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Background: Hepatitis B virus (HBV) infection represents the major etiology of hepatocellular carcinoma
(HCC) and results in poor outcomes. Accumulating evidence suggests that composite immune cell-based
biomarkers such as neutrophil to lymphocyte ratio (NLR) and platelet to lymphocyte ratio (PLR) have
prognostic value in postoperative HCC patients. However, due to the complexity, differential etiology, and
the presence of variable confounding factors in different studies, the relationship between these markers with
clinical outcomes in HBV-related posthepatectomy HCC is unclear from an immune perspective. Thus, this
meta-analysis was conducted to determine NLR and PLR and assess their relation to overall survival (OS)
and recurrence-free survival (RFS) in patients with post-hepatectomy HCC with HBV infection.

Methods: The databases PubMed, Embase, Scopus, and Cochrane Library were searched using relevant
keywords. We included studies which compared the outcomes of RFS and OS between different levels of
NLR and PLR in HBV-related HCC patients who had undergone hepatectomy. Hazard ratios (HRs) and
their 95% confidence intervals (Cls) were considered as effective measures and were calculated by a pooled
analysis. Evidence supporting the association of neutrophils, platelets, and lymphocytes with HBV infection,
liver injury, and tumor progression in HCC was evaluated.

Results: A total of 11 cohort studies with 5083 patients were included. Elevated NLR was significantly
associated with poor RFS (HR: 1.28, 95% CI: 1.09-1.50, P=0.000) and poor OS (HR: 1.64, 95% CI:
1.32-2.03, P=0.000). Decreased PLR was significantly associated with a low risk of posthepatectomy relapse
(HR: 1.40, 95% CI: 1.28-1.53, P=0.000) and better survival (HR: 1.63, 95% CI: 1.42-1.87, P=0.000). The
subgroup and sensitivity analysis showed consistent and stable results.

Conclusions: Both NLR and PLR can be used as biomarkers for the prediction of RFS and OS in patients
with HBV-associated HCC after hepatectomy.
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Introduction

Hepatocellular carcinoma (HCC) represents the sixth most
common malignancy and the third leading cause of cancer-
related deaths globally (1). Due to the lack of specific
symptoms at early stages, most patients are diagnosed at
an advanced stage. This situation severely limits treatment
options—sometimes to only palliative therapy—and has
led to poor overall survival (OS). However, most early
stage HCC patients could be cured if they have adequate
liver function. Liver resection, liver transplantation, and
radiofrequency ablation (RFA) are the main curative
strategies for this disease. Hepatectomy, often the most
preferred treatment option, is widely offered to early stage
and some middle-stage HCC patients. However, because
of the high risk of progression and lack of satisfactory
adjuvant therapies (2), up to 70% of hepatectomy patients
suffer from cancer relapse within 5 years, resulting in poor
prognosis . Therefore, it is critical to identify potential
biomarkers associated with recurrence and mortality
risk posthepatectomy. Currently, clinicopathologic
characteristics such as tumor size, vascular invasion, and
margin involvement are often used to predict recurrence
and survival outcomes (3).

Cancer-associated infections, especially viral infections
that often cause chronic inflammation, are responsible for
more than 15% of cancer cases worldwide (4). Chronic
inflammatory conditions such as hepatitis contribute
significantly to tumorigenesis, cancer progression, treatment
failure, and recurrence. Unlike in Western countries, in
Asian countries, hepatitis B virus (HBV) infection accounts
for up to 85% of new cases and is the leading cause of HCC
development (5). Therefore, HBV-related HCC biology
and chronic inflammatory conditions directly impact the
clinical outcomes of treatments such as liver resection
and transplantation. A recently published, multicenter,
retrospective study showed that viral status along with other
factors such as tumor size, tumor differentiation, margin
status, vascular invasion, and Child-Pugh score significantly
contributed to long-term survival in hepatectomy patients
with HBV-related HCC (6).

