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Background Patients undergoing systemic cancer therapy are susceptible to devel-
oping venous thromboembolism (VTE). The most pertinent prognostic factors for VTE
remain unclear. This systematic review aims to summarize prognostic factors associat-
ed with VTE in this population.

Methods MEDLINE, Embase, and CENTRAL databases were searched for observation-
al or randomized studies that used multivariable analysis adjusted for tumor type
and/or metastatic disease to model the risk of VTE. Adjusted effect estimates for each
prognostic factor were collected for all of the included studies. Risk of bias was assessed
using the Quality in Prognostic Factor Studies (QUIPS) tool.

Results From 5,988 search results, 15 eligible studies and 42 prognostic factors were
identified. A total of 8,554 patients of whom 456 (5.33%) developed VTE were included.
Fourteen studies had a high risk of bias and one study had a moderate risk. The most
commonly reported prognostic factors include age, gender, tumor site, metastasis,
performance status, and systemic therapy type. Poor performance status and the use
of platinum-based chemotherapy compounds were associated with an increased risk of
VTE across the majority of studies. The evidence to suggest that the other prognostic
factors identified were associated with VTE development was inconclusive. Several
individual studies identified novel biomarkers for VTE. Heterogeneity in statistical
methods and prognostic factor definitions across studies precluded meta-analysis.
Conclusion Overall, many prognostic factors were identified; however, the evidence
forassociation with development of VTE for most of the factors is inconclusive. Findings
were limited by high heterogeneity and risk of bias in the included studies.
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Introduction

Venous thromboembolism (VTE) is a common complication
among patients with cancer, particularly in those receiving
systemic chemotherapy or other antineoplastic treat-
ments.”»? The incidence of VTE ranges from 2% to 8% in
this population and has been identified as a leading cause
of death in these patients.3® Certain factors have been
identified that further exacerbate the risk of VTE. For in-
stance, certain solid tumors are associated with the highest
risk of VTE, namely, pancreatic, stomach, and lung can-
cers."*®7 Additionally, the presence of metastatic disease
has been identified as a significant prognostic factor, in-
creasing the risk of VTE by 4-fold to 13-fold compared with
earlier stages."*

The identification of such prognostic factors allows
patients to be stratified into risk groups and aid in decisions
to administer thromboprophylaxis prior to cancer treat-
ment. As such, a widely used and validated scoring model,
the Khorana score, predicts VTE in patients receiving che-
motherapy on the basis of five clinical and laboratory
parameters.” These include tumor site, body mass index,
hemoglobin levels, platelet count, and leukocyte count.’
Nonetheless, identifying patients who are at a high risk for
VTE remains a challenge. A recent meta-analysis looked at
6-month VTE incidence by Khorana risk category in 27,849
cancer patients.8 This study found that most VTE events
occurred in the low- and intermediate-risk groups (11.6%)
rather than the high-risk group (11.0%). Of the patients who
were diagnosed with VTE, 23.4% were classified as high-risk
according to the Khorana score.® Newer studies have since
identified additional prognostic factors, including predictive
biomarkers, for VTE. For instance, Ay et al. observed that
adding D-dimer and soluble P-selectin as variables to the
Khorana score more accurately predicted VTE.? Additionally,
certain types of chemotherapy regimens were found to
significantly increase the risk of VTE.'

Although many studies have investigated various clinical
and pathological factors that predict VTE, these results have
yet to be systematically examined. Therefore, this systematic
review was conducted to identify and summarize the most
pertinent prognostic factors associated with the develop-
ment of VTE in patients with solid tumors undergoing
systemic therapy.

Methods

This systematic review was conducted and reported
according to the Preferred Reporting for Systematic Reviews
and Meta-Analyses (PRISMA) guidelines.!’ The protocol
of this study was registered prior to study commencement
in the Prospective Register of Systematic Reviews
(CRD42020165501).

Search Strategy

A comprehensive search of MEDLINE, Embase, and the
Cochrane Central Register of Controlled Trials (CENTRAL)
databases was conducted, obtaining records from database
TH Open
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conception to August 2019 inclusive. Highly sensitive search
strategies unique to each database were developed
(=Supplementary Table S1-3). Subject headings and key
words were used to form the strategy, which included terms
such as venous thromboembolism, cancer, systemic therapy,
and their synonyms. These phrases were combined with the
methodology term ‘prognosis’. References of included stud-
ies were hand-searched to identify any additional relevant
studies.

