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It is generally known that tumor and venous thromboembolism (VTE)

are interrelated. VTE, a primary reason for death, can take place in about
20% of terminally ill patients [1]. The connection of tumors with arterial
thromboembolism (ATE), as opposed to VTE related to cancer, has only
lately been proven. For ischemic stroke, tumor is one of the known sensi-
tive markers [2-4]. Tumor sufferers get a 2-fold greater chance of having
an ischemic stroke within the initial 0.5 years following their medical
assessment [2]. Compared to controls, strokes in tumor sufferers are typ-
ically more painful and deadly, and relapse more frequently [5].

By illustration, D-dimer, a nonspecific fibrin breakdown product, is
a widely used marker for VTE in the clinic [6]. Multiple risk indicators and
markers have also been found for tumor-induced VTE. According to the
Optimal Anticoagulation Strategy In Stroke (OASIS)-Cancer study, extra-
cellular matrix components and neutrophil extracellular trap formation
(NETosis) are seen in high serum levels in tumor and ischemic stroke
patients than controls [7, 8]. However, the repeatability and universality
of the aforementioned indicators might restrict their potential efficacy.

Soluble P-selectin (sPsel) has drawn interest as a biomarker for both
VTE and ATE. It is a member of the selectin family of cell-adhesion mole-
cules, which is expressed on platelets and endothelial cells and mediates
cell interaction, and it stimulates the formation of thrombin and fibrin,
which indicates proangiogenic characteristics and a thrombogenic state
[9]. Elevated sPsel serum contents are seen to be highly linked with VTE
in case-control studies of non-tumor VTE patients and healthy partici-
pants without a diagnosis of vein or artery thrombosis [10]. sPsel was
again demonstrated to be a significant predictor for recurring VTE in the
prospective observational research [11]. Additionally, tumor sufferers
had an increased probability of developing ATE when their sPsel contents
were raised [12]. Moreover, chemotherapy and other anti-cancer treat-
ments will lead to increased levels of sPsel and deep vein thrombosis
(DVT) [13].

This meta-analysis aimed to compile the latest information on the
role of sPsel in the identification of tumor-related thrombosis, specifically
VTE and ATE.
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According to the Newcastle-Ottawa Scale (NOS),
the prospective and case-control studies’ per-
formance was measured. Patient selection (0-4
points), comparability (0-2 points), and effective-
ness were the 3 main areas included in the NOS
(0-3 points). Studies with a NOS score of > 6 were
deemed to be of excellent standard. The Agen-
cy for Healthcare Research and Quality (AHRQ)’s
11-item criteria were used to evaluate the meth-
odological quality of cross-sectional studies. If
a question was responded with “NO” or “UN-
CLEAR?”, the element received “0” score; if “YES”,
“1” score. Low, moderate, and high-quality articles
referred to 0-3, 4-7, and 8-11, respectively.

For sPsel levels and a composite assessment of
RR with 95% Cl, the data were displayed as mean
difference (MD) and 95% Cl. By combining the col-
lected OR/RR/HR as probability assessments, RR
was determined. Given the heterogeneity among
multiple studies, we opted for a random-effects
model as opposed to a fixed-effects model. Forest
plots were used to display results graphically.

For subgroup assessment, heterogeneity was
assessed using the [? statistic, with a value of
25-49% representing low heterogeneity, 50-75%
moderate heterogeneity, and > 75% high hetero-
geneity. A Z test was used to examine the conse-
quences, and the suitable statistical threshold was
chosen to be p < 0.05. Review Manager 5.4.1 and
Stata SE16.0 were used for all analyses. A sensitiv-
ity analysis was conducted to assess the stability
of pooled results. The presence of publication bias
was further tested using Begg’s test.

Totally, 16 studies involving 455 cancer-asso-
ciated thrombosis patients and 1812 cancer pa-
tients were enrolled (Figure 1).

All of the selected articles were assessed for
methodological quality. The quality score of each
study was presented in Table I. Eleven studies
were of high quality [13, 17-31], one study was of
moderate quality [20] and two studies were of low
quality [21, 29].

The pooled data exhibited that sPsel con-
tents in cancer-associated thrombosis sufferers
were conspicuously raised than in cancer suffer-
ers (MD = 14.16, 95% Cl; 9.36-18.96, 2 = 67%,
p = 0.0003) (Figure 2). Subgroup analyses did not
show significant differences regarding the study
design, tumor types, neoplasm staging or quality.
Ethnic origin and sample size had a significant ef-
fect on the heterogeneity. Stratified by the ethnic
origin, the level of sPsel of the Asians was higher
than that of the non-Asians (MD = 18.75, 95% Cl:
12.96-24.53 vs. MD = 10.90, 95% Cl: 5.41-16.38,
p =0.05; I*= 68%, p = 0.0002, random effect mod-
el). Meanwhile, the heterogeneity (/?) of the small
study population (n < 100) group decreased to 8%
after performing subgroup analysis with sample
size, and it suggested that sample size probably
was another bias of heterogeneity.