Neutrophil to lymphocyte ratio (NLR) and platelet to
lymphocyte ratio (PLR) are widely accepted inflammatory
and immune biomarkers that often reflect cancer immune
status (7). Previous studies have demonstrated that these
markers could predict cancer recurrence and patient survival
in postoperative gastric cancer (8), breast cancer (9), colorectal
cancer (10), and HCC (11). However, contradictions or
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inconsistencies have resulted from differences in study
design and limited sample sizes. Notably, HCC often has
considerably high heterogeneity and multiple etiologies, such
as hepatitis B/C viral infection and alcohol abuse. Infection
with HBV is the most common etiology in the Asian
population and in high-mortality HCC patients. Therefore,
the prognostic value of these biomarkers for HCC associated
with HBV status is of great interest. Previous studies have
revealed that increased NLR and PLR are associated with
poor outcomes for posthepatectomy HBV-related HCC
patients (12,13). However, according to studies reported by
Li et al. (14) and Rungsakulkij ez a/. (15), there are no obvious
connections between patient outcomes and NLR or PLR
levels.

In addition to collecting and screening previously
published data, we re-explored the predictive values of both
NLR and PLR in hepatectomy HCC patients with HBV
infection. The potential regulatory functions of immune
cells of NLR and PLR including neutrophils, lymphocytes,
and platelets in HBV infection and HCC tumor
progression were characterized. We present the following
article in accordance with the Preferred Reporting Items
for Systematic Reviews and Meta-Analyses (PRISMA)
reporting checklist (available at http://dx.doi.org/10.21037/
ter-20-3125).

Methods
Search strategy and criteria

Published studies potentially related to HCC hepatectomy
and NLR and PLR were extracted from the PubMed,
Embase, Scopus, and Cochrane Library databases in
December 2020. The key words “hepatocellular carcinoma”,
“neutrophil lymphocyte ratio”, “platelet lymphocyte
ratio”, and “hepatectomy” and related abbreviations were
applied for screening and identification of candidate studies
to be included in the meta-analysis. Multiple synonyms
were also utilized. Eligible studies were assessed using the
following criteria: (I) all post-hepatectomy patients had
been diagnosed with HCC by pathological examination; (II)
the association between NLR and RFS/OS and between
PLR and RFS/OS were evaluated; (I1I) the peripheral blood
samples were obtained before surgery. Exclusion criteria
for this meta-analysis were as follows: (I) the study was
not restricted to humans; (II) the published materials were
review articles, case reports, or conference abstracts; (I1I)
studies had insufficient data to calculate a hazard ratio (HR)
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Figure 1 Flow diagram of study selection.

and 95% confidence interval (CI); (VI) studies included
non HVB-related HCC patients. If multiple studies were
reported by the same team from the same institute or were
performed at the same time, only the most recent article
was included.

Date mamlgement and outcome assessment

Available articles were independently selected and reviewed
by 2 authors through abstract and full-text reading. In
the case of disagreement between them, final decisions
were made by a senior author. The HRs and 95% ClIs of
OS and recurrence-free survival (RFS) were collected and
recognized as the effective measurements. We preferentially
extracted the HRs and their 95% Cls calculated by
multivariate analysis to achieve better accuracy.

Quality assessment

The UK Cochrane Centre of Evidence (2009) (16) was used
to estimate the evidence level of the studies. The quality of the
retrospective cohort studies was assessed using the Newcastle-
Ottawa Scale (16). This scale consists of three factors: the
selection of patients, comparability of the study groups, and
assessment of outcome. The maximum total score was 9;
studies with scores >6 were defined as high-quality studies,
and this was a presetting selection criterion in this report.

Statistical analysis

The HRs and associated 95% ClIs were calculated to
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pool the functional outcomes. Statistical heterogeneity
among the studies was assessed using chi-square tests with
the significance set to P<0.05 or I’>50%. A fixed-effects
model was utilized if there was no evident heterogeneity;
otherwise, we selected a random-effects model to minimize
the heterogeneity followed with subgroup and sensitivity
analysis. Funnel plots, Egger’s test, and Begg’s test were
used to examine publication bias. All statistical analyses
were performed using STATA version 14.0 (Stata statistical
software, College Station, TX, USA).

