought that the
underlying mechanism might follow the development
process: firstly, TACE could trigger tumor necrosis and
apoptosis by establishing an ischemic microenvironment,
and the cytotoxicity of chemotherapeutic agents render
cancer cells to secrete massive tumor-specific antigens
and proinflammatory cytokines, including tumor necrosis
factor-o and type 1 interferons (46); secondly, in turn, the
host immune responding to cancer can be activated and
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accelerated via mobilization of lymphoid and myeloid
inflammatory cells into peripheral blood. Particularly,
increased level of myeloid neutrophils is secreted into
circulation during the acute phase, thereby generating
proinflammatory cytokines and chemotactic factors to
evoke and recruit various types of granulocytes, including
neutrophils, lymphocytes, macrophages, monocytes as
well as natural killer (NK) cells (46); thirdly, meanwhile,
the migration of circulating lymphocytes into tumor is
triggered, leading to a significantly enhanced number of
infiltrated lymphocytes in peritumoral stroma, thereby
resulting in increased NLR which could be detected in
peripheral blood during this period. Exposure to tumor-
specific antigens and proinflammatory cytokines could
trigger rapid infiltration and activation of antigen-
presenting cells (dendritic cells and macrophages) and NK
cells, with enhanced cytotoxicity of lymphocytes. Ultimately,
cancer cells are attacked and damaged by diverse effector
mechanisms (47). The studies that came to the conclusion of
the latter thought that the underlying mechanism might be
related to the following aspects: first, elevated NLR reflects
both neutrophilia and relative lymphopenia, both of which
are sustained by tumor-secreted cytokines or as part of the
immune response of host against neoplastic cells; second,
Lymphocyte depletion not only is an adverse prognostic
trait (48) but also possibly reflects impaired T-lymphocyte—
mediated antitumor response (49) and dysfunctional
cytotoxic CD81 lymphocyte subpopulation (50);
third, neutrophilia is functionally associated with the
systemic secretion of chemokines and ILs, affecting disease
progression via promotion of tumor proliferation and
angiogenesis (24,51). So, more researches were needed in
the future to confirm the role of post-TACE NLR and
NLR change trend between pre-and post-TACE in OS of
unresectable HCC patients undergoing TACE and explore
the real potential underlying mechanism.

The last frustrated finding was that NLR was not
correlated with RFS or tumor response in patients with
unresectable HCC regardless of obtaining pre-TACE, post-
TACE, or changing between pre- and post-TACE. The
above-described conditions have limited its application in
the formulation of special follow-up and further treatment
strategies in unresectable HCC patients after TACE. Other
studies (34,35) included in this analysis showed that NLR
did not have a predictive effect on the prognosis of HCC
patients receiving TACE compared to PLR, whereas, when
NLR used in combination with other risk factors for HCC
such as diabetes, its ability to predict prognosis was even
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more potent than NLR alone. The above studies show that
the predictive value of NLR in the prognosis of patients
with unresectable HCC undergoing TACE is not perfect
yet, however, it is of more value in the future to incorporate
NLR in predictive models that include other risk factors for
the prognosis of HCC.

Conclusions

In conclusion, our review suggests that high pre-TACE
NLR is a negative prognostic factor for HCC patients
undergoing TACE and it could provide critical data for
OS prediction and tumor metastasis in HCC patients
undergoing TACE, but NLR is not associated with RFS or
tumor response in such patients. Whether elevated NLR
after TACE is a protective factor or harmful factor for
unresectable HCC patients is still in controversy, and more
related studies are necessary to verify its role. Therefore,
incorporating NLR in predictive models that include other
risk factors for HCC prognosis is a more valuable strategy.
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