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Objective: The purpose of this meta-analysis is to investigate the effectiveness of

the prognostic roles of blood inflammatory markers in hepatocellular carcinoma (HCC)

patients receiving sorafenib.

Methods: We carried out a comprehensive literature search in four databases. Study

endpoints, hazard ratios (HRs) and the associated 95% confidence intervals (CI) for

clinical outcomes, which were to assess therapeutic efficacy, were extracted. This

meta-analysis was conducted by Review Manager 5.3.

Results: We summarized the available evidence from 18 studies with a total of

2,745 cases. The pooled results showed that the synthesized HR favored patients with

low pretreatment NLR (neutrophil-to-lymphocyte ratio), which also indicated that HCC

patients with a lower baseline NLR may have a better response to sorafenib than those

with higher NLR (HR = 1.76, 95% CI [1.44, 2.15], P < 0.00001, I² = 68%). Significance

was also observed for the prognostic function of the PLR (platelet-to-lymphocyte ratio)

of HCC patients treated with sorafenib (HR = 1.49, 95% CI [1.16, 1.93], P = 0.002, I²

= 0%, P = 0.65). The subgroup analysis revealed that different gene backgrounds play

a prominent role in the source of heterogeneity. Interestingly, the predictive effect on OS

(overall survival) was more pronounced as the NLR cutoff value increased. Notably, a

significant predictive effect of NLR on the clinical outcome was detected in HCC patients

treated with sorafenib compared to those treated with tivantinib.

Conclusion: In conclusion, the present study reported promising predictive biomarkers

for HCC patients and notably indicated that HCC patients with a lower baseline NLR

and PLR may have a better response to sorafenib than those with higher ones.

Further large-scale prospective studies are required to determine the optimal NLR and

PLR cutoff values, which are important for identifying the dominant populations for

sorafenib treatment.

Keywords: neutrophil-to-lymphocyte ratio, platelet-to-lymphocyte ratio, hepatocellular carcinoma, sorafenib,

inflammatory biomarkers
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INTRODUCTION

According to GLOBCAN 2018, there were 841,080 estimated
new liver cancer cases worldwide in 2018 (1). The global five-
year survival rate of hepatocellular carcinoma (HCC) is between
5 and 30% (2). Sorafenib is one of the two approved first-
line molecular-targeted drugs for the treatment of advanced
HCC that has brought great hope to patients. Molecular-
targeted medicine can regulate the signal transduction of cell
proliferation, angiogenesis, and tumor suppressor gene loss,
thereby achieving the purpose of inhibiting the growth and
proliferation of tumor cells, which is very promising for cancer
treatment. However, the unconfirmed effectiveness for a single
patient countered with the heavy economic burden and possible
serious side effects make a number of patients hesitant to choose
this therapy, especially in low-income countries. Therefore,
elucidating the dominant population that responds to different
treatments could allow patients to get the fullest benefits and
reduce economic waste, which are of great significance to
patients, families, and society as a whole. However, there is lack of
prognostic biomarkers for HCC patients to effectively predict the
outcomes and benefits from sorafenib. Therefore, development
of more convenient and effective indicators to help clinicians
and patients understand the prognosis and benefits of treatment
programs is needed.

The inflammatory and immune microenvironments play
crucial roles in each stage of cancer formation and progression.
White blood cells, particularly lymphocytes, as reflections of the
inflammatory response in the tumor immune microenvironment
have been reported as effective predictors of cancer progression
(3–5). Emerging studies have shown that the neutrophil-to-
lymphocyte (NLR) and platelet-to-lymphocyte (PLR) could
predict outcomes for HCC patients (6–9). However, there is
no consensus on whether they have the same prognostic role
for HCC patients treated with sorafenib (10, 11). Thus, we
conducted this meta-analysis to investigate the effectiveness of
the prognostic roles of inflammatory markers in HCC patients
receiving sorafenib based on the current evidence.

METHODS

Search Strategy
We carried out a related topic search of this meta study
in four databases (PubMed, Cochrane Library, Embase,
and Web of Science) with the following MeSH terms
and keywords: “hepatocellular carcinoma,” “inflammatory
markers,” “neutrophil,” “lymphocyte,” “platelet,” “neutrophil to
lymphocyte ratio,” “platelet to lymphocyte ratio,” “molecular
targeted therapy,” “sorafenib,” and “prognostic factors.” The
specific search strategies for the four databases are given in the
Supplemental maTerials (Tables S1–S4). There was no language

Abbreviations: CI, Confidence Interval; HR, Hazard Ratio; NLR, Neutrophil-
to-lymphocyte Ratio; PLR, Platelet-to-lymphocyte Ratio; MLR, Monocyte-to-
lymphocyte Ratio; LMR, Lymphocyte-to-Monocyte Ratio; OS, Overall Survival;
PFS, Progression Free Survival; RFS, Recurrence Free Survival; TTP, Time to
Tumor Progression; TTF, Time to Treatment Failure; TACE, transcatheter arterial
chemoembolization therapy; TAE, transcatheter arterial embolization.

restriction in the literature search. The references of related
literature and reviews were also manually searched to identify
additional eligible studies. The protocol for this meta-study was
reviewed and registered on PROSPERO (CRD42019120884).

Inclusion and Exclusion Criteria
This meta-analysis included cohort studies to observe the
association between baseline NLR, PLR, or other inflammatory
factors and survival outcomes in patients with HCC treated
with sorafenib, aiming to explore the predictors of the efficacy
of sorafenib.

The inclusion criteria for each study were as follows: (1)
Cohort studies involved the patients with HCC receiving
sorafenib or molecular targeted therapies; (2) articles analyzing
the correlation between inflammatory markers and survivals of
HCC patients including studies that investigated and reported
the predictive effect of the NLR or PLR; (3) Studies must have
included a cutoff value of the peripheral blood inflammatory
markers with a comparison between different groups according
to the cutoff value. Data regarding overall survival (OS),
progression free survival (PFS) or other clinical outcomes, related
hazard ratio (HR), and 95% confidence interval (CI) must also
have been available; and (4) the publication was in English and
access to the full article was required. The exclusions of this
research were insufficient data, case report, conference abstract,
comments, and duplicate publications.