Eligibility

Studies were eligible for inclusion if they reported a multi-
variable analysis to model the risk of VTE in patients with
solid tumors undergoing chemotherapy or other types of
systemic therapy. VTE was defined as symptomatic and
incidental pulmonary embolism and deep vein thrombosis.
Only patients with solid tumors, including lymphomas, were
included in this review. Primary brain tumors and leukemias
were excluded due to differences in treatment course and
staging compared with other solid tumors. Additionally,
patients who received thromboprophylaxis or underwent
surgery during the treatment or follow-up period were
excluded. Studies of any study design available in English
were included.

Data Abstraction

Titles and abstracts were screened by two independent
reviewers using pre-defined inclusion and exclusion criteria.
Full-text review was also conducted by two independent
reviewers, with the most important reason for exclusion
documented during this stage. Conflicts at each stage were
resolved through discussion and consensus. A third reviewer
was consulted if consensus could not be reached. Agreement
between reviewers was calculated using Cohen’s kappa (k)
for each step of the screening process.

Data was extracted by two independent reviewers using a
standardized, pilot-tested form designed a priori. Study
characteristics, patient demographics, tumor characteristics,
treatment types, VTE incidence, and all prognostic factors
reported by each study were recorded. For studies that
performed multivariable analysis on a subset of patients,
only the subset was considered for this review. Adjusted
effect estimates for each prognostic factor were drawn,
which were determined using odds ratios (ORs), hazard
ratios (HRs), and sub-distributed hazard ratios (SHRs). For
studies that did not report full multivariable analysis results,
corresponding authors were contacted for this information.
To avoid double-counting patients that were included in
more than one study, corresponding authors of studies
conducted by the same research group were contacted for
clarification around overlapping cohorts.

Selection of Prognostic Factors

The purpose of this review was to identify the most pertinent
prognostic factors for VTE, thus, only studies with adjusted
effect estimates as modeled in multivariable analyses were
included. To further standardize the effect estimates collect-
ed for each prognostic factor, only studies that adjusted for at
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least one of the two factors (i.e., tumor site and/or metasta-
sis) were included. These factors were selected for their
strong association with VTE development according to pre-
vious literature.”*'? Studies with effect estimates that did
not adjust for metastasis and/or tumor type were excluded
from this review, as well as studies that did not report a
measure of association for prognostic variables.

Statistical Analysis

Baseline patient characteristics were summarized using
descriptive statistics based on the available data in the
included studies. If multiple studies reported on overlapping
patient cohorts, the study with the largest sample size from
each research group was prioritized when calculating base-
line characteristics.

Meta-analysis of prognostic factors using the DerSimo-
nian and Laird random effects approach was considered if a
prognostic factor was reported in four or more studies using
the same effect measure.

Risk of Bias Assessment

The quality of each study was assessed using the Quality in
Prognostic Factor Studies (QUIPS) tool.’ The QUIPS tool
assigns the risk of bias as low, moderate, or high in six
domains: study participation, study attrition, prognostic
factor measurement, outcome measurement, study

Records identified through database search
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confounding, and statistical analysis and reporting. The
domain with the highest risk of bias was used to determine
the overall study quality.

Results

Study Characteristics

The search strategy identified 5,988 studies of which 111
underwent full-text review. Fifteen studies were eligible for
final inclusion (=Fig. 1). A descriptive summary of the
included studies can be found in =Table 1. There was
substantial agreement for both title and abstract screening
(k=0.64) and full-text review (k=0.79).

