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Abstract:
Cancer-associated thrombosis affects between 1 and 20% of all patients diagnosed with cancer and is associated with signifi-
cant morbidity and poorer prognosis.

VEGEF is a potent angiogenic factor, produced by tumour cells, and released by platelets and is essential for tumour growth and
progression as well as the promotion of thrombosis. Therefore, the potential of VEGF to be used as a biomarker to predict can-
cer-associated thrombosis requires further investigation.

PubMed and OVID databases were systematically searched up to July 2023, and inclusion and exclusion criteria applied.

Seven papers (1528 participants) were identified and included in the meta-analysis, three of which (922 participants) mea-
sured VEGF before a thrombotic event, and the remaining four (606 participants) which measured VEGF at the time of the
thrombosis. Our results showed that although plasma and serum VEGF levels tended to be higher in those who subsequently
developed thrombosis than those who did not (mean difference 70.2 pg/mL for serum, and 11.44 pg/mL for plasma VEGF, 95%
CI-2.39 - 25.73, p= 0.10), this was not found to be statistically significant. However, analysis of VEGF following blood sampling
at the time of thrombosis, showed a stronger statistically significant association between increased VEGF levels and presence of
thrombosis (mean difference 117.02 pg/mL for serum, and 116.6 pg/mL for plasma VEGF, 95% CI 55.42 - 190.82, p = 0.0004).

Based on current studies, whilst it is increased at the time of thrombosis, VEGF is not effective as a predictive biomarker of CAT.
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ABSTRACT

Cancer-associated thrombosis affects between 1 - 20% of all patients diagnosed with cancer
and is associated with significant morbidity and a poorer prognosis. Risk assessment scores
exist which include the measurement of biomarkers, and which aim to identify patients at a
higher risk of developing thrombotic events, but these are poor predictors and rarely used in

routine clinical practice.

VEGF is a potent angiogenic factor, produced by tumour cells, and released by platelets and is
essential for tumour growth and progression. It also plays a role in the promotion of

thrombosis through platelet activation and adhesion, and by inducing the expression of tissue



factor. Therefore, the potential of VEGF to be used as a biomarker to predict cancer-associated

thrombosis requires further investigation.

This study reviewed the published literature to determine whether circulating VEGF levels are

associated with increased risk of venous thromboembolism in patients with cancer.

PubMed and OVID databases were systematically searched according to PRISMA guidelines
for relevant papers using the keywords “cancer” AND “thrombosis” AND “VEGF” up to July

2023. Inclusion and exclusion criteria were applied.

Seven papers (1528 participants) were identified and included in the meta-analysis, three of
which (922 participants) measured VEGF before a thrombotic event, and the remaining four
(606 participants) which measured VEGF at the time of the thrombosis. Our results showed
that although plasma and serum VEGF tended to be higher in those who subsequently
developed thrombosis than those who did not (mean difference 70.2 pg/mL for serum, and
11.44 pg/mL for plasma VEGF, 95% Cl -2.39 - 25.73, p= 0.10) this was not found to be
statistically significant. However, analysis of VEGF following blood sampling at the time of
thrombosis, showed a stronger statistically significant association between increased VEGF
levels and presence of thrombosis (mean difference 117.02 pg/mL for serum, and 116.6

pg/mL for plasma VEGF, 95% Cl 55.42 - 190.82, p = 0.0004).

Based on current studies, whilst it is increased at the time of thrombosis, VEGF is not effective

as a predictive biomarker of CAT.
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SUMMARY TABLE

What is known on this topic?
e Patients with cancer are at an increased risk of developing a thrombosis, which are
associated with a poorer prognosis
¢ Prediction scores for cancer-associated thrombosis exist but whilst they have a
strong association with VTE in cancer they typically have moderate to poor

discrimination.

What does this paper add?
e Vascular Endothelial Growth Factor (VEGF) is increased at the time of thrombosis.
e  Whilst increased at the time of thrombosis, further work is required to determine

if a rise in VEGF levels could predict a thrombotic episode.

INTRODUCTION

Cancer-associated thrombosis (CAT) affects up to 20% of patients with cancer and is
associated with a poorer prognosis [1, 2, 3]. The use of low dose anticoagulation
(thromboprophylaxis) has been shown to reduce the risk of venous thrombosis but also
increases the risk of bleeding [4], which complicates the clinical picture and does not allow
routine thromboprophylaxis to be given to all people with cancer in the outpatient setting

[5].

Clinicians need to target the use of thromboprophylaxis and offer it to those at highest risk
of thrombosis. A way of predicting those who are a higher risk of developing a venous

thromboembolism (VTE), has been a long sought-after clinical decision-making tool.



To address this, numerous risk assessment scores have been proposed, some of which use
circulating levels of biomarkers at the time of diagnosis of the cancer. The most validated is
the Khorana score [6] which uses the major parameters of a full blood count - haemoglobin,
white cell count and platelets, along with patient factors such as cancer site and Body Mass
Index (BMI), to determine the likelihood of a thrombosis occurring. The Vienna CATS score
[7] goes further and has added two additional biomarkers - soluble P-selectin and D-dimers,

to predict those individuals at a greater risk of thrombosis.

However, whilst these prediction scores demonstrate a strong association with VTE, in that
those assigned to a high-risk category are more likely to develop a thrombosis, these scores
can identify only a proportion of all individuals who will develop a thrombosis [3] and have
limited discriminatory power [8]. 90% of patients who are in either the intermediate or
high-risk categories based on the Khorana score do not develop a thrombosis after 6 months
[8]. Therefore, these risk assessment scores need to be improved to truly distinguish the
patients who are a higher risk of developing a thrombosis, and who would benefit from

receiving thromboprophylaxis.