Data Extraction (Selection and Coding)
Two reviewers (LX Liu, QL Zhang) worked independently to
screen the studies according to the inclusion and exclusion
criteria. The basic information (study design, first author,
published year, HCC stage, sample size, inclusion date, average
age, and study location) of the included studies together with
the cut-off value of inflammatory markers, treatment, follow-
up time, study endpoints, and available data to assess the
therapeutic efficacy were also extracted. If these data were not
available, the HR or 95% CI was estimated by Review Manager
5.3 software according to its P-value. If the survival curves were
the only useful data in the articles, Peto’s method was applied
to extract the HR value and CI (12). Different opinions were
discussed and a third reviewer (L Feng) would join in to reach
consensus. The data extraction procedure followed the rules
of PRISMA.

Risk of Bias (Quality) Assessment
The qualities of the included studies were assessed by two
independent researchers using the Newcastle-Ottawa Quality
Assessment Scale (NOS) (13–15). Studies were assessed by
two reviewers (LX Liu, QL Zhang) by the following aspects:
(1) representativeness of the exposed cohort; (2) selection of
the non-exposed cohort; (3) ascertainment of exposure; (4)
demonstration that outcome of interest was not present at the
start of the study; (5) study controls for factors like age; (6) study
controls for any additional factors; (7) assessment of outcomes;
(8) long enough follow-up; and (9) adequacy of follow up of
cohorts. High quality studies were defined as having a score of ≥
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7. If there was any disagreement, a third reviewer (L Feng) would
be available to discuss and resolve the different opinions.

Strategy for Data Synthesis
All data were analyzed to perform the meta-analysis using the
software of Review Manager 5.3. The effects were measured
using a HR and Outcome data were weighted by generic inverse
variance. The HRs and 95% CIs were analyzed to investigate
the relationship between inflammatory markers and clinical
outcomes of HCC patients. A chi-squared test was used to
evaluate the heterogeneity of therapeutic efficacy in the trial when
P < 0.1 was significant. The levels of heterogeneity were assessed
by the I2 statistic (I2 > 75% considerable heterogeneity; I2 > 30%
moderate heterogeneity). Studies with high level heterogeneity
were analyzed by a random-effect model (I2 > 25%). Otherwise,
a fixed-effect was employed. The subgroup analysis or sensitive
analysis was performed when there was significant clinical
or statistical heterogeneity. We analyzed quality of trials and
excluded studies at high risk of bias. Publication bias was signified
by Funnel plots. Because included studies were evaluated in
various populations in different countries and with different
cutoff values of biomarkers or with different research quality,
we conducted subgroup analyses to minimize the impacts of
the different conditions. A two-sided P < 0.05 was considered
statistically significant.

RESULTS

Characteristics of Included Articles
A total of 470 potential articles were identified through the
literature search [PubMed (n = 228), Cochrane library (n = 46),
Embase (n = 68), and Web of Science (n = 128), Tables S1–S4].
Overall, 73 duplicates studies were removed, 316 articles were
excluded after title/abstract review, and one potential article
was added from the reference review. A total of 82 potential
full-text articles were included for detailed assessment. Then,
after carefully reviewing the full text, 65 articles were excluded
as follows: 29 studies with outcomes not related to this meta-
analysis, 16 conference abstracts, 3 comment articles, one article
in Japanese, 2 reviews, 12 studies including patients without
molecular-targeted medicine treatment, and one duplicated
article (Table S5). Finally, 18 studies (16–33) that encompassed
2,745 patients with advanced HCC were included according to
the inclusion criteria. A flowchart recorded the eligible study
selection (Figure 1) and the main information of the studies
included in this analysis are presented in Table 1.

Generally, the 18 included studies were published from 2011
to 2018. Three of them were prospective studies (21, 23, 31) and
16 were retrospective studies. The 194 patients in two studies
(22, 24) had intermediate-advanced HCC, and 2,551 patients
in the remaining studies were in the advanced stage of the
disease. Eight studies were conducted in Asia, mainly in China
and Japan, 8 studies were conducted in America and Europe,
and two were multicentered covering locations in western and
eastern countries (17, 21). Thirteen studies focused on the NLR
as prognostic factors, one study analyzed the association between
neutrophil count and survival outcome (25), three studies

FIGURE 1 | Flow diagram of the literature search and studies inclusion.

explored the PLR prediction function, one study investigated the
prognostic function of themonocyte -to-lymphocyte ratio (MLR)
(28) and one the lymphocyte-to-monocyte ratio (LMR) (33), and
three studies reported on inflammation biomarkers as risk factors
for survival, such as IL-17A, IL8, IL10, Ang-2, G-CSF, HGF, and
leptin, etc.

Quality (Risk of Bias) Assessment
We evaluated the included studies according to the NOS: 7
studies had a score of 9, 8 had a score of 8, and 3 had a score of 7.
The details of assessment results are presented in the Table S6.

NLR and OS
All included studies were adjusted for potential confounders
applying the COX proportion hazard model. Among the 13
studies focused on the NLR as a prognostic factor, a significant
relationship between increased NLR after sorafenib therapy and
survival outcome was reported in Zhang’s study (HR = 4.647, 95
% CI 1.266–17.053, P = 0.021) (26). Katayama found that a low
NLR was a useful predictor of time to untreatable progression in
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TABLE 1 | Baseline characteristics of the included studies, inflammatory indicators, primary end points, and quality of the study according to the NOS scale.