The sPsel level was significantly increased af-
ter cancer patients developed thrombosis (pooled
RR = 1.94, 95% Cl: 1.47-2.41, p < 0.001; > = 0%,
p = 0.853, fixed effects model, Figure 3). As shown
in Table II, there was no significant difference of
sPsel level between cancer-associated VTE and
ATE when subgroup analysis was based on the
type of thromboembolism. sPsel was higher in
VTE (RR = 2.00, 95% Cl: 1.42-2.58, p < 0.001) and
ATE populations (RR = 1.83, 95% Cl: 1.03-2.63,
p < 0.001, Figure 4), without between-study het-
erogeneity (p = 0.732).

Records identified through database
searching (n = 583):
PubMed 147, Cochrane Library 22,
Embase 66, Web of Science 184,
Ovid 75, Others 89

Identification

Records after duplicates removed

Y

Records based on review of title
and abstract (n = 383)

Eligibility

(n =200)

Records excluded (n = 351)
1. Animal experiment trials (n = 28)
2. Case reports, reviews, meta-
analysis, conference abstract,

Screening

Y

Publications obtained for further evaluation
(n=32)

Y

editorials, neither English nor
Chinese (n = 70)

3. Not meeting the requirements
(n=253)

Full-text articles excluded (n = 16)
1. Lack of data of P-selectin (n = 6)
2. Not relevant to cancer and

Y

Included

Studies included in meta-analysis
(n=16)

P-selectin (n = 4)

3. Overlap population (n = 2)

4. Study population was children
(n=4)

Y

Figure 1. Flow diagram of literature search and study selection
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Study Cancer related thrombosis Cancer Weight Mean difference IV, Mean difference IV,

or subgroup Mean SD Total Mean SD Total (%) random, 95% ClI random, 95% ClI

Castellon Rubio VE 2020 35.29 17.86 18 8.53 817 72 10.0 26.76[18.30, 35.22] —

Cihan Ay 2008 48.17 21 44 4242 1433 643 11.5 5.75[-0.55, 12.05] —

Elmoamly S 2019 28.88 26.57 12 26.1 22.37 159 5.8 2.78 [-12.65, 18.21] —

Fernandes LFB 2018 336 2335 44 204 692 73 11.0 13.20[6.12, 20.28] -

Li Kun 2020 71.25 51.06 28 4298 43.08 30 3.1 28.27 [3.87, 52.67]

Malaponte G 2015 758 323 64 554 225 321 10.1 20.40[12.11, 28.69] —

Navi BB 2021 43.54 2595 50 3542 13.74 50 10.2 8.12 [-0.02, 16.26] —

Riedl) 2015 4598 22.04 131 39.21 14.54 262 13.0 6.77 [2.61, 10.93] -

Schorling RM 2020 5431 3428 6 48.71 19.7 67 2.5 5.60 [-22.23, 33.43] S

Setiawan B 2020 138.65 81.51 5 73.57 1492 35 0.4 65.08 [-6.54, 136.70] T "
Xiao X 2019 70.92 5048 30 43.13 4278 31 3.2 27.79 [4.27,51.31] -

Xin SZ 2012 128.49 8.18 3 112.62 10.31 26 8.8 15.87 [5.80, 25.94] -

Zhong X 2020 3146 17.13 20 13.51 7.43 43 10.4 17.95[10.12, 25.78] -

Total (95% Cl) 455 1812 100.0 14.16 [9.36, 18.96] s

Heterogeneity: t = 41.67; y? = 36.36, df = 12 (p = 0.0003); p = 67% I t } |

Test for overall effect: Z = 5.78 (p < 0.00001)

-100 =50 0

Favours [control]

50
Favours [case]

Figure 2. Forest plot for sPsel contents among cancer-associated thrombosis sufferers and cancer sufferers

The deletion of any research did not change
the pooled outcomes notably. Publication bias was
tested by Begg’s test, and the results showed that
P-selectin (p = 0.849) and pooled RR (p = 0.081)
had no publication bias.

Cancer induces a 7-fold risk of VTE [32]. In con-
trast, cancer-related ATE has been just recently
established. The etiopathogenesis of thromboem-
bolism in tumor sufferers appears to be multifac-
torial. Once more, tumor formation, development,
expansion, and migration are encouraged by tu-
mor cells’ capacity to connect with and stimulate
the hemostatic system and coagulation [33].