The included studies were published between 2005 and
2019, with six of the 15 studies published in the past five
years. Five studies were conducted in Italy by the same
research group,’* '8 two studies in the United States by
another research group,”-'® and two studies with centres
in the Netherlands, Italy, Mexico, and France were conducted
by another research group.?%?! For the remaining studies,
one was conducted in the Netherlands,?? one in Jordan,?> one
in the United States,”* two in Italy,>>?® and one study

with centres across France, Lebanon, Jordan, Saudi Arabia,
27

Kuwait, and Syria.”” Nine studies were prospective

7,15,18-21,24,25,27 : .
cohorts, and 6 studies were retrospective
cohorts,1416.17.22,23,26

Duplicates removed

v

(n = 6845)

Records screened

(n =857)

Records excluded

h 4

(n = 5988)

Full-text articles assessed for eligibility

Cohen’s kappa = (.64
{n=35877)

Full-text articles excluded
Cohen’s kappa = 0.79

b4

(n=111)

l

Studies included in qualitative synthesis
(n=15)

l

Studies included in quantitative synthesis
(n=7)

Fig. 1 Flow diagram of study selection.

(n=196)

s Duplicate article or conference abstract of a
published paper (n=23)

e Mo full-text or only abstract published (n=18)

* No multivariable analysis (n=14)

e  Patients with blood or brain cancers (n = 12)

* Some patients on anticoagulants (n=6)

s Effect estimate not adjusted for tumour type or
metastasis (n=6)

+ Not all patients on systemic therapy (n=3)

* Effect estimates of prognostic factors not
reported (n=2)

*  One cancer type only (n= 1)

* English translation unavailable (n=1)

s Irrelevant to topic of interest (n=8)
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Table 1 Characteristics of included studies
Author and year Study design | Country Sample size Median follow-up (months)
Abdel-Razeq 201823 Retrospective | Jordan 1677 >4 weeks, median not
specified
Arpaia 2009%° Prospective Italy 124 6, median not specified
Di Nisio 201922 Retrospective | Netherlands 776 10.8 (IQR 5.2-12)
Ferroni (GFR) 201414 Retrospective | Italy 322 9.3
Ferroni (MPV) 2014'>* | Prospective | Italy 589 8.5
Ferroni 20157+ Retrospective | Italy 810 (380 in analysis) 9.2
Ferroni 2016'6* Retrospective | Italy 297 14

Gerotziafas 201727 Prospective France, Lebanon, Jordan, | 1023 6, median not specified
Saudi Arabia,
Kuwait, Syria

Khorana 2005'%** Prospective United States 3003 2.4

Khorana 20087+ Prospective United States 4066 (2701 in analysis) | 2.4 (range 0.2-12.0)

Roselli 201378+ Prospective Italy 505 11.2

Tafur 201524 Prospective | United States 241 Mean 10.4 (SD 3.2)

van Es 201720+ Prospective Netherlands, Italy, 876 6, median not specified
Mexico, France

van Es 201821+ Prospective Netherlands, Italy, 648 5.9 (IQR 3.2-5.9)
Mexico, France

Vergati 201 326 Retrospective | Italy 486 12

Abbreviations: IQR, interquartile range; SD, standard deviation.
*Study conducted by same research group.

**Study conducted by same research group.

“**Study conducted by same research group.

Assessment of Quality

All studies were noted to have some degree of methodologi-
cal flaws (=Supplementary Table S4). In the majority of
studies, the process of identifying and selecting participant
was unclear, resulting in a high risk of bias in study partici-
pation. There was moderate to high risk of bias for study
attrition as the loss to follow-up rates and reasons were not
explicitly described in most studies. Consideration of all
prognostic factors, including variations in treatment, was
incomplete in most studies, resulting in a moderate to high
risk of bias for study confounding. Most studies did not
provide sufficient detail describing the analysis models,
such as how variables were defined in the analysis and the
selection process for the variables that were included in the
model, which led to a moderate to high risk of bias for
statistical analysis and reporting.

Patient Characteristics

Baseline characteristics of each included study are available
in =Table 2. Considering only the study with the largest
sample size when multiple studies reported on overlapping
patient cohorts, this review includes a total of 8,554 patients
of which 456 (5.33%) developed VTE. The median follow-up
time in each study ranged from 2 to 14 months. The mean age
ranged from 50 to 65 years old across studies. Of the included
patients, the most common types of cancers that were
reported were breast (27.9%), lung (20.5%), and colorectal
TH Open
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(14.7%). Overall, 3,967 (46.4%) of patients had metastatic
disease. Of the studies that reported baseline Khorana score
risk category, 1,313 (30.1%) patients were at low risk (0
points), 2,538 (58.2%) at intermediate risk (1-2 points) and
510 (11.7%) at high risk (3+ points). Of the studies that
reported baseline Eastern Cooperative Oncology Group
(ECOG) performance status, 4,855 (82.7%) patients had
a status of 0-1 points and 416 (7.1%) patients had a status
of 2-4 points.

