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ABSTRACT

Background and Aims: There are still no useful biomarkers for the prognosis of esophageal squamous cell carcinoma (ESCC).
In the prognosis of some kinds of cancer, soluble programmed death 1 (sPD-1) and programmed death ligand 1 (sPD-L1) have
demonstrated statistical significance, but the prognostic value of serum sPD-L1 and sPD-1 remains unclear in ESCC.
Methods: Here, a meta-analysis was performed to estimate the prognostic value of sPD-L1 and sPD-1 in ESCC. To obtain eligible
studies, we searched mainstream databases (PubMed, Cochrane, Embase, Web of Science, Wanfang Data, and CNKI), and the survival
data including hazard ratios (HR) and its 95% confidence intervals (95% CI) from included literature were extracted.

Results: Six articles were included, including 645 patients with ESCC. The statistical result of this meta-analysis indicated that
serum sPD-1 had no significant correlation with overall survival (OS) of patients with ESCC (p > 0.05). Patients with ESCC with
high concentrations of serum sPD-L1 demonstrated a significantly poor prognosis (HR =1.73, 95% CIL: 1.42-2.11, p < 0.001).
Conclusion: Higher levels of serum sPD-L1 may predict poor OS in ESCC patients, which may be a promising and credible
prognostic biomarker for esophageal cancer.

1 | Introduction pathological types of EC with the former accounting for

approximately 90% of the global pathological types.

Esophageal cancer (EC) is the fourth leading cancer-related
cause of death in China [1], and ranks sixth among cancer-
related deaths worldwide [2]. Squamous cell carcinoma
(ESCC) and adenocarcinoma (EA) are two principal

Although the main treatment of EC uses multidisciplinary
treatment, including chemotherapy, surgery, and radio-
therapy, the 5-year survival rate of EC is only about 29.7%
[3-5]. To improve the overall survival (OS) of patients with

Abbreviations: 95% CI, 95% confidence interval; ELISA, enzyme-linked immunosorbent assay; ESCC, esophageal squamous cell carcinoma; HR, hazard ratios; NOS, Newcastle-Ottawa Quality
Assessment Scale; OS, overall survival; PD-1, programmed cell death 1; PD-L1, programmed cell death ligand 1; sPD-1, soluble programmed cell death 1; sPD-L1, soluble programmed cell death
ligand 1.
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ESCC and to assist in choosing the most treatment strategy,
it is imperative to identify credible biomarkers.

The immune escape mechanism mediated by programmed cell
death 1 (PD-1) and programmed cell death ligand 1 (PD-L1)
pathways, plays an important role in the occurrence develop-
ment, and metastasis of various tumors [6]. PD-1 and PD-L1
exist in two forms: soluble and membrane-bound forms.
Numerous studies have demonstrated that the expression level
of PD-L1 in tumor tissue of ESCC is higher than that in normal
tissue, and serves as an independent predictor of poor prognosis
[7-11]. However, the relationship between serum levels of sol-
uble PD-1 (sPD-1) and PD-L1 (sPD-L1) and the prognosis of
ESCC remains unclear. Existing studies on lung cancer [12] and
liver cancer [13] have shown that higher concentrations of
serum sPD-L1 is associated with poorer prognosis of patients,
while studies on esophageal cancer are limited. Therefore, the
prognostic value of serum sPD-1 and sPD-L1 in ESCC was
evaluated by meta-analysis to explore whether these could be
promising and reliable biomarkers of ESCC.

2 | Materials and Methods

2.1 | Searching Strategy and Inclusion/Exclusion
Criteria

Potential eligible studies from mainstream databases (PubMed,
Cochrane, Embase, Web of Science, Wanfang Data, and CNKI)
were collected and reviewed. The deadline for searching was
December 31, 2023. Literature retrieval was based on the
combination of free words and subject words, using the key-
words (“EC” OR “ESCC” OR “esophageal cancer” OR “eso-
phageal squamous cell carcinoma”) AND (“sPD-L1” OR “sPD-
1” OR “soluble programmed cell death 1” OR “soluble pro-
grammed cell death ligand 17).

Inclusion criteria included: (1) Chinese and English literature;
(2) Patients were pathologically detected as esophageal squa-
mous cell carcinoma; (3) The detection method in studies was
only based on enzyme-linked immunosorbent assay (ELISA);
(4) anti-PD-L1 or anti-PD-1 immunotherapy had not been
applied to the patient; (5) Complete survival data or Kaplan-
Meier survival curve.