Vascular Endothelial Growth Factor (VEGF or VEGF-A) is a potent angiogenic factor [9] that is
also thought to promote thrombosis. Angiogenesis, the formation of new blood vessels, is
essential for the growth, invasion, progression, and metastasis of tumour tissue [10]. As a
result, VEGF has been shown to be overexpressed in breast, colorectal, lung, pancreatic,

ovarian, and cervical cancers [1, 10].

In health and disease, VEGF is expressed on the surface of many different cell types,
including monocytes, endothelial cells, lymphocytes, and granulocytes [1, 11], but it is

thought that VEGF levels on these cells are higher in cancer than in healthy individuals [12].



Platelets, cells that are essential for thrombosis, are also rich in VEGF, which is stored within
their alpha granules [1]. In cancer, both radiotherapy and chemotherapy have been shown

to increase VEGF within tumours [13].

Despite its association with both cancer and thrombosis, the predictive value of VEGF, in

cancer-associated thrombosis events, is less well defined.

Herein we present a meta-analysis of previously published data to assess the predictive

potential of VEGF in cancer-associated thrombosis.

METHODS

Search strategy and eligibility criteria

This meta-analysis complies with the standard of Preferred Reporting Items for Systematic

Reviews and Meta-Analyses (PRISMA) [14].

A literature search was performed using two databases; PubMed and OVID until 9" July
2023. Papers were only included if published after the year 2000. This time frame was
chosen to represent recent research. One paper (Musolino et al, 2002) was found by

examining the references of another paper.

Keywords included: “cancer”, “thrombosis” and “VEGF”. The following search terms were
also used: (“cancer” OR “neoplasms”) AND (“VEGF” OR “vascular endothelial growth factor”
OR “vascular endothelial growth factors” [Mesh Major Topic] OR “vascular permeability
factor” OR “biomarkers/ analysis” [Mesh] OR “biomarkers/ blood” [Mesh]) AND

“thrombosis” OR “vte” OR "Thrombosis/blood"[Mesh] OR

"Thrombosis/complications"[Mesh] OR "Thrombosis/diagnosis"[Mesh] OR



"Thrombosis/epidemiology"[Mesh] OR "Thrombosis/etiology"[Mesh] OR

"Thrombosis/immunology"[Mesh] OR "Thrombosis/pathology"[Mesh] ).

Inclusion criteria: 1) patients with cancer studied, 2) studies reported either plasma or
serum VEGF levels in patients with cancer in both those with a thrombosis and those
without quantitatively, 3) VEGF measured before or during the thrombotic event, 4) adults

over the age of 18 studied, 5) full text available, and 6) studies written in English.

Exclusion criteria: 1) Paediatric population studied, 2) review article, case report or
conference abstract, 3) Cell lines and not patients studied, 4) full text not available, 5) Not
written in English, 6) study did not have figures for thrombosis and no thrombosis and 7)

subjects studied were not humans.

This study focussed on venous thrombosis, including unusual site thrombosis such as portal
vein thrombosis. The references of relevant studies and review articles were also studied and
checked for relevance to identify additional studies. Two additional authors [SN and AU]

validated the search and assessed the articles and abstracts.

Data extraction and quality assessment

Following the inclusion and exclusion criteria above, and data selection, studies were further
examined for suitability. Data extraction was performed by AB. All VEGF values were converted
to pg/mL irrespective of the values used originally in the study to allow an easier comparison
between them. Two studies (Kirwan et al, 2008 [15]; Kirwan et al, 2009 [16]) quoted VEGF
values as pg/mL, representing a 10° difference between these results, and other comparable

studies. Attempts were made to verify these values. As the values given were comparable to



those which were pg/mL, and based on the sensitivity and range of the ELISA assay used (9

pg/mL), these values were subsequently assumed to be pg/mL and are represented as such.

Studies where thrombosis had already occurred at the sampling point were also included. All
studies measured VEGF by an ELISA (Enzyme Linked Immunosorbant Assay) method. Further

details of the studies included and their design are shown in Table 1.

Patient characteristics from the included studies are shown in Table 2.

In instances where research papers contained qualitative findings and no comparable

quantitative data, the studies were included in a qualitative manner.

Two authors [AB and SN] evaluated the quality of the studies independently. If a
disagreement occurred a third investigator made the final decision. Quality assessment of
the included studies was performed using the Newcastle-Ottawa score (NOS) [17]. The
Agency for Healthcare Research and Quality (AHRQ)’s 11-item criteria were used to evaluate

each of the studies. A score of 6 or more was considered to indicate good quality.

Statistical analysis

The association of VEGF with cancer associated thrombosis was evaluated by calculating the
mean and SD values for plasma and serum VEGF levels for each study. Therefore, in this
meta-analysis, studies looking at plasma and serum levels of VEGF have been separated into
different forest plots to allow easier comparisons to be drawn. Currently, there is no

consensus on which is the better VEGF parameter to measure.

Meta analysis of the mean difference for random effects was performed using Rev Man
software. Random effects as opposed to fixed effects was used due to high heterogeneity

between included studies. Heterogeneity between the included studies was tested using



the Rev Man software and I?values. The chosen statistical significance threshold was set at p

<0.05.

The risk of bias for this meta-analysis was assessed using the ROB-ME tool (Risk Of Bias due
to Missing Evidence in a meta-analysis) [18]. This tool identified that there was a low risk of

bias with this meta-analysis.