In thrombosis, infection, and the development
and progression of cancer, P-selectin facilitates
the adherence of platelets and tumor cells [12].
P-selectin and its primary counter-interaction re-

ceptors cause the production of procoagulant mi-
croscopic particles and promote the creation of
thrombus and fibrin [12]. Additionally, P-selectin
has been shown to promote surface-dependent
thrombin production on monocytes and tissue
factor expression [32]. It is interesting to note that
tumor cells can boost the production of P-selectin
on platelets, endothelial cells, macrophages, and
monocytes [33]. Thrombin, its fractions, or other
variables that cause a hypercoagulable condition
may stimulate platelets, elevating sPsel [11].
According to C’s study (based on data from the
CATS database), elevated plasma sPsel contents
substantially reflect VTE in tumor sufferers [17].
Patients who are at a higher risk of VTE may be
identified by measuring sPsel at the time of tumor
diagnosis. Deterministic markers have only been

Study ID RR (95% Cl) Weight (%)
Cihan Ay (2008) —— 2.60 (1.40, 4.90) 7.13
Thaler J (2014) - > 2.71(1.34,5.78) 443
Ried! J (2015) —— 2.27 (1.39, 3.70) 16.38
Fernandes LFB (2018) : - > 3.38(1.40, 8.21) 1.88
Griz E (2019) —_———— 1.80 (1.20, 2.80) 34.13
Obermeier (2019) —+— 1.61 (1.00, 2.58) 35.00
Castelion Rubio VE (2020) > 66.40 (8.70, 506.69) 0.00
Setiawan (2020) . > 1.02(0.98, 11.05) 0.86
Navi BB (2021) < > 7.20 (-3.90, 18.30) 0.18
Overall (2 = 0.0%, p = 0.853) <> 1.94 (1.47, 2.41) 100.00
T T : T T

-1 0 1

Figure 3. Forest plot of RR for pooled outcome comparisons between cancer-associated thrombosis patients and

cancer patients

RR — relative risk, Cl — confidence interval
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Table Il. Results of a meta-analysis of subgroups

Parameter sPsel level Pooled RR  P-value Heterogeneity [/? (%)]
[MD (ng/ml), 95%Cl]  (95%Cl) In subgroup _ Between
subgroups
Ethnic origin Asians 18.75[12.96, 24.53] 0.54 0% 73.1%,
Non-Asians  10.90 [5.41, 16.38] 0.0004 74% p=0.05
Sample size n< 100 21.40[16.20, 6.61] 0.36 8% 81.8%,
n>100 12.17 [6.28, 18.07] 0.0002 78% p =002
Type of VTE 2.00 0.805 0% p =0.732
thromboembolism (1.423, 2.576)
ATE 1.828 0.342 0%
(1.030 2.626)
Prospective or Prospective 12.61 [6.05, 19.16] 0.004 66% 0%, p = 0.42
retrospective Retrospective  17.05 [8.39, 25.72] 0.004 74%
Neoplasm staging Local 23.07 [13.80, 2.33] 0.93 0% 0%, p = 0.75
Metastatic 23.64 [15.07, 2.21] 1.0 0%
Study design Case-control 16.25 [5.82, 26.68] 0.01 73% 0%, p = 0.58
Cohort 14.93 [6.37, 23.48] 0.001 73%
Cross-sectional  11.01 [5.67, 16.35] 0.36 0%
Study quality Low/moderate  17.15[12.79, 1.52] 0.45 0% 37.4%,
High 12.21[5.90, 18.51] 0.001 69% p=021

MD — mean difference, Cl — 95% confidence interval, RR — relative risk, VTE — venous thromboembolism, ATE — artery thromboembolism.

Study ID RR (95% Cl) Weight (%)
VTE

Cihan Ay (2008) —— .60 (1.40, 4.90) 7.13
Thaler ) (2014) ; —— > 2.71(1.34,5.78) 4.43
Ried! } (2015) # 2.27 (1.39, 3.70) 16.38
Fernandes LFB (2018) : - > 3.38(1.40, 8.21) 1.88
Obermeier (2019) —_—— 1.61 (1.00, 2.58) 35.00
Castellon Rubio VE (2020) . > 66.40 (8.70, 506.69) 0.00
Setiawan (2020) [} 5 > 1.02 (0.98, 11.05) 0.86

Subtotal (/2 = 0.0%, p = 0.805) 2.00 (1.42, 2.58) 65.69

ATE

Gritz E (2019) 1.80 (1.20, 2.80) 34.13

Navi BB (2021) < > 7.20 (-3.90, 18.30) 0.18

———
Subtotal ( = 0.0%, p = 0.342) — 1.83 (1.03, 2.63) 34.31

Heterogeneity between groups: p = 0.732

Overall (/2 = 0.0%, p = 0.853) 1.94 (1.47, 2.41) 100.00

T T T T
-1 0 1 3 5

Figure 4. Forest plot according to RR of sPsel for VTE and ATE sufferers with their controls. Relative risk (RR),
Confidence interval (Cl), soluble P-selectin (sPsel), venous thromboembolism (VTE), artery thromboembolism (ATE)