Results
Characteristics of the selected articles

In total, 869 articles were identified from the 4 online
databases, and 492 were removed due to duplication. After
scanning the titles and abstracts, 313 articles were excluded;
of these, 234 were unrelated, 18 were review papers, 14
were case reports, 38 were conference abstracts, and 9 were
experimental studies. According to the above exclusion
criteria, 11 eligible studies were identified and included in
our meta-analysis following confirmation by reviewing the
full text (Figure I). The most common reason for exclusion
was that the studies included non-HBV-related cases (n=26).
A total of 17 studies were excluded because they did not
report the OS or RFS.

Overall, 5083 patients from the 11 retrospective cohort
studies were included in this study (12-15,17-23). The level
of evidence was 2a. There were 10 and 8 studies reporting
the prognostic role of NLR and PLR, respectively, and
6 reported both. The cutoff values of NLR and PLR
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Table 1 characteristics of included studies
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Cohort study Year n(male%) Meanage Region Follow-up (m) NLR cutoff PLR cutoff Endpoints NOS
Fuetal. (12) 2013 282 (88.3) 51.0 China 28.5 1.362 NA RFS, OS 9
Cao et al. (13) 2018 426 (88.7) 53.0 China NA 1.69 114.40 oS 7
Lietal. (14) 2018  475(88.4) 51.2 China 36.4 3.00 150.00 RFS, OS 7
Rungsakulkij et al. (15) 2018 217 (46.1) 56.1 Thailand 35.33 1.77 101.80 RFS, OS 7
Wang et al. (17) 2019 457 (88.0) 51.5 China 38.2 1.91 108.56 RFS, OS 7
Linetal. (18) 2020 380 (87.6) 50.0 China 48.5 2.35 62.5 RFS, OS 7
Kim et al. (19) 2019 420 (79.3) 53.9 Korea 42.0 0.60 NA RFS, OS 8
Dai et al. (20) 2020 302 (88.1) 51.0 China NA 2.50 NA RFS, OS 8
Wang et al. (21) 2020 811 (86.3) 51.9 China 37.0 2.30 108.3 RFS, OS 9
Yang et al. (22) 2020 1174 (88.2) 50.0 China 40.2 NA 150 RFS, OS 9
Luo et al. (23) 2020 139 (88.5) 55.0 China 71.6 2.11 117 0Ss 7

NLR, neutrophil to lymphocyte ratio; PLR, platelet to lymphocyte ratio; RFS, recurrence free survival; OS, overall survival.

were 0.6-3.0 and 62.5-150.0, respectively. Based on the
Newecastle-Ottawa Scale, all studies received a quality score
of 6-9 (Table 1).

NLR for prediction of posthepatectomy survival

The NLR predicting RFS of HCC patients after surgery was
reported in a total of 8 cohorts with 3,344 patients. According
to the heterogeneity (I'=57.3%, P=0.022), a random-effects
model was used to analyze these data, and we found that an
elevated NLR significantly correlated with poor RFS (HR:
1.28, 95% CI: 1.09-1.50, P=0.000) (Tuble 2, Figure 24).
Similarly, there was a significant correlation between an
elevated NLR and a poor OS in HBV-related HCC patients
who underwent hepatectomy (HR: 1.64, 95% CI: 1.32-2.03,
P=0.000) (Table 2, Figure 2B) according to the pooled analysis
of the 10 cohorts with the random-effects model (I'=67.2%,
P=0.004). Thus, a decreased NLR predicted a better RFS and
OS in posthepatectomy HCC patients with HBV infection.

PLR for prediction of posthepatectomy survival

A pooled analysis of the 6 cohorts with a fixed-effect model
(I’ = 44.0%, P=0.106) showed that an increased PLR was
significantly associated with the high risk of posthepatectomy
relapse (HR: 1.40, 95% CI: 1.28-1.53, P=0.000; Tuble 2,
Figure 2C). Furthermore, analysis of the 6 cohorts with
3051 HBV-infected HCC patients showed that low PLR
was significantly correlated with better OS (HR: 1.63, 95%
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CI: 1.42-1.87, P=0.000; 1able 2, Figure 2D). These findings
indicated that a lower PLR was linked to better outcomes in
HBV-related HCC patients after hepatectomy.