References Origin Study

design

Stage of

HCC

Treatment Inclusion

period

Age (years) Follow up

period

(months)

Sample

size

Biomarker Cutoff value/Time

of assessment

Study

endpoints

Quality

score

Zheng et al. (27) China Retrospective Advanced Sorafenib 01/2011–

12/2012

55 ± 12 8.9 (2–25.5) 65 NLR 4/ baseline OS/TTP 9

da Fonseca et al. (20) Brazil Retrospective Advanced Sorafenib 07/2009–

11/2013

59.7

(19–80.3)

11.4 (0.47–27.1) 105 NLR 3.5/7 days before

treatment

OS 8

Wei et al. (24) China Retrospective Intermediate-

advanced

TAE combined with

Sorafenib

01/2010–

05/2013

58.7 ± 10.1 16.5 (8–38) 40 NLR 3/baseline OS 9

Diaz-

Beveridge et al. (19)

Spain Retrospective Advanced Sorafenib 01/2008–

04/2015

62

(26–82)

Median:43 145 NLR 4/baseline OS 8

Zhang et al. (26) China Retrospective Stage II/III Curative resection

adjuvant sorafenib

08/2009–

03/2012

Median:51 Median:28.6 38 NLR Change of NLR OS/RFS 9

Luè et al. (22) Spain Retrospective Intermediate-

advanced

Sorafenib 08/2005–

10/2013

63 ± 11

(28–86)

7 (3–15) 154 NLR 2.3/baseline OS 8

Personeni et al. (23) Europe

and The

North

America

Prospective

RCT

Advanced Tivantinib/

placebo

10/2009–

08/2011

Tivantinib

240mg

69(45–83);

360mg 71

(27–80); Placebo

68 (46–85)

18.9 (0.6–24.8) 98 NLR 3.0/baseline OS/TTP 8

Yuan et al. (25) China Retrospective Advanced Sorafenib 07/2008–

12/2012

52.5

(21–78)

8.5 (1.0–80.5) 120 Neutrophils

count

3.65 × 109

neutrophils/L/1 week

prior to treatment

OS 9

Bruix et al. (17) Europe,

America,

Australia

and Asia

Retrospective Advanced Sorafenib/

placebo

03/2005–

07/2007

64

(21–89)

NR 827 NLR 3.1/baseline OS 9

Howell et al. (21) Japan,

Italy and

UK

Prospective Advanced Sorafenib 01/2005–

12/2015

70 ± 10 7.1 (3.4–16.1) 442 NLR 2.52/baseline OS 9

Afshar et al. (16) UK Retrospective Advanced

or

metastatic

Sorafenib 04/2009–

03/2014

66

(60, 74)

NR 231 NLR 3/baseline OS 7

Zhu et al. (28) China Retrospective Advanced Sorafenib with or

without TACE

01/2013–

12/2016

54.29

(24–86)

Every 8 weeks 142 MLR 0.35/baseline OS/PFS 8

Casadei Gardini et al.

(18)

Italy Retrospective Advanced

HCC

Sorafenib 2012–

2015

NR NR 56 NLR 3/ baseline OS/PFS 7

Miyahara et al. (29) Japan Retrospective Advanced

HCC

Sorafenib 07/2009–

10/2010

71.5

(36–84)

Every month 30 Ang-2, G-CSF,

HGF, and

leptin

baseline PFS 9

(Continued)
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17 advanced HCC patients treated with sorafenib for more than
12 months [time to tumor progression (TTP), HR:0. 271, 95 %
CI 0.074–0.997, p = 0.050] (30). Thus, the relationship between
pretreatment NLR and OS were investigated in 11 studies with
2,324 cases in the final meta-analysis, and a close relationship
was detected (P < 0.00001). The pooled results showed that
the synthesized HR favored patients with low pretreatment
NLR, which meant that a lower baseline NLR in HCC patients
correlated with significantly better OS, which also indicated that
HCC patients with a lower pretreatment NLR may have a better
response to molecular targeted medicine than those with higher
NLR (HR = 1.76, 95% CI [1.44, 2.15], P < 0.00001, I² = 68%,
Figure 2A).

Subgroup Analysis
Due to the high I2 values in the pooled analysis, subgroup
analyses were also performed. We conducted the subgroup
analyses following several related clinical parameters as possible
sources of heterogeneity and the results are summarized in
Table 2. Interestingly, the subgroup analyses showed marked
change by the clinical parameters. In the subgroup analysis of
study design and cutoff values, the results showed an obvious
decrease in heterogeneity (Table 2). Of note, in the research
region subgroup, the heterogeneity reduced to zero [Asia group:
2.98 (1.88, 4.73), P < 0.00001, I² = 0%, P = 0.87; Europe and
America group: 1.65 (1.41, 1.93), P < 0.00001, I²= 0%, P= 0.73,
Table 2]. However, the multicenter studies involving countries
from Europe, America, and Asia showed a high heterogeneity
and revealed little OS prediction function of NLR [1.56 (0.90,
2.69), P = 0.11, I² = 87%, P = 0.005, Table 2]. This indicated
that different genetic backgrounds played a prominent role in the
source of heterogeneity. These two multicenter studies involved
827 and 442 cases, respectively, which accounted for a large
proportion of the entire meta-analysis. The other subgroup
analyses with statistically significant heterogeneity all involved
the two studies, such as subgroup of sample size, age, follow-
up time, and study quality, and the combined weights of the two
studies in each subgroup analysis were 36.3, 38.0, 30.7, and 32.6%,
respectively. Another interesting finding in the subgroup analysis
was that the predictive effect for OS was more pronounced as
the NLR cutoff value increased. A significant outcome prediction
relationship was seen in the study with an NLR cutoff value of ≥
3 but not in group with NLR≥ 2 [2≤NLR < 3: 1.34 (0.99, 1.82),
P = 0.06, I² = 53%, P = 0.15, Table 2]. A significant predictive
effect of NLR on the clinical outcome was detected in HCC
patients treated with sorafenib [1.69 (1.38, 2.08), P < 0.00001,
I² = 66%, P = 0.003, Table 2]. However, marginally statistical
significance was found in HCC patients following tivantinib
treatment [1.58 (1.01, 2.47), P= 0.05, Table 2].

PLR and OS
There were only three studies that reported on the relationship
between PLR and clinical outcome. However, the analysis showed
significant prognostic function for HCC patients with molecular
targeted medicine therapy [1.49 (1.16, 1.93), P = 0.002, I² = 0%,
P= 0.65, Figure 2B].
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FIGURE 2 | Forest plots for associations between pretreatment (A) blood NLR and survival, (B) blood PLR and survival.

