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Abstract

Background Preliminary studies have suggested that soluble programmed death-1 (sPD-1) and soluble programmed cell
death ligand-1 (sPD-L1) have prognostic implications in many malignant tumors. However, the correlation between sPD-1/
sPD-L1 level and prognosis of hepatocellular carcinoma (HCC) is still unclear.

Methods We searched several electronic databases from database inception to October 7, 2021. Meta-analyses were per-
formed separately for overall survival (OS), disease-free survival (DFS), recurrence-free survival (RFS), time to progression
(TTP), and tumor-free survival (TFS). Random effects were introduced to this meta-analysis. The correlation between sPD-1/
sPD-L1 level and prognosis was evaluated using hazard ratios (HRs) with 95% confidence intervals (95%CIs).

Results A total of 11 studies (1291 patients) were incorporated into this meta-analysis, including seven on sPD-L1, two
on sPD-1, and two about both factors. The pooled results showed that high sPD-L1 level was associated with worse OS
(HR =2.46, 95%CI 1.74-3.49, P<0.001; I*’=31.4, P=0.177) and poorer DFS/RFS/TTP/TFS of patients with HCC
(HR=2.22, 95%CI 1.47-3.35, P<0.001; P=66.1, P=0.01 1), irrespective of method of detection, study type, treatment,
cut-off value and follow-up time. In contrast, the level of sPD-1 was not correlated to the OS (HR=1.19, 95%CI 0.55-2.56,
P=0.657) and DFS/TFS of patients with HCC (HR =0.94, 95%CI 0.36-2.49, P=0.906).

Conclusion sPD-L1 rather than sPD-1 could be a good predictor for recurrence and survival after treatment for HCC. More
high-quality prospective studies are warranted to assess the prognostic value of sPD-1 or sPD-L1 for HCC.
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TACE Transcatheter arterial chemoembolization
TFS Tumor-free survival

TTP Time to progression

Introduction

Hepatocellular carcinoma (HCC), the 6th most common
cancer in the world, continues to threaten the health of
people [1]. Currently, there are many treatment options for
HCC, including radical surgical resection, liver transplanta-
tion, transhepatic arterial chemoembolization (TACE), and
ablation. However, the long-term survival rate of patients
is still unsatisfied and the recurrence rate is also high [2].
Therefore, it is imperative to identify novel predictors that
can predict treatment efficacy and help to select the subpopu-
lation of patients who will be most likely benefit from the
treatment methods mentioned above.

Immune-based therapies, such as immune checkpoint
inhibitors (ICIs), have emerged as novel pillars of cancer
therapy [3]. In the study of Tian et al., activated CD4 + type
1 helper T cells played a crucial role in normalizing tumor
vasculature, suggesting a reciprocal regulation of vascular
normalization and immune response [4]. Therefore, combin-
ing programmed cell death-1 (PD-1) blockers with anti-angi-
ogenesis promises to be a novel treatment for HCC [5]. In
addition, antibody-based blockage of inhibitory checkpoint
molecules on cytotoxic T cells, such as PD-1 and cytotoxic

T lymphocyte antigen-4 (CTLA-4), or their counterparts on
antigen-presenting cells (APCs) and tumor cells, such as
programmed cell death ligand-1 (PD-L1), have been shown
to be an effective and well-tolerated treatment option for
many cancers [3].

PD-1 is mainly present on the surface of T cells (CD
4+and CD 8+T cells), but is also expressed on other
immune cells such as B cells, NK cells, and NKT cells [6,
7]. PD-L1 is mainly present on the surface of tumor cells,
APCs, and dendritic cells (DCs) [8, 9]. PD-L1 binding to
PD-1 on the surface of T cells can maintain immune tol-
erance and make tumor cells evade immune surveillance
by blocking PD-1/PD-L1 interaction [10]. Besides, in some
inflammatory responses or immune system diseases, PD-1/
PD-L1 is also altered and plays a valuable role in the devel-
opment of the disease [11, 12]. Recently, PD-1/PD-L1 is
found to have a soluble state, which can be detected by
enzyme-linked immunosorbent assay (ELASA) or other
methods [13].