Prognostic Factors for VTE

From the included studies, a total of 42 unique prognostic
factors for VTE were identified. = Table 3 lists the classifica-
tion and frequency of each prognostic factor explored in the
included studies. The multivariable analysis results of each
prognostic factor identified in this review are available in
~Supplementary Table S5. Due to the heterogeneity in
patient population, outcomes reported, definition of prog-
nostic factors, and statistical methods used across studies,
we opted against meta-analyzing the data and provide a
narrative synthesis.

Patient Factors

The most commonly reported patient-related prognostic
factors were age, gender, and ECOG performance status.
Age was analyzed in eight studies (or four patient cohorts).
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Table 2 (Continued)
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Abbreviations: ECOG, Eastern Cooperative Oncology Group; NSCLC, Non-small cell lung carcinoma.

?Age is reported as mean (standard deviation), unless indicated otherwise

*Study conducted by same research group

**Study conducted by same research group

“**Study conducted by same research group

One retrospective cohort study found older age to be a
predictor of VTE.?® Sex was explored in eight studies (or
four patient cohorts). Female was associated with an in-
creased risk of VTE in one retrospective study,?> however, the
remaining studies found no evidence of association. Eight
studies (or four patient cohorts) examined ECOG perfor-
mance status. Five of these studies (or two patient cohorts)
found poor ECOG status to be associated with a higher risk of
VTE.15-18.26

Tumour Factors

Tumour site and the presence of metastasis were the most
commonly investigated tumor-related factors. Nine studies
assessed tumor site. Five studies examined the risk of VTE in
patients with gastric and pancreatic tumors compared with
breast, colorectal, and head-neck tumors. Of these five
studies, two prospective studies (reporting on the same
patient cohort) found an increased risk of VTE in patients
with gastric and pancreatic tumors compared with the other
sites.”'® One multi-institutional prospective study com-
pared only gastric tumors to other sites and found an
increased risk of VTE in patients with gastric tumors.?’
The evidence to suggest that lung, lymphoma, gynecologic,
and genitourinary cancers grouped together were associated
with a higher risk of VTE when compared with breast,
colorectal and head-neck cancers in all three studies that
made this comparison was inconclusive.”?%?2 Presence of
metastasis was investigated in eleven studies. Of the seven
patient cohorts represented across these studies, one retro-
spective study found that metastasis increased the risk of
VTE, > however, the remaining studies found no evidence of
association.

Biomarkers

Eleven biomarkers were assessed to predict VTE. Prechemo-
therapy platelet count was explored in seven studies repre-
senting five patient cohorts and was found to be associated
with a higher risk of VTE in four of these studies (or three
patient cohorts).”'>1%27 prechemotherapy hemoglobin was
explored in five studies representing four patient cohorts.
One patient cohort found that low levels of hemoglobin or
the use of erythropoietin stimulating agents increased the
risk of VTE,”-'° while the other studies found no evidence of
such association. Several individual studies identified novel
biomarkers that were associated with VTE. The Ferroni et al.
and Roselli et al. study group observed that high platelet-
lymphocyte ratio, impaired estimated glomerular filtration
rate (eGFR), and decreased activated protein C function were
associated with an increased risk of VTE.'*'”8 Tafur et al.
found low protein C levels to be a predictor of VTE, along with
high factor VIII levels.?*

Treatment Factors

Seventeen treatment-related factors for the development of
VTE were identified. Gemcitabine and platinum-based com-
pounds were the most commonly investigated treatment
types. Across the seven studies (or four patient cohorts)
exploring gemcitabine use, one study observed a higher
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Table 3 Classification of prognostic factors and number of studies reporting on each
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Patient factors

Age (n=8), gender (n=38), BMI (n=4), ECOG (n =38), Khorana score (n=7), previous VTE (n=1), vascular/lymphatic
macroscopic compression (n=1), cardiovascular comorbidities (n=1)