Association Between Other Plasma
Inflammation Biomarkers and OS
Several inflammatory biomarkers beside NLR and PLR were
also detected in the included studies. In Zhu’s study (28), the
baseline MLR in 142 HCC patients following sorafenib therapy
was significantly related to OS (HR: 0.445, 95% CI: 0.301–0.658,
P = 0.0001) and PFS (HR: 0.457, 95% CI: 0.308–0.678, P =

0.0001). Conroy (24) also showed a significant predictive effect
for the LMR [LMR < 3: HR 1.45 (1.02–2.06)] that cannot
be combined analyzed with Zhu’s data. Yuan’s (25) research
showed that patients with a lower peripheral neutrophil count
have a longer median OS time [11.5 vs. 5.0 months; 1.796
(1.085–2.973), P = 0.023]. Miyahara et al. (29) found that
high levels of Ang-2, G-CSF, HGF, and leptin may predict
shorter progression-free survival with HRs of 2.51, 6.89, 2.55,
and 4.14, respectively. Goyal et al. (31) showed that a shorter
TTP was associated with higher IL-10 and a lower CD56 Bright
NK lymphocyte fraction, higher plasma IL-8, and sMET (P <

0.05). Cho et al. (32) reported on 34 advanced HCC patients
with HBV history treated with sorafenib and found that a
poor PFS correlated with a higher pretreatment serum IL-
17A level that was identified as a significant prediction factor
(IL-17A > 1.94 pg/mL; HR = 19.96; 95% CI = 3.32–119.86;
P= 0.001).

Publication Bias
As shown in Figure S1, the publication bias was analyzed. We
did not conduct the funnel plot in the PLR group because only

three studies were included. Asymmetric maps in the NLR group
showed potential publication bias. However, since there were
only 11 studies included, the meaning of the funnel plot may
be limited.

DISCUSSION

Recently, several meta-analysis studies reported the prognostic
role of NLR or PLR in HCC patients undergoing liver
transplantation or hepatectomy (34–36). Lai et al. analyzed
the prognostic effect of PLR on HCC patients following liver
transplantation and concluded that high pre-transplant PLR
values were connected with an increased risk of post-operative
HCC recurrence (7). However, in the study by Zheng et al.
(10), the subgroup analysis according to the treatment showed
that NLR had no significant prognostic effect on sorafenib in
the treatment of liver cancer. It is necessary to reconsider this
opinion, however, since there were too few studies involved to
draw this conclusion.

As far as we know, there is no specific study on the
prognostic effect of NLR and PLR on sorafenib that has been
retrieved. Therefore, we conducted this study which is the first
meta-analysis of the association between baseline blood NLR
and clinical outcomes of advanced HCC patients following
sorafenib treatment. In the present research, we comprehensively
analyzed 18 studies with a total of 2,745 patients. The pooled
result showed that the synthesized HR favored patients with
low pretreatment NLR, and also indicated that the HCC
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TABLE 2 | Subgroup analysis of the correlation between inflammatory index and survival outcome was was conducted according to different influencing factors and

parameters, such as study design, research area, sample size, age, inflammatory index cut off value, and follow-up time, etc.

Variables No of studies No of patients Test of association Test of heterogeneity

HR 95% CI P-value I2 (%) P-value

Overall Survival

Total 11 2,324 1.76 [1.44, 2.15] P < 0.00001 68 P = 0.0006

Study Design

Prospective 2 540 1.23 [1.12, 1.35] P < 0.00001 20 P = 0.26

Retrospective 9 1,784 1.83 [1.58, 2.11] P < 0.00001 18 P = 0.28

Research Region

Asia 2 105 2.98 [1.88, 4.73] P < 0.00001 0 P = 0.87

Europe and America 7 950 1.65 [1.41, 1.93] P < 0.00001 0 P = 0.73

Multicentre 2 1,269 1.56 [0.90, 2.69] P = 0.11 87 P = 0.005

Sample Size

>100 7 2,065 1.6 [1.31, 1.96] P < 0.00001 66 P = 0.007

≤100 4 259 2.18 [1.62, 2.93] P < 0.00001 21 P = 0.28

Median/Average Age (Years)

> 60 7 2,058 1.55 [1.28, 1.86] P < 0.00001 60% P = 0.02

≤ 60 3 210 2.42 [1.76, 3.34] P < 0.00001 0% P = 0.47

NLR Cutoff

≥ 2 2 596 1.34 [0.99, 1.82] P = 0.06 I² = 53% P = 0.15

≥ 3 6 1,357 1.88 [1.47, 2.39] P < 0.00001 I² = 41% P = 0.13

≥4 3 371 1.83 [1.43, 2.35] P < 0.00001 I² = 0% P = 0.47

Follow-Up Period (Months)

> 12 3 283 1.94 [1.35, 2.79] P = 0.0003 41 P = 0.19

≤ 12 5 937 1.68 [1.25, 2.25] P = 0.0005 72 P = 0.007

NR 3 1,114 1.76 [1.20, 2.58] P = 0.004 55 P = 0.11

Study Quality

> 7 8 1,876 1.84 [1.41, 2.40] P < 0.00001 74 P = 0.0003

≤ 7 3 448 1.56 [1.25, 1.95] P <0.0001 21 P = 0.28

Publication Year

Before year 2016 4 266 2.41 [1.79, 3.25] P < 0.00001 0 P = 0.68

After year 2016 7 2,058 1.55 [1.28, 1.86] P < 0.00001 60 P = 0.02

Initial Inclusion Period

Before year 2010 8 2,168 1.59 [1.32, 1.91] P < 0.00001 61 P = 0.01

After year 2010 3 161 2.81 [1.88, 4.19] P < 0.00001 0 P = 0.87

Treatment Regimen

Sorafenib 9 1,807 1.69 [1.38, 2.08] P < 0.00001 66 P = 0.003

Combined with Sorafenib 1 40 3.07 [1.70, 5.55] P = 0.0002 – –

Tivantinib 1 65 1.58 [1.01, 2.47] P = 0.05 – –

patients with a lower pretreatment NLR might have a better
response to sorafenib than those with higher NLR [HR =