Exclusion criteria included: (1) Repeated clinical studies; (2)
animal experiments, cell experiments, case reports, conference
abstracts, and literature review; (3) patients with other patho-
logical types of esophageal cancer; and (4) incomplete literature
data or low-quality literature.

Ethical approval details were observed in this article, and in-
formed consent was not required as this article is a meta-
analysis.

2.2 | Data Extraction and Quality Assessment

All retrieved documents were evaluated by two independent
investigators (Wenjie Mao and Jie Li), and if any discrepancies,

were resolved by another investigator (Zheng Li). The
following information was recorded: first author, country,
publication year, sample size, age, gender, tumor stage, con-
centrations of serum sPD-L1 and sPD-1 of controls and patients,
overall survival rate hazard ratios (HR) and 95% confidence
interval (CI), and so forth. If the original text only provides the
Kaplan-Meier curve and the author cannot be contacted,
the Engauge Digitizer 4.1 software was used for extracting the
survival data as was reported in the study by Zhou et al. [14].
The Newcastle-Ottawa Quality Assessment Scale (NOS) was
used for evaluating the quality of the literature. The included
literature with an NOS score >6 was deemed to be a high-
quality study.

2.3 | Statistical Analyses

Review Manager 5.3 software was used to analyze the rela-
tionship between the prognosis of ESCC and the concentrations
of serum sPD-1 and sPD-L1. The heterogeneity among studies
was assessed by Higgins' I” statistic. If I* < 50%, the fixed effects
model was used, otherwise, the random effects model was used.
One-by-one deletion method was used to detect heterogeneity.
To detect publication bias, Egger's test was performed using
Stata SE 15 software. When a meta-analysis was carried out
using statistical software, it was repeated at least three times.
p-value < 0.05 was considered statistically significant.

3 | Results

3.1 | Literature Search, Studies Characteristics,
and Quality Evaluation

As shown in Table 1, six eligible articles that met quality eva-
luation were included, including four case-control studies and
two cohort studies, with a total of 203 healthy controls and 645
patients, all from China and Japan. Among them, 421 were
male patients and 224 were female patients, and most of them
have received adjuvant radiotherapy and chemotherapy. All the
following are one-sided tests. The specific process of the
included literature is shown in Figure 1, and the basic char-
acteristics and methodological quality scores are shown in
Table 1.

3.1.1 | Correlation of the Level of sPD-1 With OS
Based on three studies [15, 19, 20], the correlation between the
OS of ESCC and the level of serum sPD-1 in patients with ESCC
was not statistically significant (HR =1.15, 95% CI: 0.66-1.98,
p > 0.05) (Figure 2A).

3.1.2 | Correlation of the Level of sPD-L1 With OS

Based on five studies [15-18, 20], a high concentration of sPD-
L1 significantly reduced the overall survival rate of ESCC
(HR=1.73, 95% CIL: 1.42-2.11, p<0.001). This result was

20f7

Health Science Reports, 2024



The characteristics of included studies.

TABLE 1

Reagent
brand for

NOS

score

Cutoff
(IQR)

Tumor

Type of

Gender

Sample

First

HR for OS
0.77 [0.32, 1.83]
1.49 [1.00, 2.22]
3.71 [2.05, 6.71]

Indicators
sPD-1 sPD-L1

ELISA
CUSABIO

Treatment

stage

Study

(M/F)
73/12

Age

size
85

Country

author(y)

6

PSO

I-1v Mixed?®

Array

67.8

Japan

Akutsu

(2018) [15]

Fu

7

N/A sPD-L1

Heguo

Case-control ~ III-IV Chemotherapy

N/A 87/103

190

China

(2021) [16]

Ito

7

1.70 [1.03, 2.81]

P,s sPD-L1

RandD

Surgery and NCT

array I-IvV

N/A 122/28

150

Japan

(2019) [17]

Liu

7

1.53 [1.06, 2.21]

sPD-L1

PSO

Chemotherapy RandD

77/50 Case—control N/A

N/A

127

China

(2019) [18]
Yoshida

6

1.98 [0.62, 6.31]

sPD-1

PSO

Ray
Biotech

Mixed?

47 66 42/5 Case-control II-1v

Japan

(2018) [19]
Zheng

7

1.27 [0.52, 3.10]
1.63 [1.01, 2.63]

sPD-1 sPD-L1

PSO

Joe
feather

Chemoradiotherapy

Case-control II-1v

67.2 20/26

46

China

(2019) [20]

Abbreviations: IQR, interquartile range; N/A, not applicable; NCT, neoadjuvant chemotherapy; NOS, Newcastle-Ottawa Quality Assessment Scale; OS, overall survival.