Subgroup analysis of the prognostic value of NLR

Due to obvious heterogeneity among the studies related to
the prognostic role of NLR in HBV-related HCC patients,
we performed a subgroup analysis by area, analysis methods,
and NLR cutoff value. This revealed that elevated NLR was
associated with poor RES in studies performed in China (HR:
1.38, 95% CI: 1.16-1.63, P=0.000). In addition, we found that
increased NLR was an obvious risk factor for tumor recurrence
when pooled analyzed the effective measures which calculated
with multivariate analysis (HR: 1.58, 95% CI: 1.16-2.12,
P=0.002). In the subgroup analysis of cutoff values, a decreased
NLR was associated with better RES in the studies with cutoff
values >2 (HR: 1.41,95% CI: 1.06-1.88, P=0.034; Tible 3).
The other subgroup analysis was performed on those
studies examining NLR prediction of mortality risk. NLR
was significantly associated with poor OS in the studies
from China (HR: 1.79, 95% CI: 1.53-2.10, P=0.000).
The survival prognostic value of NLR was significant,
independent of the analysis method or cutoff value (7zble 4).

Sensitivity and publication bias analysis

We performed a sensitivity analysis with the leave-one-
out method to examine the stability of the pooled analysis
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Table 2 Result of meta-analysis of interested outcomes
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Heterogeneity Publication bias
Outcomes Cohort number Case number HR (95% CI)-Model P "
1°(%) P Egger’s test P Begg’s test P
RFS
NLR 8 3,344 1.28 (1.09-1.50)-random 0.000 57.3 0.022 0.222 0.710
PLR 6 3,515 1.40 (1.28-1.53)-fixed  0.000 44.9 0.106 0.099 0.133
(O]
NLR 10 3,909 1.64 (1.32-2.03)-random 0.000 62.7 0.004 0.798 0.592
PLR 6 3,051 1.63 (1.42-1.87)-fixed  0.000 41.7 0.127 0.950 1.000
NLR, neutrophil to lymphocyte ratio; PLR, platelet to lymphocyte ratio; RFS, recurrence free survival; OS, overall survival.
Study % Study %
D HR(@5%Cl)  Weight D HR (95% Cl)  Weight
i Fuetal (2013) —*é— 1.43 (1.04, 1.97) 12.63
Fu et al (2013) — 1.36 (1.02, 1.81) 13.65 i
1 Cao et al (2017) | —— 262 (1.78,3.85) 11.14
Lietal (2018) B 1.06 (0.79,1.44) 12.89 Lietal (2018) —— 1.85 (0.93, 1.97) 11.35
Rungsakulkij at al (2018) - 1.05 (0.89, 1.23) 19.19 Rungsakulkij at al (2018) - 1.07 (0.82, 1.39) 13.83
Wang et al (2019) —_— 1.42 (1.10, 1.82) 15.05 Wang et al (2019) — 1.71 (1.27, 2.30) 13.09
Lin etal (2019) 4 1.24 (0.94, 1.64) 13.90 Lin et al (2019) — 1.80(1.20,270)10.77
Kim et al (2019) i 0.86 (0.49, 1.52) 6.00 Kim et al (2019) (—‘——E 0.36 (0.08, 1.55) 1.91
. ' Dai et al (2020) —t— 1.91 (1.08, 3.38) 7.75
Dai et al (2020) —_— 1.46 (1.08, 1.98) 12.85 :
: Wang et al (2020) —_— 2.15 (1.45, 3.18) 10.99
Wang et al (2020) I 262(1.35,3.98) 6.47 i
: Luo et al (2020) —_— 2.11(1.09, 4.08) 6.54
Overall (I-squared =57.3%, p = 0.022) <> 1.28 (1.09, 1.50) 100.00 Overall (I-squared = 62.7%, p = 0.004) Q 1.64 (1.32, 2.03) 100.00
NOTE:Weighe b it rlsi : NOTE: Waghs o o afocts aravis :
.2:51 3,56 .0‘85 1 Il.B
Study % Study %
ID HR (95% CI) Weight ID HR (95% CI) Weight
Li et al (2018) —r— 1.41(1.11,1.80) 13.26 Cao et al (2017) ;—H 222 (1.67,2.96) 22.80
Rungsakulkij at al (2018) —_— : 0.91(0.61, 1.34) 5.14 Lietal (2018) —H— 1.71(1.24,236) 17.93
Wang et al (2019) —:—H 1.63(1.29, 2.05) 14.85 Lin et al (2019) ——0—1— 1.40(0.86,2.27) 7.94
Lin et al (2019) ——0—‘5— 1.13(0.80, 1.59) 6.84 Luo et al (2020) 3 1.29 (0.60,2.76) 3.21
Yang et al (2020) ;—0— 1.49 (1.35, 1.79) 40.66 Wang et al (2019) —?—*— 1.79(1.34,283) 13.36
Wang et al (2020) —'—:— 1.30 (1.06, 1.59) 19.26 Yang et al (2020) —'—‘:‘ 1.33(1.05,1.67) 3476
Overall (I-squared = 44.9%, p = 0.106) <> 1,40 (1.28, 1.58) 100.00 Overall (I-squared = 41.7%, p =0.127) @ 1.63(1.42,1.87)  100.00
T : T T T
.488 205 .338 296