1.76,95% CI (1.44, 2.15), P < 0.00001, I² = 68%]. In the
research region subgroup, the result of the subgroup analysis
indicated that individuals with different genetic backgrounds
play a prominent role in the source of heterogeneity, which
influenced the significance of heterogeneity in subgroups of
sample size, age, follow-up time, and study quality. Interestingly,
the predictive effect on OS was more pronounced as the NLR
cutoff value increased. When the cutoff value of NLR is 2, the
prognosis of the two groups cannot be distinguished, suggesting
that 2 is not an optimal cutoff value, while when the cutoff

value is set at 3, the prognosis of the two groups can be
significantly distinguished, indicating that 3 is the minimum
cutoff value for NLR to play a prognostic role. Notably,
significant predictive effect of NLR on the clinical outcome
was detected in HCC patients treated with sorafenib rather
than tivantinib.

Above all, NLR and PLR may be promising and reliable
biomarkers for HCC patients and clinical practitioners to
make treatment decisions. decisions. Mechanically, elevated
neutrophils reflect the response to the system inflammation
that related to the increasing tumor burden (37, 38), while
lymphocytes induce an antitumor effect and mediating immune
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function (39). It’s reported that 90% of HCCs arise in the context
of hepatic injury and inflammation (40). Therefore, NLR could
be an easy and effective biomarker that represents systemic
inflammation responses to HCC.

In the present study, we also summarized that some blood
inflammatory cytokines also have prognostic effects, which are
also related to the inflammatory immune response in the process
of tumor formation. Tumor development depends to a large
extent on various types of immune cells and immunologically
active molecules such as programmed death 1/programmed
death ligand 1 (PD-1/PD-L1) in the tumor microenvironment
(41). IL-6, IL-10, TNF-α (tumor necrosis factor-alpha), and other
pro-inflammatory factors mobilize and recruit MDSCs (myeloid-
derived suppressor cells), T cells, and macrophages, thereby
amplifying the pro-inflammatory response and contributing
to the formation of a heterogeneous population of cells. A
number of studies have shown that chronic inflammation plays
a decisive role in the formation and development of digestive
tract tumors, such as Helicobacter pylori-associated gastric
cancer, colitis-associated colon cancer, hepatitis B, hepatitis
C-related liver cancer, etc., providing important evidence for
inflammation-induced tumors (42–44). IL-6 has been shown
to be involved in the pathogenesis of various tumors (45).
MDSC-derived IL-6 can cause dysfunction of CD4+ T cells,
reducing the production of interferon gamma (IFN-γ) and
resulting in the loss of the ability to attack tumor cells in the
subsequent effect phase, which also influences the expression
of PD-1/PD-L1 (46, 47). Nagai et al. (48) evaluated the
change in cytokines of 57 HCC patients treated by sorafenib,
and reported that sorafenib increased the blood TNF-α levels
and decreased sFas expression, which might promote TNF-
or Fas-related apoptosis at doses ≥400 mg/day. Meanwhile,
a significant increase in Teff proliferation was seen in the
low dose group with elimination of Treg suppression and
increased secretion of IL2 and IL6, which may promote immune
responsiveness in HCC patients (49). Therefore, inflammation
involved in the formation of HCC may be one of the reasons
for its promising prognostic effect. We also attempted to do
a subgroup analysis of etiology to detect whether there is a
difference of inflammation biomarker in prognosis between
viral hepatitis and non-virus etiology. Unfortunately, it cannot
be conducted as each study included patients with all kinds
of causes.

Although our research implemented strict following of the
protocol and inclusion criteria, there are still some limitations.
Firstly, the current research mainly analyzed the prognosis
effects of NLR and PLR on the OS of advanced HCC patients
following treatment with sorafenib, while PFS, RFS, or other
clinical outcomes were not evaluated due to the unavailability
of data in the included studies. Secondly, in the subgroup
analysis, it can be seen that different ethnic groups have a greater
impact on the consistency of the research results. This may
also be due to the fact that most of the HCC populations in
Asia are caused by viral infection, while non-viral background

HCC occurs predominantly in Europe and the United States.
Thirdly, the sample size was small for the meta-analysis of
the prognostic value of PLR on molecular targeted drugs for
the treatment of HCC. The included studies were scaled low
risk of bias according to the NOS. However, we synthesized
the studies and potential publication bias shown in the NLR
analysis. Therefore, cautious interpretation is needed. Above
all, large-scale prospective studies are encouraged to confirm
our findings.

CONCLUSION

In conclusion, the present study reported a promising prognostic
biomarker for advanced HCC patients following sorafenib
treatment, and notably indicated that advanced HCC patients
with a lower baseline NLR and PLR may have a better
response to sorafenib than those with higher ones. These
biomarkers may be explored as one of the assistant tools for
clinicians in decision-making of treatment plans. Subgroup
analysis showed different genetic backgrounds played a key role
in the source of heterogeneity and the prognostic effect was
more obvious as the NLR cutoff value increased. Therefore,
further large-scale clinical trials to determine the optimal cutoff
value for each inflammatory related marker and analysis of
their prognostic effectiveness in HCC patients with different
infectious virus backgrounds, which is important for identifying
the dominant populations for molecular targeted medicine,
is encouraged.
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Global surveillance of trends in cancer survival 2000-14 (CONCORD-3):
analysis of individual records for 37 513 025 patients diagnosed with one of 18
cancers from 322 population-based registries in 71 countries. Lancet. (2018)
6736:33326–3. doi: 10.1016/S0140-6736(17)33326-3

3. Ohtani H. Focus on TILs: prognostic significance of tumor infiltrating
lymphocytes in human colorectal cancer. Cancer Immun. (2007) 7:4.