Soluble programmed cell death-1 (sPD-1) is present
in the circulation, and is produced either by shedding the
membrane form or by alternatively splicing variants. There
are four main distinct forms, and the major role is played
by PD-1 Ax3, which retains the extracellular structural
domain and can encode the soluble form of PD-1 [13].
sPD-1 can bind to PD-L1 competitively on the surface of
tumor cell membranes to promote T cells proliferation and
activation, and plays a role similar to that of PD-L1 mono-
clonal antibody [14]. Similarly, soluble programmed cell
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death ligand-1 (sPD-L1) is thought to be generated primar-
ily from an alternative splicing of PD-L1 pre-mRNA or
protease-produced membrane-bound PD-L1, which exerts
a widespread inhibitory effect by interacting with cell sur-
face receptors such as membrane-bound PD-1 [15, 16]. The
soluble PD-1/PD-L1 strives to strike a balance to maintain
immune homeostasis.

In HCC, the correlation between sPD-1/sPD-L1 level
and prognosis of HCC remains controversial. Finkelmeier
et al. suggested that high sPD-L1 level could be used as a
poor prognostic biomarker of HCC [17], and the conclusion
was confirmed by Chang et al., Mocan et al. and, Itoh et al.
[18-20]. Meanwhile, contradictory results have also been
published. High levels of sPD-L1 were reported to be asso-
ciated with good prognosis of HCC in Sideras’s study [21].
Therefore, whether sPD-L1/sPD-1 plays a part in the prog-
nosis of HCC is worthy of an in-depth study. The purpose of
this meta-analysis is to investigate the value of sPD-1/sPD-
L1 level in predicting the prognosis of HCC after treatment.

@ Springer

Materials and methods
Search strategy

This meta-analysis was carried out according to the stand-
ards set by the preferred reporting items for systematic
reviews and meta-analyses (PRISMA) statement guideline
(supplementary PRISMA Checklist) [22]. We searched Pub-
Med, Embase, Web of Science, and the Cochrane Library
databases from its inception until October 7, 2021, using
the keywords (“hepatocellular carcinoma” OR “hepatocel-
lular, carcinoma” OR “hepatomas” OR “liver carcinoma”
OR “liver cell carcinoma” OR “HCC” OR “liver cancer”)
AND (“soluble programmed cell death-ligand 1” OR “sPD-
L1” OR “soluble programmed cell death 1” OR “sPD-1” OR
“sB7-H1”). The detailed search strategy was described in
supplementary table 1. Additional papers were identified by
a manual search of the references from the eligible articles.
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Fig.3 Funnel plots of sPD-L1 in hepatocellular carcinoma. a Funnel
plots of HR for OS of sPD-L1. b Funnel plots of HR for DFS/RFS/
TTP/TES of sPD-L1. CI, Confidence interval; HR, Hazard ratio; OS,
Overall survival; sPD-LI, Soluble programmed cell death ligand-1;
DFS, Disease-free survival; RFS, Recurrence-free survival; TTP,
Time to progression; TFS, Tumor-free survival

Selection criteria

Studies satisfying the following criteria were included:
(1) all patients were confirmed to have HCC; (2) studies
revealed the expression of sPD-1/sPD-L1 and obtained its
level by assaying; (3) enough data were available to ana-
lyze the relationship between sPD-1/sPD-L1 expression,
clinical characteristics, and the prognostic indexes such as
overall survival (OS), disease-free survival (DFS), recur-
rence-free survival (RFS), time to progression (TTP), and
tumor-free survival (TFS); and (4) studies were published
in English. The exclusion criteria were as follows: (1) case
report, review, meta-analysis, and ongoing research; (2)
animal experiments on HCC and research unrelated to the
sPD-1/sPD-L1; (3) studies provided insufficient information
to assess the relationship between sPD-1/sPD-L1 expres-
sion and prognosis. For re-published studies, only the latest

literature and relevant data can be collected; alternatively,
the study with the largest sample size was selected.

Data extraction and quality assessment

Two investigators (JSX, HL) independently extracted data
from eligible studies. Disagreements were resolved by dis-
cussion and consensus with a third author (GXM). Baseline
characteristics, such as first author, publication year, country,
sample size, outcomes, and clinical features, were extracted
from the included articles. We chose OS and DFS/REFS/TTP/
TFS as our endpoints for meta-analysis. The quality of eli-
gible studies was evaluated by the Newcastle—Ottawa Scale
(NOS) criteria [23].