RESULTS

PRISMA protocol

801 records were identified through screening of two databases; PubMed and OVID. After
duplicates were removed, 556 papers remained. Review of the paper title and abstract,
reduced the number of papers to 33. For these remaining papers the full text was accessed
and assessed for eligibility. Once the inclusion and exclusion criteria were applied, 11 records
remained. A further study was excluded as it mainly described arterial thrombotic events
(Cacciola et al (2002) [19]). Of the remaining, only 7 of those could be included in the meta-
analysis due to the lack of data (Figure 1). The remaining three are still included in the meta-
analysis but qualitatively rather than quantitatively. This is due to the raw data either not
being available, (Nazari et al (2019) [20]), presented in a different format which did not allow
inclusion in the forest plots (a median value only was provided by Li et al (2004) [9], and
Musolino et al (2002) [21] did not present the figures for thrombosis and no thrombosis as
two separate populations. Attempts were made to contact the authors where data was

missing, though in two cases the paper was published 20 and 22 years ago respectively.

The main characteristics of the seven papers used for the meta-analysis, plus the three used

qualitatively, are summarised in Table 1.



Patient characteristics

The overall population included in the meta-analysis consisted of 1528 participants, 213 of
which were patients with cancer who were affected by thrombosis. The remaining 1315
were patients with cancer who were not affected by thrombosis, representing a 14% rate of
cancer-associated thrombosis in the study population. This figure agrees with the widely
reported rates of cancer-associated thrombosis [1, 2, 3]. In some cases, the nature of the

thrombosis was recorded, but in others it was not.

All types of cancer, and all stages of the disease were represented in the data studied. The
seven studies represent a wide geographical area (Table 1) and the median age of
participants across the seven studies was 57.82 years. Individual studies’ participant

characteristics are shown in Table 2.

Quality assessment and risk of bias

Quality assessment of the eleven included studies was performed using the NOS scale [17].
Ten of the eleven studies were assessed to have scores greater 6 and therefore of good quality,
with the remaining study (Musolino, et al 2002 [21]) considered to be of moderate quality

(score of 4).

Meta analysis of VEGF levels on thrombotic events in cancer

VEGF levels at the time of thrombosis are increased in cancer patients

Four studies, with 606 patients (146 with thrombosis), assessed VEGF levels at the time of
the thrombotic event, three analysing serum VEGF levels (Dogan et al (2006) [10], Kim et al

(2004) [22], Ramadan et al (2021) [23]), and one study analysed plasma VEGF levels



(Malaponte et al (2015) [24]). Our analysis of the four studies, identified significantly higher
levels of VEGF in patients with thrombosis versus those patients without (mean difference
123.12 pg/mL, 95% Cl; 55.42-190.82, p=0.0004) (Figure 2). Heterogeneity was assessed with
a I?value of 82%. All four papers demonstrated that VEGF significantly rises at the time of a
thrombotic event, with the percentage difference in VEGF levels between those with and

without thrombosis between 17.3 and 63.4% across the 4 studies .

These findings are further supported by the work of Musolino [21] who showed that
increased plasma VEGF levels were seen in patients with myeloproliferative neoplasms who
had had a thrombotic event within the preceding month, and by the work of Li [9] who also
showed that the presence of portal vein thrombosis in patients with hepatocellular

carcinoma was associated with a higher plasma VEGF level.

Taken together these findings indicate a positive association of VEGF levels with thrombosis
in cancer patients and identifies increased VEGF as a marker of cancer-associated

thrombosis at the time of thrombosis.

VEGF levels prior to a thrombotic event are not associated with cancer-induced

thrombosis

Having identified an association of VEGF levels with thrombosis post thrombotic event, we
analysed the three remaining studies, which measured VEGF levels prior to thrombotic
event occurring, to determine whether VEGF could be used as a predictive biomarker of
thrombosis. Three studies including 922 participants examined the role of VEGF as a
predictor of thrombosis (serum VEGF; (Kirwan et al (2009) [16], plasma VEGF; (Kirwan et al
(2008) [15] and (2009) [16] - data only included once and Posch et al (2016) [11]). The 3

month cumulative incidence of VTE in the Kirwan et al studies population was 9.8%, whilst



the 6-month cumulative incidence in the Posch et al study population was 5.0%. Analysis of
data from these studies show that whilst pre-event plasma VEGF or serum VEGF levels are
higher in patients that go on to experience CAT there is no significant difference in VEGF
levels between patients who develop thrombosis versus those who do not (mean difference
11.68 pg/mL, 95% Cl; -2.39 - 25.73, p=0.10 (Figure 3). Heterogeneity was assessed, giving an

I?value of 0%, this is possibly due to the papers included.

These findings are further supported by the work of Nazari [20], which also showed no
association of serum VEGF levels and the prediction of VTE in patients with glioma (Hazard

ratio per double increase: 0.995, 95% Cl 0.640 - 1.548, p = 0.983).

Taken together these observations indicate that whilst VEGF levels are increased in cancer
patients at the time of thrombosis (Figure 2) VEGF levels in cancer patients are not

predictive of thrombosis.

DISCUSSION

Cancer is the uncontrolled proliferation of genetically aberrant cells, which is a leading cause
of death throughout the world. It can occur in any tissue of the body, including the blood.
For proliferation of the cancer cells to take place, certain conditions need to be in place, one
of which is the ability for angiogenesis to occur, which is the formation of new blood vessels
[1]. VEGF is a potent angiogenesis stimulator, and so therefore we would expect VEGF to be

raised in patients with cancer [1].

Compared to the general population, patients with cancer are at an increased risk of
developing a thrombosis, between 1 and 20% of patients develop this complication, which is

associated with a higher mortality rate [1, 2, 3]. Cancer-associated thrombosis is widely



considered to be the incidence of venous thrombosis (VTE) in patients diagnosed with

cancer.