4. Wang L, Simons DL, Lu X, Tu TY, Solomon S, Wang R, et al. Connecting
blood and intratumoral Treg cell activity in predicting future relapse in breast
cancer. Nat Immunol. (2019) 20:1220–30. doi: 10.1038/s41590-019-0429-7

5. Mei Z, Liu Y, Liu C, Cui A, Liang Z, Wang G, et al. Tumour-infiltrating
inflammation and prognosis in colorectal cancer: systematic review and
meta-analysis. Br J Cancer. (2014) 110:1595–605. doi: 10.1038/bjc.2014.46

6. Min GT, Li YM, Yao N, Wang J, Wang HP, Chen W. The pretreatment
neutrophil-lymphocyte ratio may predict prognosis of patients with liver
cancer: a systematic review and meta-analysis. Clin Trans. (2018) 32:e13151.
doi: 10.1111/ctr.13151

7. Lai Q, Melandro F, Larghi Laureiro Z, Giovanardi F, Ginanni Corradini S,
Ferri F, et al. Platelet-to-lymphocyte ratio in the setting of liver transplantation
for hepatocellular cancer: a systematic review and meta-analysis. World J

Gastroenterol. (2018) 24:1658–65. doi: 10.3748/wjg.v24.i15.1658
8. MaW, Zhang P, Qi J, Gu L, ZangM, YaoH, et al. Prognostic value of platelet to

lymphocyte ratio in hepatocellular carcinoma: a meta-analysis. Sci Rep. (2016)
6:35378. doi: 10.1038/srep35378

9. Hu DH, Yu SM. Association between platelet to lymphocyte ratio (PLR) and
overall survival (OS) of hepatocellular carcinoma (HCC): a meta-analysis. Cell
Mol Biol. (2017) 63:30–2. doi: 10.14715/cmb/2017.63.8.7

10. Zheng J, Cai J, Li H, Zeng K, He L, Fu H, et al. Neutrophil to lymphocyte ratio
and platelet to lymphocyte ratio as prognostic predictors for hepatocellular
carcinoma patients with various treatments: a meta-analysis and systematic
review. Cell Physiol Biochem. (2017) 44:967–81. doi: 10.1159/000485396

11. Qi X, Li J, Deng H, Li H, Su C, Guo X. Neutrophil-to-lymphocyte ratio for
the prognostic assessment of hepatocellular carcinoma: a systematic review
and meta-analysis of observational studies. Oncotarget. (2016) 7:45283–301.
doi: 10.18632/oncotarget.9942

12. Peto R. Experimental survival curves for interval-censored data. Appl Stat.
(1973) 22:86. doi: 10.2307/2346307

13. Hayden JA, Côté P, Bombardier C. Evaluation of the quality of prognosis
studies in systematic reviews. Ann Intern Med. (2006) 144:427–37.
doi: 10.7326/0003-4819-144-6-200603210-00010

14. Stang A. Critical evaluation of the Newcastle-Ottawa scale for the assessment
of the quality of nonrandomized studies in metaanalyses. Eur J Epidemiol.

(2010) 25:603–5. doi: 10.1007/s10654-010-9491-z
15. Wells GA, Shea B, O’Connell D, Peterson J, Welch V, Losos M, et al. The

Newcastle-Ottawa Scale (NOS) for Assessing the Quality If Nonrandomized

Studies in Meta-Analyses. Available online at: http://www.ohri.ca/programs/
clinical_epidemiology/oxford.htm (accessed Janurary, 2019).

16. Afshar M, Fletcher P, Bardoli AD, Ma YT, Punia P. Non-secretion of AFP
and neutrophil lymphocyte ratio as predictors for survival in hepatocellular
carcinoma patients treated with sorafenib: a large UK cohort. Oncotarget.
(2018) 9:16988–95. doi: 10.18632/oncotarget.24769

17. Bruix J, Cheng AL, Meinhardt G, Nakajima K, De Sanctis Y, Llovet J.
Prognostic factors and predictors of sorafenib benefit in patients with
hepatocellular carcinoma: Analysis of two phase III studies. J Hepatol. (2017)
67:999–1008. doi: 10.1016/j.jhep.2017.06.026

18. Casadei Gardini A, Scarpi E, Faloppi L, Scartozzi M, Silvestris N,
Santini D, et al. Immune inflammation indicators and implication
for immune modulation strategies in advanced hepatocellular
carcinoma patients receiving sorafenib. Oncotarget. (2016) 7:67142–9.
doi: 10.18632/oncotarget.11565

19. Diaz-Beveridge R, Bruixola G, Lorente D, Caballero J, Rodrigo E, Segura
Á, et al. An internally validated new clinical and inflammation-based

prognostic score for patients with advanced hepatocellular carcinoma
treated with sorafenib. Clin Transl Oncol. (2018) 20:322–9.
doi: 10.1007/s12094-017-1720-4

20. da Fonseca LG, Barroso-Sousa R, Bento Ada S, Blanco BP, Valente GL, Pfiffer
TE, et al. Pre-treatment neutrophil-to-lymphocyte ratio affects survival in
patients with advanced hepatocellular carcinoma treated with sorafenib.Med

Oncol. (2014) 31:264. doi: 10.1007/s12032-014-0264-5
21. Howell J, Pinato DJ, Ramaswami R, Arizumi T, Ferrari C, Gibbin A, et al.

Integration of the cancer-related inflammatory response as a stratifying
biomarker of survival in hepatocellular carcinoma treated with sorafenib.
Oncotarget. (2017) 8:36161–70. doi: 10.18632/oncotarget.15322

22. Lué A, Serrano MT, Bustamante FJ, Iñarrairaegui M, Arenas JI, Testillano M,
et al. Neutrophil-to-lymphocyte ratio predicts survival in European patients
with hepatocellular carcinoma administered sorafenib. Oncotarget. (2017)
8:103077–86. doi: 10.18632/oncotarget.21528

23. Personeni N, Giordano L, Abbadessa G, Porta C, Borbath I, Daniele B, et al.
Prognostic value of the neutrophil-to-lymphocyte ratio in the ARQ 197-215
second-line study for advanced hepatocellular carcinoma. Oncotarget. (2017)
8:14408–15. doi: 10.18632/oncotarget.14797