#More than two treatments.

statistically significant. There was a certain degree of hetero-
geneity (I>=46%) when the fixed-effects model was used
(Figure 2B).

3.2 | Sensitivity Analyses and Subgroup Analysis
Sensitivity analysis was carried out in Review Manager 5.3
software using one-by-one deletion method to assess the sta-
bility of sPD-L1 in ESCC for predicting OS. No significant dif-
ferences were found outside the 95% CI of the pooled results.
Taking Pso, as the best cutoff point and after excluding the
studies by Fu et al. [16] and Ito et al. [17], correlational analysis
between the concentration of sPD-L1 and the OS in ESCC
showed that high concentration of sPD-L1 and poor prognosis
were significantly related (HR=1.52, 95% CI: 1.22-1.95,
p <0.001). This result was statistically significant. No hetero-
geneity was detected (I*=0) when the fixed effects model was
used (Figure 2C).

3.3 | Publication Biases

In this meta-analysis, to detect publication bias, Egger's test was
performed using Stata SE 15 software. There was no evidence of
apparent publication bias between sPD-L1 and OS. (Egger's test:
Pr> Iz | = 0.086 (continuity corrected)) (Figure 3).

4 | Discussion

Serum sPD-L1 is perceived as deriving primarily from PD-L1
positive cells. The combining of PD-1 on activated lymphoid T
cells binds to PD-L1 expressed on cancer cells initiate the
transmission of inhibitory signals to these T cells to prevent
them from eliminating target malignant tumor cells [21]. To
some extent, the PD-1/PD-L1 pathway is deemed to preserve
tumor cells from T cell offensive [22]. The combining of serum
sPD-L1 to cell surface PD-1 can influence T cells and increase
complexity of PD-1/PD-L1 co-inhibitory pathway [23]. Some
studies have demonstrated that the level of sPD-L1 can not only
stand for the activity of the immune suppression axis, but also
the degree of T cell response in tumor tissue [12, 24]. Therefore,
sPD-L1 is expected to serve as a credible biomarker. Here, a
meta-analysis was conducted by us to estimate the effect of
serum SPD-L1 and sPD-1 on the prognosis of ESCC. In this
meta-analysis, 645 patients were screened through a series of
inclusion and exclusion criteria, and serum sPD-L1's prognostic
value was systematically evaluated. The comprehensive results
demonstrated that a higher concentration of serum sPD-L1 was
prominently related to unfavorable prognosis. In addition, we
also performed a subgroup analysis with a preset cut-off point
(taking Ps, as the best cut-off point), and found that a high
concentration of serum sPD-L1 was also related to the poor
prognosis, and the heterogeneity of stratification was not obvi-
ous (HR =1.52, 95% CI: 1.22-1.95, p = 0.0003). Furthermore, we
discovered that the serum concentrations of sPD-L1 of healthy
people were significantly lower than those of ESCC patients
[16, 18, 20], consistent with the fact that the expression level of
PD-L1 in normal tissue was lower than that in tumor tissue of
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Records identified through electronic
database searching
(n=271)

I

Additional records identified
through other sources

(n=0)

!

Records after duplicates removed

(n=180)
l Records excluded after reading titles
Records screened N and abstracts

(n=180) (n=116)

l Articles excluded with reasons

Articles assessed for eligibility (n=358)
—

(n=64) Reviews/comments/letters (n = 57)

l No outcome(n=1)

Studies included in qualitative
synthesis

(n=06)

v

Studies included in quantitative
synthesis

(n=06)

FIGURE1 |

ESCC [8, 10]. However, studies have demonstrated that there is
no significant relationship between the expression level of PD-
L1 in tumor tissue and the level of serum sPD-L1 [25-27].
However, by comparing with Guo's study [28], we were sur-
prised to find that the correlation between the OS of ESCC and
the concentration of sPD-L1 was more significant than that
between the OS of ESCC and the PD-L1 in tumor, and serum
sPD-L1 was easier to obtain (sPD-L1: HR =1.73, p < 0.00001;
PD-L1:HR =1.38, p =0.04). There are some reasons that high
concentrations of serum sPD-L1 can be related to the patient's
immune status, and the increase in serum inflammatory cyto-
kines may lead to increased concentrations of serum sPD-L1
[18]. Not only that, a high concentration of sPD-L1 can also be
associated to the large volume of the tumor and/or the high
malignancy of the tumor [15, 17].