VEGEF is raised in patients with cancer [1, 10, 12] and is thought to play a role in thrombosis

[1] by promoting both the release of tissue factor, and platelet activation and adhesion [11].

Tissue Factor, released from endothelial cells, is one of the main initiators of coagulation [1,
11]. It may also play a role in angiogenesis, by upregulating VEGF, and downregulating the
angiogenesis inhibitor thrombospondin [25, 26], a mechanism which is independent of

coagulation activation [25, 27].

Platelet adhesion and activation are involved in the thrombotic process. Activated platelets
release further VEGF from their alpha granules [11] into the circulation enhancing
thrombosis via these mechanisms. Platelets can also act as a transporter of tumour-
originated VEGF [28], further contributing to tumour angiogenesis and progression, as well

as the risk of thrombosis.

Therefore, we hypothesized that VEGF shows excellent theoretical potential to be used as a
biomarker for cancer-associated thrombosis. In this analysis we investigated whether plasma
or serum VEGF levels are associated with thrombotic events in cancer patients, pre and post

thrombosis.

Seven papers (six patient cohorts) were included in this meta-analysis. The findings
presented here indicates that VEGF levels are increased at the time of a thrombotic event,
indicating VEGF may play a role during a thrombotic event and in addition to its role in the

pathogenesis of a malignancy but does not appear to be predictive of CAT/thrombosis.



Our meta-analysis included four studies where the thrombosis was present at the blood
sampling point, to determine whether VEGF was associated with thrombus formation. All of
these studies showed increased mean differences between patient groups who had a
thrombosis versus those who had not (p=0.0004). These findings were further supported by
the work of Musolino [21] and Li [9], which demonstrated increased plasma VEGF in patients
with thrombosis versus those with no thrombosis, but whose data was not compatible to be
included in our forest plots analysis. Taken together these findings demonstrate that VEGF
levels are significantly increased and associated with the presence of thrombosis in patients

with cancer.

Activated platelets release VEGF [11], and therefore it is not unexpected that VEGF levels
were observed to be increased at the time of a thrombosis. Platelet activation is an essential
part of primary haemostasis, which is required in the formation of a thrombus. VEGF is also
found in higher levels in patients with cancer compared to healthy controls [1], due to
ongoing angiogenesis required for tumour growth and survival [1]. Interestingly Musolino et
al [21] showed that in patients with myeloproliferative neoplasms increased plasma VEGF
levels were seen up to one month post thrombotic event, possibly indicating a state of
platelet hyper-activation and/or indicating a more global contribution of VEGF to

thrombosis.

Having identified an association of VEGF with CAT at the time or post thrombosis, this meta-
analysis set out to investigate whether VEGF can be used as a biomarker to predict thrombosis.
Three studies identified by our search strategy, collected blood samples for VEGF level
measurement from cancer patients before a thrombosis had occurred. The 3-month

cumulative incidence of VTE was 9.8% for the Kirwan studies [15, 16], and the 6-month



cumulative incidence in the Posch et al study population was 5.0%. This reflects typical CAT
incidence [1,2,3], and the two study populations characteristics, as the Kirwan et al studies
include exclusively breast cancer patients, associated with a higher risk of VTE, whereas Posch
et al studies a variety of cancer types, with various differing risk profiles. Whilst all three
studies showed a trend towards higher levels of VEGF in those patients who subsequently
developed a thrombosis vs those who did not, this difference was not statistically significant
(P-value of 0.10). There are many reasons for this including not knowing how long prior to the
thrombotic event the samples were taken for example, which we hypothesise may impact the
study’s conclusions. Posch et al 2015 [11], for example, followed patients for thrombotic
events for 2 years following initial sampling as part of the large Vienna CATS Study, so it not
inconceivable that VEGF would not be raised up to 2 years before a thrombotic event
occurred. The work of Nazari [20] was also part of the same study and so the same conclusions
can be drawn. In contrast, the two remaining studies, Kirwan et al, 2008 and 2009 [15, 16],
which used plasma and serum samples collected from the same cohort of 123 patients (120
for plasma, and 121 for serum) only followed patients for 3 months after blood sampling,
these differences in follow up time may be confounding the results. In addition, different
cancer types were studied, at different stages, which may also be impacting the findings. It is
also difficult to compare studies however, as plasma [15] and serum [16] VEGF levels were
included from 2 publications that include the same patient population, which inevitably leads
to bias. Overall, the lack of independent studies will have had an impact on the results

obtained and highlights that further work in this area is required.

As part of this meta-analysis, we included studies measuring VEGF from both serum and
plasma. This has consequences for our interpretation as serum and plasma VEGF have very

different normal reference ranges. In this respect Malaponte et al (2015) [24] appears to be



an outlier with the measurement plasma VEGF, recording VEGF levels much higher than the
other groups also measuring these biomarkers, even in those individuals with no
thrombosis. The reasons for this are unclear. However, the percentage difference in mean
plasma VEGF values between individuals with and without a VTE was 26.5% in this study,
which is comparable to that of other studies in the same category (25.5% in Dogan et al [10],
17.3% in Ramadan et al [23], with Kim et al [22] being an outlier with a 63.4% difference).
Therefore, all studies show that VEGF levels are higher in those with a thrombosis compared

to those without.

Normal plasma and serum VEGF reference ranges differ significantly, with the serum level
being 10 to 15 times higher than that of the plasma level (D’Souza et al 2011 [29]). This is
because the platelets will have become activated during centrifugation in the serum sample,
but they remain intact in plasma samples due to the presence of anticoagulant in the sample
tube. Serum VEGF analysis therefore gives a measure of how much VEGF there is in
platelets, whereas plasma VEGF analysis does not, and instead represents VEGF released

from platelets which is indicative of platelet activation.