24. Wei K, Wang M, Zhang W, Mu H, Song TQ. Neutrophil–lymphocyte
ratio as a predictor of outcomes for patients with hepatocellular carcinoma
undergoing TAE combined with Sorafenib. Med Oncol. (2014) 31:969.
doi: 10.1007/s12032-014-0969-5

25. Yuan J, Liang H, Li J, Li M, Tang B, Ma H, et al. Peripheral blood neutrophil
count as a prognostic factor for patients with hepatocellular carcinoma treated
with sorafenib.Mol Clin Oncol. (2017) 7:837–42. doi: 10.3892/mco.2017.1416

26. Zhang W, Zhao G, Wei K, Zhang Q, Ma W, Wu Q, et al. Adjuvant sorafenib
therapy in patients with resected hepatocellular carcinoma: evaluation of
predictive factors.Med Oncol. (2015) 32:107. doi: 10.1007/s12032-015-0549-3

27. Zheng YB, Zhao W, Liu B, Lu LG, He X, Huang JW, et al. The blood
neutrophil-to-lymphocyte ratio predicts survival in patients with advanced
hepatocellular carcinoma receiving sorafenib. Asian Pacific J Cancer Prev.
(2013) 14:5527–31. doi: 10.7314/APJCP.2013.14.9.5527

28. Zhu Z, Xu L, Zhuang L, Ning Z, Zhang C, Yan X, et al. Role of
monocyte-to-lymphocyte ratio in predicting sorafenib response in patients
with advanced hepatocellular carcinoma. OncoTargets Ther. (2018) 11:6731–
40. doi: 10.2147/OTT.S173275

29. Miyahara K, Nouso K, Tomoda T, Kobayashi S, Hagihara H, Kuwaki K,
et al. Predicting the treatment effect of sorafenib using serum angiogenesis
markers in patients with hepatocellularcarcinoma. J Gastroenterol Hepatol.
(2011) 26:1604–11. doi: 10.1111/j.1440-1746.2011.06887.x

30. Katayama K, Kiyota R, Imai T, Abe Y, Nawa T, Wada H, et al. Factors affecting
therapeutic effects in 17 patients with advanced hepatocellular carcinoma who
were treated with sorafenib for more than 12 months. Case Rep Oncol. (2018)
11:711–20. doi: 10.1159/000493853

31. Goyal L, Zheng H, Abrams TA, Miksad R, Bullock AJ, Allen JN, et al. A
phase II and biomarker study of sorafenib combined with modified FOLFOX
in patients with advanced hepatocellular carcinoma. Clin Cancer Res. (2019)
25:80–9. doi: 10.1158/1078-0432.CCR-18-0847

32. Cho HJ, Kim SS, Nam JS, Oh MJ, Kang DR, Kim JK, et al. Higher
serum interleukin-17A levels as a potential biomarker for predicting early
disease progression in patients with hepatitis B virusassociated advanced
hepatocellular carcinoma treated with sorafenib. Cytokine. (2017) 95:118–25.
doi: 10.1016/j.cyto.2017.02.020

33. Conroy G, Salleron J, Belle A, Bensenane M, Nani A, Ayav A, et al. The
prognostic value of inflammation-based scores in advanced hepatocellular
carcinoma patients prior to treatment with sorafenib. Oncotarget. (2017)
8:95853-64. doi: 10.18632/oncotarget.21401

34. Xu ZG, Ye CJ, Liu LX, Wu G, Zhao ZX, Wang YZ, et al. The
pretransplant neutrophil-lymphocyte ratio as new prognostic predictor after
livertransplantation for hepatocellular cancer: a systematic review and meta-
analysis. Biomark Med. (2018) 12:189–99. doi: 10.2217/bmm-2017-0307

35. Wang Y, Peng C, Cheng Z, Wang X, Wu L, Li J, et al. The prognostic
significance of preoperative neutrophil-lymphocyte ratio in patients with
hepatocellular carcinoma receiving hepatectomy: A systematic review and
meta-analysis. Int J Surg. (2018) 55:73–80. doi: 10.1016/j.ijsu.2018.05.022

36. Lin WF, Zhong MF, Zhang YR, Wang H, Zhao HT, Cheng BB, et al.
Prognostic role of platelet-to-lymphocyte ratio in hepatocellular carcinoma

Frontiers in Oncology | www.frontiersin.org 9 January 2020 | Volume 9 | Article 1557

https://doi.org/10.3322/caac.21492
https://doi.org/10.1016/S0140-6736(17)33326-3
https://doi.org/10.1038/s41590-019-0429-7
https://doi.org/10.1038/bjc.2014.46
https://doi.org/10.1111/ctr.13151
https://doi.org/10.3748/wjg.v24.i15.1658
https://doi.org/10.1038/srep35378
https://doi.org/10.14715/cmb/2017.63.8.7
https://doi.org/10.1159/000485396
https://doi.org/10.18632/oncotarget.9942
https://doi.org/10.2307/2346307
https://doi.org/10.7326/0003-4819-144-6-200603210-00010
https://doi.org/10.1007/s10654-010-9491-z
http://www.ohri.ca/programs/clinical_epidemiology/oxford.htm
http://www.ohri.ca/programs/clinical_epidemiology/oxford.htm
https://doi.org/10.18632/oncotarget.24769
https://doi.org/10.1016/j.jhep.2017.06.026
https://doi.org/10.18632/oncotarget.11565
https://doi.org/10.1007/s12094-017-1720-4
https://doi.org/10.1007/s12032-014-0264-5
https://doi.org/10.18632/oncotarget.15322
https://doi.org/10.18632/oncotarget.21528
https://doi.org/10.18632/oncotarget.14797
https://doi.org/10.1007/s12032-014-0969-5
https://doi.org/10.3892/mco.2017.1416
https://doi.org/10.1007/s12032-015-0549-3
https://doi.org/10.7314/APJCP.2013.14.9.5527
https://doi.org/10.2147/OTT.S173275
https://doi.org/10.1111/j.1440-1746.2011.06887.x
https://doi.org/10.1159/000493853
https://doi.org/10.1158/1078-0432.CCR-18-0847
https://doi.org/10.1016/j.cyto.2017.02.020
https://doi.org/10.18632/oncotarget.21401
https://doi.org/10.2217/bmm-2017-0307
https://doi.org/10.1016/j.ijsu.2018.05.022
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org
https://www.frontiersin.org/journals/oncology#articles