Tumour factors

Tumour site (n=9), metastasis (n=11), time since cancer diagnosis (n=1)

Biomarkers

Prechemotherapy hemoglobin (n=5), prechemotherapy white blood cell count (n=4), prechemotherapy platelet count
(n=7), low protein C activity (n= 1), high factor VIll activity (n = 1), ThromboPath change (n=1), D-dimer levels (n =4), fibrin
generation (n=1), eGFR (n=1), platelet/lymphocyte ratio (n= 1), neutrophil/lymphocyte ratio (n=1)

Treatment Factors

Hospitalization (n = 1), adjuvant chemotherapy (n = 1), central venous catheter (n = 2), gemcitabine (n=7), platinum (n=7),
fluoropyrimidine (n =5), irinotecan (n=3), anthracycline (n=5), docetaxel (n =4), pemetrexed (n =3), bevacizumab (n=3),
herceptin (n=3), anti-tyrosine kinase inhibitors (n =6), endocrine/anti-hormonal therapy (n = 2), erythropoietin stimulating

agents (n=4), prophylactic myeloid growth factors (n=4), corticosteroids (n =5)

Genetic factors

(n=1)

VEGFA-1190G/A A/A polymorphism (n=1), VEGFA-1154G/A A/A polymorphism (n=1), VEGFA-634G/C C/C polymorphism

risk of VTE in gemcitabine-treated patients compared with
those who were administered other treatment regimens.20
Seven studies representing four patient cohorts investigated
platinum-based compounds. All four patient cohorts
reported the use of platinum-based compounds to increase
the risk of VTE compared with non-platinum-based treat-
ments.'®18:20.22.26 The most commonly investigated biolog-
ical therapy was bevacizumab, which was reported in six
studies representing two patient cohorts. One patient cohort
found that bevacizumab was associated with a higher risk of
VTE when compared with other treatments.'®!” Seven
studies reporting on four patient cohorts investigated the
effect of supportive drug use during chemotherapy, includ-
ing erythropoietin stimulating agents, prophylactic myeloid
growth factors and corticosteroids. The evidence across
these studies to suggest that use of these drugs was associ-
ated with VTE development was inconclusive.

Genetic Factors

Ferroni et al. investigated genetic factors and observed that
certain vascular endothelial growth factor (VEGFA) gene pro-
moter variants, specifically, single nucleotide polymorphisms
(SNPs) in these regions, were protective against VTE.'® The
frequencies of each VEGFA SNP genotype in the study sample
were comparable to a group of healthy controls.

Discussion

This systematic review identified pertinent prognostic fac-
tors in the literature for the development of VTE in patients
with cancer undergoing systemic treatments. We identified
the use of platinum-based chemotherapy compounds and
poor performance status as important prognostic factors for
VTE.

Currently, the most commonly recognized prognostic
factors are those identified by Khorana et al.” A recent

systematic review and meta-analysis assessed the effective-
ness of thromboprophylaxis in patients at an intermediate to
high risk of VTE according to the Khorana score. For these
patients, both direct oral anticoagulants (DOACs) and low
molecular weight heparin (LMWH) significantly decreased
the incidence of VTE.?® However, the administration of
DOACs doubled the risk of major bleeding compared with
the placebo group. Additionally, several trials in the review
reported a higher risk of clinically relevant non-major bleed-
ing in groups receiving DOAC or LMWH compared with
placebo.28 Thus, it is important to carefully consider the
risks associated with anticoagulants against the benefits, and
to appropriately identify patients who are at risk of develop-
ing VTE. One of the limitations of the Khorana score was that
most patients used to derive the scoring model had a good
performance status.”® However, in more recent studies
identified by this review, poor performance status (i.e.,
ECOG performance status >2) increased the risk of VTE
and should be considered independently when assessing
patients for VTE risk.