By examining the forest plots we can see that the measurement of serum VEGF is much
more variable than that of plasma, and this is possibly affecting the significance of our
findings. The difference in the values could also explain why serum VEGF was found to
associated with occurring thrombosis but not found to be predictive of thrombosis.
Activated platelets secrete VEGF, indicating that they are prothrombotic, and therefore a
thrombosis may occur. However, by analysing a serum sample, where these ‘naturally-
activated’ platelets are present, plus those platelets ‘artificially-activated’ by centrifugation,

it is unlikely that we are truly representing the predictive value of VEGF measurement in



serum samples. Plasma samples may therefore give a more accurate representation of the
predictive value of VEGF in thrombosis in patients with cancer, and further studies are

therefore needed to investigate this.

VEGF is a potent angiogenic factor that has been shown to be overexpressed in breast,
colorectal, lung, pancreatic, ovarian and cervical cancers [1, 10], where it promotes the
formation of new blood vessels, and is essential for the growth, invasion, progression, and
metastasis of tumour tissue [10]. Several of the studies included in this analysis demonstrated

increased VEGF levels in cancer patients versus healthy controls [9, 15, 16, 21, 22].

VEGF levels also increase as a cancer develops. Patients with more advanced stages of cancer
therefore can have higher levels of VEGF [30]. In the studies examined this was acknowledged
by all, but not considered with regards to the VEGF level and reported thrombosis rates.
However, Dogan et al [10] matched controls according to cancer stage, which showed that
those who experienced VTE still had higher VEGF levels than the matched controls, suggesting
that the thrombotic process was an additional factor for an increase in VEGF levels. Posch et al
[11] also addressed this, using multivariable analysis to adjust for tumour stage in their
analysis and showed that the association between VEGF and risk of VTE prevailed after

adjustment.

The role of VEGF in initiating thrombus formation is also not well established. There is little to
no evidence to suggest that VEGF alone can trigger thrombotic events, which may explain why
our analysis found it not to be predictive of thrombosis. It is possible, however, that VEGF plays

a role along with other prothrombotic factors to initiate thrombus formation [6].

Given the association of increased VEGF levels at the time of, or after, the thrombotic event,

some consideration should be made as to whether adding VEGF as a biomarker to an existing



risk-assessment model (RAM), could be useful. Other biomarkers such as D-dimer levels are
already part of the Vienna CATS score [7], with strong evidence available demonstrating
increased D-dimer levels associated with both current and future thrombotic events [31, 32,
33, 34]. Interestingly, the Kirwan studies (2008), show significantly higher D-dimer levels in
patients who subsequently went on to experience a VTE versus those who did not (1655 (834-
3273) ng ml*vs 727 (631-836) ng ml™*, P=0.003), in the same cohort, VEGF tended to be higher,

but this difference was not statistically significant.

At this time, our analysis of predictive studies demonstrates that there is not sufficient
evidence that VEGF can be used to predict cancer-associated thrombosis independently.
However, it is possible that VEGF levels may increase predictive capacity in combination with
other established markers and risk scores, such as cancer type [6, 7, 35], BMI [6, 7, 35] and D-
dimers [7], or alongside other novel biomarkers such as soluble P-selectin [7, 36]. The study by
Posch et al [11], demonstrated a positive interaction between soluble VEGF levels and D-dimer
indicating that the predictive potential of VEGF might be enhanced in combination with D-
dimer, particularly in individuals with high levels of both biomarkers. Further investigation and

studies are required.

CONCLUSION

We present here a meta-analysis approach to investigate whether VEGF has the potential to
be used as biomarker for cancer associated thrombosis. We identify that high plasma and
serum VEGF levels are associated with current thrombosis in samples taken at the time of or
post thrombotic event, however, plasma and serum VEGF levels were not found to be
associated with or predictive of thrombosis when collected prior to thrombotic events in

cancer patients. In the future, more prospective cohort studies in specific cancer types and



stages are needed to ascertain whether VEGF could be used as a predictive biomarker of

cancer associated thrombosis.

AUTHOR CONTRIBUTIONS

Conceptulization, A.B, K.M, A.J.U; Resources, A.B, Writing - Original Draft Preparation, A.B.
and A.J.U; Writing - Review & Editing, A.B, S.N, K.M, A.J.U; Visualization A.B; Supervision, K.M
and A.J.U; Project Administration A.B.; Funding Acquisition, A.B. All authors have read and

agreed to this version of the manuscript.

All authors have checked and approved this manuscript. None of the authors have any

competing interests to declare.

ACKNOWLEDGEMENTS

This review was not registered, and nor was a protocol prepared or amended. No aspects are

publicly available.

The meta-analysis performs part of a Professional Doctorate for the award of a DClinSci
through Manchester Metropolitan University. This programme is administered through the

National School of Healthcare Science and funded is by NHS Health Education England.