Statistical methods

The relevant data of most studies can be collected directly.
However, for those studies in which hazard ratios (HRs) and
95% confidence intervals (95%Cls) were not available, we
used Tierney’s method to derive estimates from survival
curves [24]. P <0.05 was considered statistically significant.
The HRs and 95% CIs were combined to evaluate the corre-
lation between sPD-1/sPD-L1 level and prognosis of patients
with HCC. The heterogeneity among studies was evaluated
by Cochran’s Q test and Higgins’ I statistic. I*>50% and
P-value for heterogeneity <0.10 indicated significant hetero-
geneity, and the random-effects model was used for analysis.
Sensitivity analysis was carried out to test the stability and
reliability of the results by removing each study. A subgroup
analysis was also conducted to detect the source of heteroge-
neity. Publication bias among all included studies was tested
using Begg’s funnel plots test and Egger’s test. All data in
this meta-analysis were analyzed using Stata 16.0 software
(College Station).

Results
Literature search

A total of 214 records were identified through initial lit-
erature retrieval. After removing duplicates, 133 records
remained and were screened by titles and abstracts. A total
of 98 studies were excluded, and 35 articles were evaluated
by full-text examination. Subsequently, 24 of 35 articles
were excluded for providing insufficient data (14) and unre-
lated subjects (10). Finally, 11 studies were included in our
meta-analysis, including seven on sPD-L1, two on sPD-1
and two about both factors. A flow diagram of the literature
screening process is shown in Fig. 1.

@ Springer
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Table2 Subgroup meta-

- . Factor No. of study No. of patients HR (95%CI) P-value Heterogeneity
analysis of prognostic role of - -
sPD-L1 for DFS/RFS/TTP/TFS (%) P-value
in HCC after treatment

DFS/RFS/TTP/TFS

Total 6 626 3.19 (1.87-5.45) <0.001 66.1 0.011
Ethnicity

Asian 424 2.70 (1.82-4.00) <0.001 31.7 0.222

Non-Asian 2 202 3.65(0.43-31.10) 0.237 81.7  0.020
Study style

Prospective study 1 121 9.67 (4.33-21.59)  <0.001 / /

Retrospective study 5 505 2.58 (1.76-3.78) <0.001 26.8 0.243
Treatment

Multiple therapies 3 283 3.98 (1.37-11.56) 0.011 69.8 0.036

Monotherapy 343 2.57 (1.58-4.19) <0.001 474 0.149
Method of detection

ELISA 4 397 3.12 (1.29-7.56) 0.012 78.2  0.003

Other methods 2 229 3.38 (2.09-5.46) <0.001 0.0 0.425
Cut-off value of sPD-L1

Less than average 4 397 3.12 (1.29-7.56) 0.012 78.2 0.003

Greater than average 2 229 3.38 (2.09-5.46) <0.001 0.0 0.425
Follow-up times

2 years or longer 2 202 5.83 (2.15-15.76) 0.001 67.2 0.081

Less than 2 years or NR 4 424 2.42 (1.53-3.82) <0.001 36.8 0.191

HCC, Hepatocellular carcinoma; CI, confidence interval; DFS , disease-free survival, HR, hazard ratio;
TTP, time to progression; Ph P value for heterogeneity; RF'S, recurrence-free survival; TFS, tumor-free sur-
vival; sPD-L1I , Soluble programmed cell death ligand-1

Characteristics of included studies

The main characteristics of included studies were summa-
rized in Table 1. The eligible studies were published from
2011 to 2021. Sample sizes ranged from 53 to 229, with a
total number of 1291. The included studies were performed
in seven countries: five in China [19, 25-28], two in Korea
[29, 30], and one each in Romania [18], Germany [17], the
Netherlands [21], and Egypt [31]. A total of nine studies
used enzyme-linked immunosorbent assay (ELISA) to detect
sPD-1/sPD-L1 levels [17, 18, 21, 25-27, 29-31]. One was
analyzed by antibody array assay[19] and the other by flow
cytometric analysis [28]. A total of four studies were pro-
spective studies [17, 18, 30, 31], and six were retrospective
trials [19, 21, 25, 26, 28, 29]. A total of studies explored
the correlation between sPD-L1 levels and OS [17-19, 21,
25, 26, 28, 30, 31]. A total of six studies investigated the
relationship between sPD-L1 levels and DFS/RFS/TTP/TFS
[18, 19, 21, 25, 26, 28, 31]. The cut-off values ranged from
0.0013 ng/ml to 11,200 ng/ml. According to Cox’s method
[32], we removed the maximum and minimum values. The
mean of the remaining data was regarded as the threshold for
subgroup analysis. The average value was 3.0 ng/ml; there-
fore, we used the cut-off value of 3.0 ng/ml for subgroup
analysis. Similarly, four studies explored the correlation