Figure 2 Forest plots of the correlation between NLR and PLR in predicting HBV-related HCC patients outcomes. (A) NLR predicts
recurrence risk. (B) NLR predicts survival. (C) PLR predicts relapse risk. (D) PLR predicts mortality risk. NLR, neutrophil to lymphocyte

ratio; PLR, platelet to lymphocyte ratio; HBV, hepatitis B virus; HCC, hepatocellular carcinoma.
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Table 3 Subgroup pooled analysis of the studies related to NLR and tumor recurrence risk
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Heterogeneity
Subgroups Cohort number Case number HR (95%Cl) P
17 (%) P

Area

China 6 2,707 1.38 (1.16-1.63) 0.000 43.7 0.114

Non-China 2 637 1.04 (0.89-1.21) 0.651 0.0 0.514
Analysis method

Univariate 5 2,194 1.14 (0.99-1.30) 0.063 18.1 0.299

Multivariate 3 1,150 1.58 (1.16-2.12) 0.002 57.5 0.095
Cut-off

<2 4 1,569 1.20 (0.98-1.45) 0.106 51.0 0.106

>2 4 1,775 1.41 (1.06-1.88) 0.034 65.5 0.034

Overall 8 3,344 1.28 (1.09-1.50) 0.000 57.3 0.022
NLR, neutrophil to lymphocyte ratio.
Table 4 Subgroup pooled analysis of the studies related to NLR and survival

Heterogeneity
Subgroups Cohort number Case number HR (95% Cl) P
I? (%) P

Area

China 8 3,272 1.79 (1.53-2.10) 0.000 21.8 0.256

Non-China 2 637 0.78 (0.31-2.05) 0.635 51.7 0.150
Analysis method

Univariate 6 1,933 1.43 (1.06-1.92) 0.018 55.6 0.046

Multivariate 4 1,976 1.89 (1.47-2.43) 0.000 53.3 0.092
Cut-off

<2 5 1,082 1.48 (1.02-2.13) 0.037 78.7 0.001

>2 5 2,107 2.11 (1.09-4.08) 0.000 0.0 0.517

Overall 10 3,909 1.64 (1.32-2.03) 0.000 62.7 0.004

NLR, neutrophil to lymphocyte ratio.

results about NLR predictive value. The statistical
significance of the results did not change when any single
study was excluded, which indicated the results of this meta-
analysis were stable and robust (Figure 3).