REFERENCES

1. Dogan M, Demirkazik A. Venous Thromboembolism in patients with cancer and its
relationship to the coagulation cascade and vascular endothelial growth factor. Supportive

Cancer Therapy 2005; 3(1):28-34



2. Chew HK, Wun T, Harvey D, Zhou H, and White RH. Incidence of Venous
Thromboembolism and its effect on survival among patients with common cancers. Arch

Inter Med 2006; 166:458-464

3.Van Es N, Di Nisio M, Cesarman G, Kleinjan A, Otten H-M, Mahé |, et al. Comparison of risk
prediction scores for venous thromboembolism in cancer patients: a prospective cohort

study. Haematologica 2017; 102(9):1494-1501

4. Lyman GH, Carrier M, Ay C, Di Nisio, Hicks LK, Khorana AA, et al. American Society of
Hematology 2021 Guidelines for management of venous thromboembolism: prevention and

treatment in patients with cancer. Blood Advances 2021; 5(4):927-974

5. Watson HG, Keeling DM, Laffan M, Tait RC, and Makris M. Guideline on aspects of cancer-
related venous thrombosis. British Journal of Haematology 2015; 170:640-648

6. Khorana AA, Kuderer NM, Culakova E, Lyman GH, and Francis CW. Development and
validation of a predictive model for chemotherapy-associated thrombosis. Blood 2008;

111(10):4902-4907

7. Ay C, Dunkler D, Marosi C, Chiriac A-L, Vormittag R, Simanek R, et al. Prediction of venous

thromboembolism in cancer patients. Blood 2010; 116(24):5377-5382

8. Moik F, Ay C and Pabinger, I. Risk prediction for cancer-associated thrombosis in
ambulatory patients with cancer: past, present and future. Thrombosis Research 2020; 191
(S1):53-S11

9. Li X, Feng G-S, Zheng C-S, Zhuo C-K, and Lui X. Expression of plasma vascular endothelial

growth factor in patients with hepatocellular carcinoma and effect of transcatheter arterial



chemoembolization therapy of plasma vascular endothelial growth factor level. World J

Gastroenterol 2004; 10(19):2878-2882

10. Dogan M, Demirkazik A, Konuk N, Yalcin Y, Buyukcelik A, Utkan G, et al. The effect of
venous thromboembolism on survival of cancer patients and its relationship with serum
levels of factor VIII and vascular endothelial growth factor: a prospective matched-paired

study. The International Journal of Biological Markers 2006; 21(4):206-210

11. Posch F, Thaler J, Zlabinger GJ, Koningsbrugge O, Koder S, Zielinski C, et al. Soluble
vascular endothelial growth factor (sVEGF) and the risk of venous thromboembolism in
patients with cancer: result from the Vienna cancer and thrombosis study. Clin Cancer Res
2016; 22(1):200-206

12. Salven P, Orpana A and Joensuu H. Leukocytes and platelets of patients with cancer
contain high levels of vascular endothelial growth factor, Clin Cancer Res 1999; 5(3):487-491
13. Wang Y, Zhang Z, Tao P, Reyila M, Qi X and Yang J. The Abnormal Expression of miR-
20505p, miR-195-5p, and VEGF-A in Human Cervical Cancer IS Related to the Treatment of
Venous Thromboembolism, BioMed Research International 2020
https://doi.org/10.1155/2020/3929435

14. Page MJ, McKenzie JE, Bossuyt PM, Boutron |, Hoffmann TC, Mulrow CD, et al. Updating
guidance for reporting systematic reviews: development of the PRISMA 2020 statement.

Journal of Clinical Epidemiology 2021; 134:103-112

15. Kirwan CC, McDowell G, McCollum CN, Kumar S and Byrne GJ. Early changes in the
haemostatic and procoagulant systems after chemotherapy for breast cancer. British Journal

of Cancer 2008; 99:1000-1006


https://doi.org/10.1155/2020/3929435

16. Kirwan CC, Byrne GJ, Kumar S, and McDowell G. Platelet release of vascular endothelial
growth factor (VEGF) in patients undergoing chemotherapy for breast cancer. Journal of
Angiogenesis Research 2009; 1(7). Available at: https://doi.org/10.1186/2040-2384-1-7.

Accessed 18" November 2023

17. Wells GA, Shea B, O’Connell D, Peterson J, Welch V, Losos M, et al. The Newcastle-
Ottawa Scale (NOS) for assessing the quality of nonrandomised studies in meta-analyses.

2021. Available at: https://.ohri.co/programs/clinical epidemiology/oxford.asp. Assessed

18" November 2023

18. Page MJ, Sterne JAC, Boutron |, Hrobjartsson A, Kirkam JJ, Li T et al. ROB-ME: a tool for
assessing risk of bias due to missing evidence in systematic reviews with meta-analysis. BMJ
2023;383:e076754. Available at https://doi.org/10.1136/bmi-2023-076754. Accessed 18"
November 2023

19. Cacciola RR. Elevated serum vascular endothelial growth factor levels in patients with

polycythaemia vera and thrombotic complications. Haematologica 2002; 87(7):774-775

20. Nazari PMS, Marosi C, Moik F, Riedl J, Ozer O, Berghoff AS et al. Low systemic levels of
chemokine C-C motif ligand 2 (CCL3) are associated with a high risk of venous

thromboembolism in patients with glioma. Cancers 2019 11. Available at:

https://doi:10.3390/cancers1122020. Accessed 18" November 2023

21. Musolino C, Calabro L, Bellomo G, Martello F, Lotera B, Pezzano C et al. Soluble
angiogenic factors: Implications for Chronic myeloproliferative disorders. American Journal

of Hematology 2002; 69:159-163


https://.ohri.co/programs/clinical_epidemiology/oxford.asp.  Assessed 18th November 2023
https://.ohri.co/programs/clinical_epidemiology/oxford.asp.  Assessed 18th November 2023
https://doi:10.3390/cancers1122020
https://doi.org/10.1136/bmj-2023-076754
https://doi.org/10.1186/2040-2384-1-7