@ Springer

between sPD-1 levels and OS [19, 27-29]. A total of studies
investigated the relationship between sPD-1 levels and DFS/
TFS [19, 28, 29]. NOS scores of included studies ranged
from 4 to 8. A score <5 is considered low quality, and > 5
can be considered high quality (Supplementary Table 3).

Correlation of sPD-L1 with OS and DFS/RFS/TTP/TFS

A total of nine studies, with 979 patients, explored the
prognostic value of sPD-L1 for OS. A random-effects
model was applied. The pooled HR (95%CI) from nine
comparative studies was 2.19 (1.35-3.55, P=0.001), but
the data were heterogeneous (I2 =79.7%, P <0.001; sup-
plementary Fig. 1). We further performed subgroup analy-
sis and sensitivity analysis to explore the source of hetero-
geneity. The subgroup analysis was stratified by ethnicity,
study type, detection methods, treatment, cut-off value
of sPD-L1, and follow-up time (supplementary Table 2).
By sensitivity analysis and publication bias (supplemen-
tary Fig. 2 and 3), we found that Sideras’s study may be
the source of heterogeneity. After excluding Sideras’s
study, pooled results showed that high sPD-L1 level was
associated with worse OS (HR =2.68, 95%CI 2.05-3.50,
P<0.001; I*’=31.4%, P=0.177; Fig. 2a). A funnel plot
was shown in Fig. 3a and no bias was observed. Therefore,
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Fig.4 Forest plot of sPD-1 in hepatocellular carcinoma. a Forest
plot of sPD-1 and OS in hepatocellular carcinoma. b Forest plot of
sPD-1 and DFS/TES in hepatocellular carcinoma. CI, Confidence
interval; HR, Hazard ratio; OS, Overall survival; sPD-LI, Soluble

we can conclude with certainty that high sPD-L1 level
was significantly related to worse OS of HCC. The same
results were obtained in a pan-cancer analysis in prior
meta-analyses [33, 34].

Similarly, a total of six studies, with 626 patients,
explored the prognostic value of sPD-L1 for DFS/RFS/
TTP/TFS. A random-effects model was applied. The
pooled HR (95% CI) from six comparative studies was
3.19 (1.87-5.45, P<0.001), but the data were heteroge-
neous (I>=66.1%, P=0.011; Fig. 2b). A funnel plot was
shown in Fig. 3b. We further explored the heterogene-
ity through subgroup analysis. In subgroup analysis, high
sPD-L1 levels were associated with poorer DFS/RFS/
TTP/TES of Asian patients with HCC (HR =2.70, 95% CI
1.82-4.00, P <0.001), but not associated with that of non-
Asian patients (HR =3.65, 95% CI 0.43-31.10, P=0.237).
Moreover, high sPD-L1 level was consistently correlated
with poor DFS/RFS/TTP/TFS of HCC, irrespective of
method of detection, study type, treatment, greater or less
than average value of cut-off, and follow-up time (Table 2).

High sPD-1 level 8

programmed cell death ligand-1; DFS, Disease-free survival; RFS,
Recurrence-free survival; 77P, Time to progression; TFS, Tumor-free
survival

Correlation of sPD-1 with OS and DFS/TFS

In the studies of sPD-1, a total of four articles were
included for analysis. According to the pooled results, it
was concluded that the level of sPD-1 was not correlated
to the OS and DFS/TFS of patients with HCC (HR=1.19,
95% CI 0.55-2.56, P=0.657, Fig. 4a; HR =0.94, 95% CI
0.36-2.49, P=0.906, Fig. 4b).