examined in a small number of prospective trials To our knowledge, we reported the first sys-
in tumor and stroke patients. Arterial thrombosis tematic review and meta-analysis of a specific
is largely influenced by activated platelets. Bielin-  level of sPsel in cancer-associated thrombosis, in-
ski et al. [34] revealed that elevated sPsel contents  cluding VTE and ATE, published to date. Our study
forecasted a 1.8-fold elevation in the probability of  indicated for the first time that sPsel may be a risk
coronary heart disease in non-cancer individuals. ~ factor for cancer patients with VTE or ATE.
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The previous meta-analysis performed by
Constantine first reviewed that the sPsel was
significantly elevated in patients with VTE and
it was a plasma biomarker that may help in the
diagnosis of VTE [35]. The specific levels of sP-
sel were still unclear in patients with cancer-as-
sociated VTE and ATE. We conducted a pooled
assessment of 16 studies. The results of this
meta-analysis, synthesizing evidence of levels of
sPsel from 455 CAT patients and 1,882 cancer
patients from 13 types of studies indicated that
sPsel contents were markedly raised in tumor
sufferers associated with VTE and ATE. Mean
sPsel contents were 1.94, 2.00, and 1.83 times
higher in tumor sufferers with thrombosis, with
VTE, and with ATE, respectively, compared to
cancer patients.

Cancer-associated thromboembolism (ATE) has
been just recently established [2—4]. There is a re-
lationship of sPsel with ATE in tumor sufferers [13]
or controls [36, 37]. Otherwise, another study [22]
revealed that all hematological biomarkers except
P-selectin were prominently raised in the tumor
and stroke sufferers than tumor sufferers. Multi-
ple linear regression models showed that tumor
and stroke sufferers were dramatically related to
higher D-dimer, but not P-selectin. So, it is con-
troversial about levels of P-selectin in cancer-as-
sociated ATE. In our meta-analysis, cancer-associ-
ated ATE has a higher level of sPsel than cancer
patients, suggesting sPsel is probably related to
cancer-associated ATE.

Population-based subgroup analysis showed
that the level of sPsel was significantly higher in
Asian cancer patients with thrombosis than that
in non-Asians. Besides, Bielinski’s study [34]
observed ethnic heterogeneity in the associa-
tion of P-selectin and the risk of coronary heart
disease. Moreover, Asians had a decreased het-
erogeneity (Table 1), indicating ethnics might
be the possible source of heterogeneity. Addi-
tionally, the research design may not affect the
results in the subgroup assessment. The out-
come showed no difference among case-con-
trol studies, cohort studies and cross-sectional
studies, but the cross-sectional study subgroup
had a lower heterogeneity (Table Il), which
might be the possible source of heterogeneity.
Meanwhile, in view of prospective or retrospec-
tive studies, there was no significant difference,
either. Many studies have shown that raised
plasma sPsel content notably influences solid
tumors [17, 18, 25-27, 31, 38, 39], but few are
about hematological tumors. Interestingly, in-
hibition of platelet activation can prevent the
accumulation of P-selectin in cancer cells and
reduce the growth and metastasis of tumors in

vivo [40]. In Elmoamly’s cohort study, the se-
rum P-selectin level in hematological tumors
was not associated with VTE (p = 0.9) [19]. Be-
sides, there was no difference in P-selectin level
between local and metastatic cancer patients,
possibly resulting from the insufficient sample
size. When studying quality as a subgroup, het-
erogeneity (/?) of low/moderate quality group
decreased to 0%, which indicates study quality
may be a source of heterogeneity, needing more
high-quality studies in the future.

This study has some limitations ineluctably in
this meta-analysis. First, the sample size is proba-
bly a potential modifier in subgroup analysis. Sec-
ond, low-quality studies including uncontrolled
nature and quite a bit of bias may affect the re-
liability of the results reflecting methodological
drawbacks of the eligible studies. Third, some
studies might not be included on account of the
unavailable full-text or incomplete data, such as
a low absolute number of arterial events.

Future relevant studies may need to focus
more on the study population in large-sample and
multi-centers around the world. Besides, studies
aiming at levels and diagnosed efficiency of sPsel
in cancer-associated ATE (stroke, infarction, etc.)
instead of VTE are needed. Moreover, high-quality
studies and diagnostic clinical trials of sPsel in tu-
mor sufferers associated VTE or ATE are urgently
required to identify patients at high risk of throm-
bosis earlier and guide treatment.

All in all, we showed sPsel as a good indicator
for cancer-associated VTE or ATE. Asian cancer pa-
tients may have a higher level of sPsel than non-
Asians, indicating a genetic difference of sPsel.
Evaluation of sPsel may be for monitoring and
conduct of early and prompt identification for can-
cer-associated thromboembolic diseases.
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