22. Kim SJ, Choi IK, Park KH, Yoon SY, Oh SC, Seo JH et al. Serum Vascular endothelial growth
factor per platelet count in hepatocellular carcinoma: correlations with clinical parameters

and survival. Jpn J Clin Oncol 2004; 34(4):184-190

23. Ramadan HK, Meghezel EI-Z M, Abdel-Malek MO, Aska AA, Hetta HF, Mahmoud A.A et
al. Correlation between vascular endothelial growth factor and long-term occurrence of
HCV-related hepatocellular carcinoma after treatment with direct-acting antivirals. Cancer
Investigation 2021; 39(8):653-660. Available at:
https://doi.org/10.1080/073557907.2021.1951751 Accessed 18™ November 2023

24. Malaponte G, Signorelli SS, Bevelacqua V, Polesel J, Taborelli M and Guarneri C.
Increased Levels of NF-kB-Dependent Markers in Cancer-Associated Deep Venous
Thrombosis. PLoS

ONE 2015; 10(7): e0132496 .Available at: https://doi:10.1371/journal.pone.0132496.

Accessed 18" November 2023

25. Khorana AA, Ahrend SA, Ryan CK, Francis CW, Hruban RH, Hu YC, et al. Tissue factor
expression, angiogenesis, and thrombosis in pancreatic cancer, Clin Cancer Res 2007;

13(10) :2870-2875

26.Zhang Y, Deng Y, Luther T, Muller M, Ziegler R, Waldher R, Tissue factor controls the
balance of angiogenic and antiangiogenic properties of tumor cells in mice. The Journal of

Clinical Investigation 1994; 94(3):1320-1327


https://doi:10.1371/journal.pone.0132496. Accessed 18th November 2023
https://doi:10.1371/journal.pone.0132496. Accessed 18th November 2023
https://doi.org/10.1080/073557907.2021.1951751

27. Echrish H, Madden LA, Greenman J and Maraveyas A. The hemostasis apparatus in

pancreatic cancer and its importance beyond thrombosis, Cancers 3(1):267-284

28. Verheul HM, Hoekman K, Luykx-de Bakke, S, Eekman CA, Folman CC, Broxterman HJ, et
al. Platelet: transporter of vascular endothelial growth factor. Clin Cancer Res 1997; 3(12 Pt
1):2187-2190

29. D'Souza A, Hayman SR, Buadi FM, Mauermann M, Lacy MQ, Gertz MA et al. The utility of
plasma vascular endothelial growth factor levels in the diagnosis and follow-up of patients

with POEMS syndrome, Blood 2011; 118(17):4663-5. Available at:

https://doi.org/10.1182/blood-2011-06-362392. Accessed 18" November 2023

30. Kraft A, Weindel K, Ochs A, Marth C, Zmija J, Schumacher P et al. Vascular endothelial
growth factor in the sera and effusions of patients with malignant and nonmalignant

disease. Cancer 1999; Jan 1; 85(1): 178-87.

31. Cohen AT, Spiro TE, Spyropoulos AC, DeSanctis YH, Homering M, Biiller HR et al. D-dimer
as a predictor of venous thromboembolism in acutely ill, hospitalized patients: a subanalysis
of the randomized controlled MAGELLAN trial, Journal of Thrombosis and Haemostasis 2014;

12 (4): 479-487

32.Tan X, Chen G, Liu Y, Zhou L, He L, Liu D et al. Serum D-dimer is a potential predictor for
thromboembolism complications in patients with renal biopsy, Scientific Reports 2017; 7

(4836).


https://doi.org/10.1182/blood-2011-06-362392.%20Accessed%2018th%20November%202023

33. Hansen E-S, Rinde FB, Edvardsen MS, Hindberg K, Latysheva N, Aukrust P et al. Elevated
plasma D-dimer levels are associated with risk of future incident venous thromboembolism,

Thrombosis Research 2021; 208: 121-126.

34. Linkins L-A, Takach Lapner S. Review of D-dimer testing: Good, Bad, and Ugly,

International Journal of Laboratory Haematology 2017; 39 (S1): 98-103. Available at

https://doi.org/10.1111/iljh.12665

35. Verso M, Agnelli G, Barni S, Gasparini G, LaBianca R. A modified Khorana risk assessment
score for venous thromboembolism in cancer patients receiving chemotherapy: the Protecht
score, Intern Emerg Med 2012; 7: 291-292. Available at https://doi.org/10.1007/s11739-

012-0784-y

36. Swamy S, Ueland T, Hansen J-B, Snir O, Braekkan SK. Plasma levels of P-selectin and
future risk of incident venous thromboembolism, Journal of Thrombosis and Haemostasis

2023; 21 (9): 2451-2460.

Figure 1. Flow diagram of the inclusion and exclusion procedures. PRISMA, Preferred

Reporting Items for Systematic Reviews and Meta-Analyses.

Figure 2. Forest plot for VEGF levels among cancer-associated thrombosis and patients with

cancer and no thrombosis.