Sensitivity analysis and publication bias

Sensitivity analysis was performed to estimate the stability
of sPD-L1 for predicting OS and DFS/RFS/TTP/TFS. No
significant differences beyond the limits of 95% CI of com-
bined results were found (Fig. 5a, b). Potential publication
bias in this meta-analysis was evaluated using Begg’s test
and Egger’s linear regression test. No evidence for appar-
ent publication bias for the analysis between sPD-L1 and
OS was found (Begg’s test: P=0.063, Fig. 6a; Egger’s
test: P=0.068, Fig. 6b). Likewise, no apparent publication
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Fig.5 Sensitivity analysis of this meta-analysis. a Sensitivity analysis
of OS. b Sensitivity analysis of DFS/RFS/TTP/TFS. CI, Confidence
interval, HR, Hazard ratio; OS, Overall survival, sPD-LI, Soluble
programmed cell death ligand-1; DFS, Disease-free survival; RFS,
Recurrence-free survival; TTP, Time to progression; TFS, Tumor-free
survival

bias was found for DFS/RFS/TTP/TFS analysis (Begg’s
test: P=1.000; Fig. 6¢c Egger’s test: P=0.231, Fig. 6d).

Discussion

The discovery of PD-1/PD-L1 has been a major break-
through in immuno-oncology in the last decade. PD-1,
including an immunoreceptor tyrosine-based inhibitory
motif and an immunoreceptor tyrosine-based switch motif
(ITSM), ligates with PD-L1 to cause phosphorylation of
tyrosines within these motifs, which leads to the inacti-
vation of downstream molecules such as phospholipase
C-y2 (PLCy2), phosphatidylinositol 3 kinase (PI3K) and
extracellular-signal-regulated kinase (ERK) in B cells
and related kinases in T cells. In a soluble state, sPD-1
and sPD-L1 had been confirmed to have a proportional
relationship, and played a specific role in the immune
regulation and development of HCC [7, 35]. Zeng et al.
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concluded that upregulation of circulating PD-1/PD-L1
could serve as novel valid immunological markers in pre-
dicting disease progression of HCC after cryoablation
treatment [28]. The possible reason might be that the body
produced substantial sSPD-1/sPD-L1 in order to maintain
peripheral self-tolerance and immune evasion, which may
shift immune balance and predict worse prognosis [14].

Elevated levels of sPD-L1 have been correlated with
worse prognosis of several cancers and have displayed a
persistent outlook [27, 28], however, it should be noted
that different types of tumor may have enormously differ-
ent immunobiology. Previous studies have demonstrated
that elevated levels of sPD-L1 in different types of cancer
can predict the effects of various therapies, such as surgery,
chemotherapy, radiotherapy, and immunotherapy [20, 30,
36-38]. In contrast, the levels of sPD-1 are inconsistent in
their predictive and prognostic ability, and the prognostic
value of sPD-1 remains controversial [19, 27, 28, 39]. In this
study, we also found that sPD-L1 rather than sPD-1 could
be a good predictor for recurrence and survival after HCC
treatment. There is currently no clinically accepted method
for sPD-1/sPD-L1 measurement. In most included studies,
ELASA was widely used for the detection of sPD-1/sPD-L1.
Although flow cytometric analysis and antibody array assay
were also used to detect the level of sSPD-1/sPD-L1, the lev-
els of sPD-1/sPD-L1 measured were significantly different
among them [19, 21, 28]. ELASA seems to be more promis-
ing due to high sensitivity and specificity, however, the cut-
off values of sPD-1/sPD-L1 measured in different studies are
highly variable, and some form of cross-assay comparison
and validation is still necessary [40]. Therefore, a reliable
sPD-1/sPD-L1 detection method is urgently needed.