No evidence of obvious publication bias was detected
according to the results of Egger’s test (P>0.05), Begg’s
test (P>0.05) (Table 2), and the symmetry of funnel plots
(Figure 4).

© Translational Cancer Research. All rights reserved.

Immune cells of NLR, PLR, and functions in HBV-related
HCC

Neutrophils and platelets are involved in the suppression
of immune functions of CD8+ T cells and promote tumor
progression and early angiogenesis by recruiting macrophages
and regulatory T cells (Tregs) (24-32) (Table 5). Therefore,
high neutrophil and platelet counts would directly contribute
to high NLR and PLR. However, different lymphocyte
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Figure 3 Results of the leave-one-out method for the impact
of NLR on outcomes. (A) RFS. (B) OS. NLR, neutrophil to

lymphocyte ratio; RFS, relapse-free survival; OS, overall survival.

types have different immune regulatory functions depending
on the conditions, HBV infection status, and tumor stage.
The CD8+ cell population represents active HBV clearance
and anti-HCC tumor progression (33-37). The CD4+ and
immune-suppressive immune cells such as myeloid-derived
suppressor cells (MDSC) and Tregs often contribute to an
immune-tolerant tumor microenvironment and poor clinical
outcomes in HCC patients (38-42).

Discussion

NLR and PLR are often considered inflammatory markers
and reflect cancer immune status. Inflammation is one of
the hallmarks and driving factors of cancer (43). Tumor
biology, including in HCC, is strongly regulated by multiple

© Translational Cancer Research. All rights reserved.
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cytokines, such as interleukins (ILs), tumor necrosis
factor (TNF), and interferons (INFs), which are secreted
by a variety of inflammatory cells (44). Accordingly, the
proportion of inflammatory cells that reflect cancer features
are commonly considered as outcome predictors.

Inflammation is a critical factor involved in the
pathogenesis of HCC. Numerous studies have reported the
potential prognostic value of NLR and PLR in patients with
postoperative HCC including HBV-related HCC. However,
due to inconsistent results reported in those studies, it
is still necessary to reassess their predictive role in these
patients, especially those with HBV infection. In the present
study, a pooled analysis was performed based on 11 eligible
studies involving 5,083 HBV-infected HCC participants
with initially resectable tumors. It was confirmed that both
increased NLR and PLR significantly predicted poor RES
and OS without obvious publication biases. This result
indicated that the recurrence and mortality risk of HBV-
related HCC patients who undergo tumor resection can
be estimated by NLR and PLR levels. Our results are
consistent with the findings of a previous meta-analysis
indicating that NLR and PLR are reliable prognostic
markers in HCC patients who have received multiple
treatments, including transarterial chemoembolization,
RFA, liver transplantation, and systemic therapies (45).

Several lines of evidence support the concept that HBV
infection—related inflammatory and immune indexes are
tightly associated with HCC tumor progression, recurrence,
and relapse. It has been reported that HBV-DNA and
hepatitis B surface antigen (HBsAg) levels are independent
factors for predicting cancer recurrence in HCC patients
who undergo hepatectomy (46). Moreover, Wang et al.
found that regulating the systemic inflammation status
could overcome postoperative recurrence in patients with
HBV-related HCC (47). Therefore, anti-HBV therapy has
been recommended as an effective treatment option for
preventing HBV-related HCC recurrence (48). However,
one retrospective study found that NLR and PLR partially
reflected HBV-DNA and HBsAg levels in patients with
chronic HBV infection-related diseases; this finding
indicates that NLR and PLR could reflect HBV-induced
chronic inflammation (49).

Neutrophils, as common inflammatory cells, play an
important role in the tumor microenvironment and regulate
the processes involved in immune escape, angiogenesis, and
metastasis, by secreting multiple cytokines, including IL-
8, TNF-a, vascular epidermal growth factor (VEGF), and
matrix metalloproteinase 9 (MMP 9) (50,51). Peripheral
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Figure 4 Funnel plots for assessment of publication bias. (A) RES for NLR. (B) OS for NLR. (C) RFS for PLR. (D) OS for PLR. RFS,
relapse-free survival; NLR, neutrophil to lymphocyte ratio; OS, overall survival; PLR, platelet to lymphocyte ratio.