Figure 3. Forest plot for VEGF levels, collected prior to thrombosis among cancer-associated

thrombosis and patients with cancer and no thrombosis.


https://doi.org/10.1111/iljh.12665

Study Geograph | Study Total Cancer type Typeof | Contr | Newcastl | VEGF

(year ical design number | (s) and stage | thrombo | ol e- biomar
|
publishe | location ‘ of sis group | Ottawa ker
d) of study ‘ participa ‘ ? Quality measur
nts Assessm | ed
ent
‘ Score
Dogan ‘ Turkey Prospectiv | 31 All types and ‘ Venous 51 7 Serum
et al e cohort stages match VEGF
(2006) ed
[10] pairs
(all
had
‘cancer
‘ )

. \ L
Kim et Korea Prospectiv | 52 Hepatocellula | Portal ‘ 30 9 Serum
al e cohort r carcinoma vein health VEGF,
(2004) (HCC), all Yy, 26 and
[22] stages liver serum

cirrho VEGF
sis per
‘ platelet
‘ count
Kirwan United Prospectiv ‘ 123 Breast, early ‘ Venous 68 9 Plasma
et al Kingdom e cohort and advanced health VEGF
(2008) stages y

[15] contro



Kirwan United

etal (2) | Kingdom
(2009)

[16]

Liatal | China
(2004)*

[9]

Mgpo Italy
nte et al
(2015)

[24]

Musolin Taly
oetal
(2002)*
[21]
Nazari Austria

et al

(2019)*

Prospectiv | 123

e cohort

Prospectiv | 45

e cohort

Retrospec | 385

tive case-

control

Retrospec | 55
tive

cohort

Prospectiv | 76

e cohort

Breast, early Venous
and advanced

stages ‘

Is

68

health

contro

Hepatocellula " Portal

r carcinoma vein
(HCQ), all

stages

All types and DVT only
stages

Myeloprolifer ‘ All

ative
neoplasms
Glioma Venous

17
health
y, 20
benign
liver

lesion

100
health
y
contro
Is

20

‘ health

y

No

Plasma
VEGF,
serum
VEGF
and
platelet
release
of VEGF
Plasma

VEGF

Plasma

VEGF

Plasma

VEGF

Unclear
if

plasma



[20] or

serum
VEGF

Posch et | Austria Prospectiv ‘ 804 l All types and | Venous No 7 Plasma

al e cohort stages ‘ VEGF

(2016) ‘

"

Ramada Eg?t Trospectiv 87 Hepatocellula ‘ Portal No 7 Serum

netal e cohort r carcinoma vein VEGF

(2021) (HCC),all |

[23] stages

TabIeTSummary of the study designs included in meta-analysis (* denotes not included in forest plots due to

lack of availability of data)

Study Total Age of Sex Body | Blood cell | D-dimer | Fibrinoge | Cancer type (s)
(year number participa Mass | count: levels n level and stage
publishe | of nts in Index | Platelets (ng/mL) | (g/L)
d) participa | years (BMI) | (x10°/L) (range)
nts (range) (rang | Haemoglo
(Mean or e) bin (g/L)
median) White
Blood Cell
Count
(x10°/1)
Doganet | 31 56.74+/- | Male | Not Not stated | 960.71 Not All types and




al (2006) 16.06 =13, | state +/- stated stages
[10] (mean) Femal | d 1066.85
e=
18
Kimetal | 52 57 (35- Male | Not Platelet Not Not Hepatocellular
(2004) 80) =39, | state | count: 130 | stated stated carcinoma
[22] (median) | Femal | d (76.4 - (HCQ), all
e= 217.3) stages
13
Kirwan 123 52 (31- Femal | Not Platelet 1618.6 3.6 (3.3 - | Breast, early
et al 78) e= state | count: (979- 3.8) with | and advanced
(2008) (median) | 123 d 314.3 2676.1) thrombos | stages
[15] (287.2 - with is
325) thrombo | 4.9 (3.0 -
sis 6.9)
815.3 without
(707.8 - | thrombos
989.3) is
without
thrombo
sis
Kirwan 123 52 (31- Femal | Not Platelet 1618.6 3.6 (3.3 - | Breast, early
et al (2) 78) e= state | count: (979- 3.8) with | and advanced
(2009) (median) | 123 d 314.3 2676.1) thrombos | stages
[16] (287.2 - with is
325) thrombo | 4.9 (3.0 -
sis 6.9)
815.3 without




(707.8 - | thrombos
989.3) is
without
thrombo
sis
Li at al 45 50 (29- Male | Not Not stated | Not Not Hepatocellular
(2004)* 77) =37, | state stated stated carcinoma
[9] (mean) Femal | d (HCQ), all
e=8 stages
Malapon | 385 62+/-9 Male | 25.85 | Notstated | Not 413.7 +/- | All types and
te et al (mean) = +/- stated 87.7 with | stages
(2015) no DVT 185, 8.3 thrombos
[24] 64 +/-10 | Femal is
(mean) e= 404.2 +/-
with DVT | 200 71.1
without
thrombos
is. Units
not
stated
Musolin | 55 60 Male | Not Not stated | Not Not Myeloprolifera
oetal (median) | =17, | state stated stated tive neoplasms
(2002)* Femal | d
[21] e=
38
Nazariet | 76 54 (46- Male | Not Not stated | Not Not Glioma
al 67) =41, | state stated stated
(2019)* (median) | Femal | d




[20] e=
35
Posch et | 804 63.1(54.2 | Male | 25.0 Platelet 710 (360 | 3.94 All types and
al (2016) -69.2) = (22.3 | count 245 - 1320) (3.25 - stages
[11] (median) 371, - (199 - 302) 4.83)
Femal | 28.1) | Haemoglo
e= bin 131
433 (120 - 141)
White
Blood Cell
Count 7.2
(5.7 -9.4)
Ramada | 87 61.93+/- | Male Platelet Not Not Hepatocellular
n et al 6.99 = 68, count stated stated carcinoma
(2021) (mean) Femal 141.7 +/- (HCQ), all
[23] Group 1, |e= 80.2 stages
64.42+/- | 19 Haemoglo
8.87 bin 112.1
Group 2 +/- 24.9
White
Blood Cell
Count 6.90
+/-3.77

Table 2. Summary of the patient characteristics used in meta-analysis where available. Chemotherapy regimens

and antithrombotic treatments not included due to a lack of information.
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