Given these limitations, modified versions of the Khorana
score which take into consideration additional clinical and
biomarker-based variables have been created, such as the
Vienna CATS® and PROTECHT>C scores. One multinational,
prospective cohort study observed greater predictive power
by these two scores compared with the Khorana score,
mainly due to the addition of D-dimer levels and chemo-
therapy type as variables.”’ However, drawbacks of these
scores include difficulty measuring D-dimer in clinical prac-
tice and an increased complexity of administering scores as
more items are added. In the same study, the incidence of
VTE was still appreciable in patients classified as low-risk by
these scores, with 6-month rates of 5-6% in low-risk patients
and 8-10% in high-risk patients.?°

Metastasis has previously been reported as a significant
prognostic factor for VTE."* In the current review, however,

TH Open  Vol. 5 No. 3/2021 © 2021. The Author(s).
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the evidence to suggest that metastasis was associated with a
higher risk of VTE was inconclusive. Chew et al. conducted
one of the largest database studies of cancer-associated
thrombosis to date and found that for all cancer types
analyzed, metastatic disease increased the risk of VTE com-
pared with localized disease.* However, the risk of VTE is
exacerbated by the administration of certain anticancer
treatments.'®30-32 Thus, the effect of metastasis may have
been lost when adjusted for treatment type in the included
studies. Another possible explanation is the exclusion of
patients with leukemia. Previous studies evaluating metas-
tasis on the risk of VTE included patients with non-solid
tumors."3" Given the high incidence of VTE in patients with
leukemia,*33 inclusion of these patients may have acted as a
confounding factor. Additionally, metastasis did not have a
consistent definition across individual studies, which may
explain the lack of association with VTE. Some studies
included locally advanced disease in their reference group
(i.e., non-metastatic group), while some studies did not
specify. Given that both locally advanced and distant cancer
stages are independent predictors of VTE,3* this may partly
describe the low difference in VTE risk between metastatic
and non-metastatic groups in the included studies.

Gemcitabine and platinum-containing chemotherapy were
the most commonly reported treatment-related prognostic
factors for VTE. Similar to previous studies,>>>” we found that
the use of platinum-based compounds was associated with an
increased risk of VTE across the included studies. The associa-
tion between the use of gemcitabine and VTE was less conclu-
sive, despite previous studies suggesting that this treatment
increased the risk of VTE,>”-3® which may be explained by
adjustment factors and potential confounding.

There are several important limitations to consider. First,
all of the included studies were assessed as having a moder-
ate to high risk of bias. One of the main sources of bias was
potential confounding. Although studies investigated the risk
of chemotherapy types and supportive drugs, details such as
dose and duration of these treatments were unavailable,
which may have acted as sources of confounding. Other
confounding variables may have been missed, as most stud-
ies did not provide an adequate explanation of how their
multivariable models were built and how they selected
which factors to include in their model. Additionally, there
was poor reporting on the analysis models which acted as
another major source of bias. Many studies did not describe
how they defined certain prognostic factors in their multi-
variable analyses, nor how these statistical models were
developed. Second, while some variables were prognostic
in individual studies, we were not able to confirm their
association with VTE in this review. This was due to large
differences in the analysis of prognostic factors across stud-
ies, as our findings were based on the summary results of
individual studies. Although we controlled for at least two
types of adjustment factors (i.e., tumor type and/or metas-
tasis), studies used a diverse set and number of adjustment
factors in their analyses to estimate the effect of each
prognostic factor. Moreover, prognostic factors had varied
definitions and cut-offs across studies or lacked a clear
TH Open
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explanation of how they were defined in the multivariable
analysis altogether. Different summary measures were also
used across studies. Due to these limitations, we were unable
to perform meta-analysis for the prognostic factors that were
identified. In this review, only adjusted risk estimates, with
adjustment factors defined a priori, were collected. Although
this partly standardized the risk estimates that were collect-
ed, a large number of studies were excluded on the basis of
this criteria. Thus, risk factors that may be prognostic in
excluded individual studies are not reported. Finally, many
studies relied on a low number of VTE events or very few
participants who possessed a prognostic factor, which
may have overestimated the effect of some factors in the
individual studies.

Overall, many prognostic factors were identified in this
review, but the effect of these factors on VTE risk is incon-
clusive. These findings should be interpreted in light of the
high risk of bias of included studies and heterogeneity across
studies. There was an overall poor quality in reporting which
is an area for improvement for future prognostic studies.
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