ELISA, the known antigen or antibody is adsorbed on the
surface of the solid phase carrier, so that the enzyme-labeled
antigen-antibody reaction is carried out on the surface of the
solid phase, and the free components in the liquid phase are
removed. Because different ELISA reagents were used in the six
studies, there may be some heterogeneity in the results. Due to
practical reasons, various reagents cannot be fully investigated,
which is left to future researchers to investigate and analyze.
However, I believe that the results of this article will attract the

Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA). Six studies were included in the meta-analysis.

interest of future researchers and conduct research in this
direction.

However, it has to be admitted that this article may be biased
due to the small sample size and the nationality of the authors
is mainly from China and Japan. I want to declare that the
incidence of esophageal squamous cell carcinoma in China and
Japan is higher than that in European and American countries,
so it attracts more interest and attention of scientists in the two
countries, leading to more research on esophageal squamous
cell carcinoma in China and Japan. Therefore, I hope that some
European and American researchers can find and devote
themselves to this related research in the future, and add new
research results.

Our meta-analysis presented several valuable findings. First,
compared with low concentrations of sPD-L1, patients with
ESCC with higher concentrations of serum sPD-L1 had
unfavorable prognosis, indicating that serum sPD-L1 may be a
useful predictor for the survival and prognosis of ESCC. Second,
serum sPD-L1 provided an effective and easy-to-detect method
to predict the prognosis of ESCC. A lot of studies have dem-
onstrated that PD-L1 in tumor tissue is an appropriate prog-
nostic biomarker. Nevertheless, to detect the expression level of
PD-L1, it is requisite to obtain tumor tissue in invasive
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Hazard Ratio Hazard Ratio
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Akutsu 2018 -0.2614 0.4405 40.2% 0.77[0.32, 1.83] — &
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Total (95% ClI) 100.0% 1.73[1.42, 2.11] 2
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0.01 0.1 1 10 100
Test for overall effect: Z = 5.36 (P < 0.00001)
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Study or Subgroup log[Hazard Ratio] SE_Weight 1V, Fixed, 95% CI 1V, Fixed, 95% CI
Akutsu 2018 0.3988 0.2017 352% 1.49[1.00, 2.21] =
Liu 2019 0.4272 0.1868 41.0% 1.53[1.06, 2.21] i
Zheng 2019 0.4886 0.2449 238% 1.63[1.01,2.63] -
Total (95% CI) 100.0% 1.54 [1.22, 1.95] L 4
Heterogeneity: Chiz = 0.08, df = 2 (P = 0.96); I = 0% f f f |
0.01 0.1 1 10 100
Test for overall effect: Z=3.61 (P = 0.0003
( ) © Favours[higher sPD-L1] Favours[lower sPD-L1]

FIGURE 2 | Forest plot of HR for the association between a high level of serum sPD-1 and OS in patients with ESCC (A). Forest plot of HR for
the association between high level of serum sPD-L1 and OS in patients with ESCC (B). Take P50 as the cutoff point, forest plot of HR for the
association between high level of serum sPD-L1 and OS in patients with ESCC (C). CI, confidence interval; ESCC, esophageal squamous cell
carcinoma; HR, hazard ratios; OS, overall survival; sPD-L1, soluble programmed cell death ligand 1.

Egger's publication bias plot
15

10

standardized effect
[6)]
\

-5

precision

FIGURE 3 | Egger's publication bias plot for the analysis of serum sPD-L1 in OS in patients with ESCC: Egger's test for OS, Pr > Izl =0.086
(continuity corrected). ESCC, esophageal squamous cell carcinoma; OS, overall survival; sPD-L1, soluble programmed cell death ligand 1.
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procedures, especially in solid tumors. Therefore, detection of
sPD-L1 may be a better option for predicting the prognosis of
ESCC due to its more convenient and less invasive ways.

It is undeniable that this article has certain limitations: first,
there are too few existing relevant studies and fewer patients are
included, which is susceptible to some bias to some extent, and
continuous attention needs to be paid to the update of the ar-
ticles in this field. Secondly, the ELISA reagents used in these
included studies are different, making it hard to have a common
standard and creating a certain bias. Thirdly, the best cutoff
point for the detection of the concentration of serum sPD-L1
has not yet been determined, and Ps, is now more commonly
used. Therefore, it is necessary to further design prospective
large-sample studies to verify the results in the future.

5 | Conclusion

In conclusion, this is the first meta-analysis to research the
prognostic value of sPD-1 and sPD-L1 in ESCC and our results
demonstrate that a high concentration of sPD-L1 is obviously
related to the unfavorable prognosis of ESCC. And sPD-L1 is
expected to be a new potential prognostic biomarker for ESCC
and it provides a new therapeutic strategy for patients due to
its advantages of easy acquisition, detection, and non-
invasiveness.
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