Table 5 Neutrophil, platelets and immune cells associated with HBV infection, liver injury and HCC progression

Cellular type

Immune regulatory functions Study/Reference
Neutrophil Polarizing pro-tumor N2 phenotype in TGF-beta enriched HCC milieu Suppressing the Cohort study (24)
activation of CD8+ cytotoxic T cells Involving in the early phase of angiogenesis
Promoting HCC progression by recruiting macrophages and Tregs infiltration. Inducing in vivo and in vitro (25)
resistance to sorafenib and angiogenesis via secreting multiple inflammatory cytokines
Platelets Promoting the accumulation of function-inefficient virus-specific CD8+ T-cells. Mediating liver in vitro (26)
injury in status of chronic HBV infection.
Aggravating virus-induced immunopathology liver injury via deriving serotonin. in vivo (27)
Directly binding to tumor cells and lead immune-escape and promoting cancer progression in vivo (28)
Promoting HCC cells survival by cross-talk and secreting serotonin in vivo and in vitro (29)
Stimulating HCC cell proliferation byvia IGF-1, HGF, TGF-beta, VEGF, PDGF-beta In vivo and in vitro (30-32)
Lymphocytes
CcDs8 Clearing HBV and maintain immunological memory to control viral In vitro (33,34)
HBV-specific CD8 T cells responses to immunotherapy for HCC patients In vivo (35,36)
Blocking HCC tumor progression in vivo (37)
CDh4 Indicated a poor survival in HCC patients Cohort studies (38,39)
HBYV viral load regulates the PD-1 expression on CD4 T cells Case-control study (40)
MDSC Involving in liver damage and reflecting systemic inflammation Case-control study (41)
Treg Inhibiting the T cells functions in HCC microenvironment

Cohort study (42)
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neutrophilia and increased neutrophil infiltration in the
HCC tumor mass were found to be independent predictors
of poor prognosis (52,53). Lymphocyte percentage decreases
when NLR or PLR increases. Lymphocytes, especially T
lymphocytes, have been associated with a better prognosis
in patients with postoperative HCC (54,55). It has also been
revealed that tumor-infiltrating lymphocytes regulate IL-17
and INF-y expression, thus contributing to the inhibition of
HCC progression (56).

Platelets are multifunctional cells and are involved
in inflammation and a variety of cancer biology-related
processes. Several cytokines such as insulin-like growth
factor-1 (IGF-1), epidermal growth factor (EGF), hepatocyte
growth factor (HGF), fibroblast growth factor (FGF), VEGE,
and platelet-derived growth factor (PDGF) are secreted by
platelets, which contribute to the promotion of angiogenesis,
immune escape, and metastasis (57-59). According to
retrospective studies in HCC patients, thrombocytosis
is significantly associated with large tumor size, high
a-fetoprotein levels, early extrahepatic metastasis, and poor
OS and RFS (60,61). Similar results were reported by a
recent meta-analysis (62).

In summary, high NLR and PLR may reflect immune
abnormalities in the cancer microenvironment, which have
a negative influence on the outcomes of cancer patients.
In this meta-analysis, we confirmed the prognostic value
of these markers in HBV-related HCC patients who
underwent hepatectomy.

Nevertheless, there were several limitations of this
work that should be considered while interpreting these
findings and applying these results in clinical practice:
firstly, the cutoff values for NLR and PLR ranged widely
among the studies, and further studies are needed to
establish standard and optimal values for clinic practice.
Secondly, most included studies were conducted in China,
which may restrict the application of the findings to other
areas. Thirdly, the HRs and their 95% Cls were extracted
from univariable analysis in several studies, which might
have led to an overestimation of the prognostic value of
these markers. Lastly, all enrolled studies were conducted
retrospectively; therefore, it is necessary to perform large-
sample, well-designed studies to acquire high-quality
evidence.
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