Mechanically, sPD-L1 is able to diminish cell cycle pro-
tein cyclin A and cell survival signaling molecules phos-
phorylated-ERK (p-ERK) and p-Akt, reducing adenosine
triphosphate production, and attenuating the respiratory
capacity of T cells. The respiratory capacity is a major fac-
tor regulating the memory development of CD8 T cells and
associated with improved T-cell longevity and supports anti-
gen-specific T-cell activation [41]. sPD-L1 can bind to PD-1
on the surface of T cells and inhibit their anti-tumor func-
tion, inducing T cells apoptosis and allowing tumor cells
to evade immunity [13]. In addition, sPD-L1 is structurally
similar to PD-L1, which binds to PD-L1 monoclonal anti-
bodies, rendering them ineffective and clinically manifest-
ing as PD-1/PD-L1 monoclonal resistance [14]. However,
Sideras et al. described that high levels of circulating PD-L1
were associated with delayed relapse and better survival in
patients with HCC. PD-L1 is not only produced by tumor
cells but also by other cells in the body, such as DCs and
macrophages, and differences regarding the inclusion of
national populations and geographic regions may be also
among the sources of their different results [9, 42].
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Fig.6 Assessment of publication bias for this meta-analysis using
Begg’s test and Egger’s test. a Begg’s test for OS, P=0.063. b Egg-
er’s test for OS, P=0.068. ¢ Begg’s test for DFS/RFS/TTP/TFS,
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In some animal studies, sSPD-1 had been used as a vector
to combine with tumor virus vaccines or other cytokines,
including interferon(IFN)-a, IFN-A, interleukin(IL)-2, IL-7,
IL-12, IL-15, IL-21, and granulocyte—macrophage colony-
stimulating factor (GM-CDF), for the treatment of several
malignancies, even if efficacy was modest [43—45]. sPD-1
expressing senescent tumor cell vaccine delayed tumorigen-
esis and inhibited tumor growth in a triple-negative breast
cancer mouse model [46]. However, the value of sPD-1 in
clinical studies still remains controversial. Vajavaara et al.
also found that high sPD-1 level before treatment was corre-
lated with the quantities of tumor-infiltrating PD-1+T cells,
and predicted poor outcomes in patients with high-risk dif-
fuse large B-Cell lymphoma [47].

In contrast, in the study of Chang et al., a different result
was obtained that high sPD-1 level was associated with bet-
ter OS and DFS in HCC [19]. The effect of sPD-1 is known
as anti-PD-1-like or anti-PD-L1 monoclonal antibody [48,
49]. On the one hand, sPD-1 can bind to PD-1 receptors on
the surface of tumor cells, affecting the binding of PD-1 on
the surface of CD4 4T cells and inhibiting signal transmis-
sion, thus allowing CD4 + T cells to perform their normal
immune function. On the other hand, sPD-1 may interfere

T T

o
w-
.|

2
precision

In of HR; s.e. standard error, OS, Overall survival, DFS, Disease-free
survival; RFS, Recurrence-free survival, 7TP, Time to progression;
TFS, Tumor-free survival

with circulating PD-L1, thereby reducing its inhibitory effect
and enhancing the potency of anti-PD-1 monoclonal anti-
bodies [50]. In addition, the receptor is also present on the
surface of DC cells. sPD-1 binding to it may promote the
maturation of DC cells by upregulating B7-2 and CD40 co-
stimulatory molecules, thus exerting an indirect anti-tumor
effect [51, 52]. However, in our analysis, the pooled results
showed no significant correlation between sPD-1 level and
prognosis of patients with HCC, and these non-significant
results were driven by only one study from Chang’s. The
prognostic value of sPD-1 may be clarified when more
investigations are carried out. Therefore, more high-quality
prospective studies are warranted to explore the prognostic
value of sPD-1 in HCC.

In the present analysis, we have certain limitations. First,
the disease stage and the cut-off values of sPD-1/sPD-L1
for HCC in the included studies were different, which may
be sources of heterogeneity [53]. Significantly, the cut-off
values of sPD-1/sPD-L1 ranged from 0.0013 to 11,200 ng/
ml. The range of cut-off values was relatively large and the
rational method had been taken to resolve it. Second, studies
on sPD-1/sPD-L1 could not reach a large sample size in the
included articles. Sample sizes only ranged from 53 to 229,
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with a total number of 1291. Third, there were different eti-
ologies regarding the causes of HCC, including HBV infec-
tion, HCV infection, and alcoholic liver disease. Fourth, the
numbers of included studies for DFS, RFS, TTP, and TFS
were relatively small. In addition, there were also significant
differences in treatment, including curative resection, liver
transplantation, radiation therapy, and ablation, etc.

Conclusions

In summary, we concluded that sPD-L1 rather than sPD-1
could be a good predictor for recurrence and survival after
HCC treatment. A reliable sPD-1/sPD-L1 detection method
is urgently needed, and more high-quality prospective stud-
ies are warranted to assess the prognostic value of sPD-1 or
sPD-L1 for HCC.
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