Liu et al. Inflammatory Markers Predicts Hepatocellular Carcinoma

with differentbclc stages: a systematic review and meta-analysis. Gastroenterol
Res Pract. (2018) 2018:5670949. doi: 10.1155/2018/5670949

37. LuH, OuyangW,Huang C. Inflammation, a key event in cancer development.
Mol Cancer Res. (2006) 4:221–33. doi: 10.1158/1541-7786.MCR-05-0261

38. Mantovani A, Cassatella MA, Costantini C, Jaillon S. Neutrophils in the
activation and regulation of innate and adaptive immunity.Nat Rev Immunol.
(2011) 11:519–31. doi: 10.1038/nri3024

39. Mantovani A, Allavena P, Sica A, Balkwill F. Cancer-related
inflammation. Nature. (2008) 454:436–44. doi: 10.1038/nature
07205

40. Bishayee A. The Inflammation and Liver Cancer. Inflamm Cancer. (2014)
2014:401–35. doi: 10.1007/978-3-0348-0837-8_16

41. Mantovani A. The inflammation-cancer connection. FEBS J. (2018) 285:638–
40. doi: 10.1111/febs.14395

42. Sigal M, Logan CY, Kapalczynska M, Mollenkopf HJ, Berger H, Wiedenmann
B, et al. Stromal R-spondin orchestrates gastric epithelial stem cells and gland
homeostasis. Nature. (2017) 548:451–5. doi: 10.1038/nature23642

43. Huber S, Gagliani N, Zenewicz LA, Huber FJ, Bosurgi L, Hu B, et al. IL-22BP is
regulated by the inflammasome and modulates tumorigenesis in the intestine.
Nature. (2012) 491:259–63. doi: 10.1038/nature11535

44. Hatziapostolou M, Polytarchou C, Aggelidou E, Drakaki A, Poultsides
GA, Jaeger SA, et al. An HNF4α-miRNA inflammatory feedback
circuit regulates hepatocellular oncogenesis. Cell. (2011) 147:1233–47.
doi: 10.1016/j.cell.2011.10.043

45. Tamadaho RSE, Hoerauf A, Layland LE. Immunomodulatory effects of
myeloid-derived suppressor cells in diseases: role in cancer and infections.
Immunobiology. (2018) 223:432–42. doi: 10.1016/j.imbio.2017.07.001

46. Zhan X, Hu S, Wu Y, Li M, Liu T, Ming S, et al. IFN-γ decreased the
suppressive function of CD33+HLA-DRlow myeloid cells through down-
regulation of PD-1/PD-L2 signaling pathway. Mol Immunol. (2018) 94:107–
20. doi: 10.1016/j.molimm.2017.10.009

47. Fisher DT, Appenheimer MM, Evans SS. The two faces of IL-6 in
the tumor microenvironment. Semin Immunol. (2014) 26:38–47.
doi: 10.1016/j.smim.2014.01.008

48. Nagai H, Kanekawa T, Kobayashi K, Mukozu T, Matsui D, Matsui T,
et al. Changes of cytokines in patients with liver cirrhosis and advanced
hepatocellular carcinoma treated by sorafenib. Cancer Chemother Pharmacol.
(2014) 73:223–9. doi: 10.1007/s00280-013-2344-1

49. Cabrera R, Ararat M, Xu Y, Brusko T, Wasserfall C, Atkinson MA, et al.
Immune modulation of effector CD4+ and regulatory T cell function
by sorafenib in patients with hepatocellular carcinoma. Cancer Immunol

Immunother. (2013) 62:8. doi: 10.1007/s00262-012-1380-8

Conflict of Interest: The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be construed as a
potential conflict of interest.

Copyright © 2020 Liu, Gong, Zhang, Cai and Feng. This is an open-access article

distributed under the terms of the Creative Commons Attribution License (CC BY).

The use, distribution or reproduction in other forums is permitted, provided the

original author(s) and the copyright owner(s) are credited and that the original

publication in this journal is cited, in accordance with accepted academic practice.

No use, distribution or reproduction is permitted which does not comply with these

terms.

Frontiers in Oncology | www.frontiersin.org 10 January 2020 | Volume 9 | Article 1557

https://doi.org/10.1155/2018/5670949
https://doi.org/10.1158/1541-7786.MCR-05-0261
https://doi.org/10.1038/nri3024
https://doi.org/10.1038/nature07205
https://doi.org/10.1007/978-3-0348-0837-8_16
https://doi.org/10.1111/febs.14395
https://doi.org/10.1038/nature23642
https://doi.org/10.1038/nature11535
https://doi.org/10.1016/j.cell.2011.10.043
https://doi.org/10.1016/j.imbio.2017.07.001
https://doi.org/10.1016/j.molimm.2017.10.009
https://doi.org/10.1016/j.smim.2014.01.008
https://doi.org/10.1007/s00280-013-2344-1
https://doi.org/10.1007/s00262-012-1380-8
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org
https://www.frontiersin.org/journals/oncology#articles

	Prognostic Roles of Blood Inflammatory Markers in Hepatocellular Carcinoma Patients Taking Sorafenib. A Systematic Review and Meta-Analysis
	Introduction
	Methods
	Search Strategy
	Inclusion and Exclusion Criteria
	Data Extraction (Selection and Coding)
	Risk of Bias (Quality) Assessment
	Strategy for Data Synthesis

	Results
	Characteristics of Included Articles
	Quality (Risk of Bias) Assessment
	NLR and OS
	Subgroup Analysis
	PLR and OS
	Association Between Other Plasma Inflammation Biomarkers and OS
	Publication Bias

	Discussion
	Conclusion
	Data Availability Statement
	Author Contributions
	Funding
	Supplementary Material
	References


