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Abstract

Patients with cancdrave a ninefold increased risk of venous thromboembolism (\¢@iEpared

to the general populatiomhromboprophylaxisvith anticoagulants is the main primary prevention
strategyto reduce VTE incidence in this higtsk population However, the decision to prescribe
thromboprophylaxis is complicated bipe risk of anticoagulantelated clinically relevant
bleeding particularly in ambulatory cancer patients who may have variable bleedinghatks
depend on cancer type, treatment regimen and comorbidities. Therefore, accurately identifying
ambulatory cancer patients wkoll most likely to benefit from thromboprophylaxis those at

high risk of VTE but low risk of bleedingis critical to maximie clinical benefit while minimie

harm. Qrrenty, VTE and bleeding risk scores mmbulatorycancerpatientsare suboptimal
Therefore, improved, individualized prediction tools are neebeelaim of this thesis is to address
current evidence gaps and improve the prediction of VTE and clinically relevant bleedsgig risk
ambulatory cancer patieniBhe specificobjectives of this thesis project dce 1) summarize and
investigate lte association between genetic factors and VTE in cancer patiemesji@)y the
current evidence on biomarkers for VTE prediction in cancer patients, 3) evaluate the association
and longitudinal changex novel biomarkersvith VTE and clinically relevant bleeding in cancer
patients and, 4drain machine learningrediction models for both outcomasing biomarkers,

genetic and clinical factomss predictors

This thesis contains several componeiitse firstchapter reviews the epidemiology of cancer
associated VTE anudighlightstheexistingevidence gaps. Trsecond and thirdhapterexplorel

the associatiobetweeninherited thrombophilizand VTE in cancer patients. Brieflyn the
studies described itnese twoChapters, wéound an increased VTE risk in cancer patients with

nonO blood types, Factor V Leiden and Prothrombin Factor Il G20210A compared to cancer
\'



patients without these thrombophilids the fourth Chapter, weynthesizd current evidence on
blood-basedbiomarkers forVTE prediction and identified nine promising biomarkerswith
predictive values varying basditching of measurementn the study reported in Chapter 5, we
investigated the associat®rbetween inflammatory and cardiac biomarkevgth VTE and
clinically relevant bleeding risk. The results of this study suggest a potemnéghlay between
systemic inflammation, cardiac dysfunction awgulation. IrChapter 6thefinal study of this
thesis, we trained machine learning models for the prediction of VTE and clinically relevant
bleeding in ambulatory cancer patients using genetic, biomarker and clinicalltatoncluding

chapter discusseie key findings, strengths, limitations and implications of this doateseakarch.
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Chapter 1

I ntroducti on

Venous thromboembolism (VTE) is a common and potentialiythifeatening disease, with an
estimated lifetime risk of approximatey10% in the general populatida It refers either to the
formation of a blood clot within a deep vein, whicldesignated as deep vein thrombosis (DVT)

or the situation in which the clot travels to the lungs, called pulmonary embolism (PE). The latter
can cause death and morbidity, the former significant morbidity. VTE is commonly considered
to be a multifactoriatondition provoked by multiple causal and interacting risk factors. Based

on the Rothman causal mogjeaisk factors for VTE are thus predominantly neither necessary

nor sufficient component causes for VTE. Instead, the development of a VTE involves the joint
action of a multitude of component causes or risk factors. One important risk factor contributing
to an increased risk of VTE is cancer and VTE events occurring as a complication of cancer are

referred as cancerssociated VTES.

1.1 Epidemiology of CancerAssociated VTE

Cancer is a major risk factor for VTE. Patients with cancer have a ninefold increased risk of VTE
compared to the general population and overall, cancer is a leading cause of VTE, accounting for
approximately 20% of all VTE cas&8In cancer patients, the risk of VTE is highest within the
first yearfollowing diagnosisdeclines in years two and thréait remains elevated as long as
the cancer existsHowever, the majority of VTE events occur within the firgh6nths after
diagnosis’ The increased risk of VTE during the beginning stages of cancer is likely related to
thehypercoagulability from active cancand the prevalent use of artancer therapies and their
procoagulant effects.

While the general population statistic&®1.0% reflects lifetime cumulative riséf VTE,
the figures reported in cancer populations typically represent@rortor annual incidence. For
instance, populaticbased data have shown that the annual incidence of VTE in patients with
cancer increased from approximately 1% in 1997 to 3.4% in.2Uhi5 increase has been
attributed to improvements in arténcer therapies and thus longer life expectancy and increased

use of diagnostic imaging modalitiegVith the existing continued efforts to improving cancer
1



outcomes, and the expected increase in yearly new cancer cases as a result of population growth
and aging there is no doubt that we can expect the incidence of casseciated VTE to
continue to rise. This presents a serious problem as VTE is associated with a high risk of
mortality, morbidity, poor quality of life (QoL), may interfere with planned-aaticer therapy
regimens and increases the cost of healthcare due to increased use of healthcare¥é%ources.
Specifically, VTE development in patients with cancer is associated with eo&4old

increased risk of mortali%y/®, worse QoL scores in four different QoL questionnafies
chemotherapy omission and treatment défay®% to 86% higher healthcare cdsts'S nearly
threefold as many hospitalizations and days spent in hdspital 1.5 times as many outpatient
claims' (in the American healthcare systecompared to cancer patients without VTE.
Altogether, the existing evidence and epidemiology of caassociated VTE provides a strong
case in the importance wfentifying those at high risk of VTE amchplementing primary

prevention strategies these patients.

1.2 Prevention of VTE in Cancer

Primary prevention refers to fian action taken
who is well and does n% Accdidingte Geoffrey Rase (3985 s e i n
there are two complementary approaches to primary prevention: the population approach and the
high-risk approach. A population primary prevention approach aims to broadly shift and lower

the risk of disease in the population as a whole, whereas aikighbrimary prevention approach

aims to lower the risk of disease in higsk individuals only. In the case of patients with cancer,

a highrisk primary prevention approach for VTE is generally preferred. This is because the

overall prevalencef VTE in non-selecteccancer patients isot high(approximately 3% as

noted above) that the potential risks of treatment (bleedmagoutweigh the potential benefit

(VTE prevention). Furthermore, since canessociated VTE is influenced by rarodifiable

risk factors (e.g., age, cancer type, cancer stage, anticancer treatments, etc.) identifying those in
whom the riskbenefit ratio ofprophylactic therapy is favourable is imperative. As a result,

primary prevention strategies should be tailored to-nigiindividuals who are more likely to

benefit the mostTable 1 summarizes the differing primary prevention strategies recommended

in thecurrent guidelines. Regardless of the setting, the use of preventative measures (either

mechanicallyusing mechanical methods [e.g., compression stockorgs#jarmacologically
2



using anticoagulants) to prevent the development of VTE are referred to as thromboprophylaxis.
The two main types of anticoagulants typically used for thromboprophylaxis include direct oral
anticoagulants (DOACSs) (e.g., apixaban, rivaroxaban) and pardestéimagulants (e.g.,

usually low molecular weight heparin [LMWH], but occasionally unfractionated heparin [UFH],
fondaparinux)Parenteral anticoagulants, although4asing and do not require monitoring, are
administered via injection, either subautausly or intravenously. This method of delivery can
cause discomforteduce patient complian@ad often requires the involvement of a healthcare
providef2°In contrastDOACs aretakenorally, are alsdastacting and do not require routine

monitoring offering a more convenient option for many patients.

Tablel. Primary prevention strategies for cancer patients based on guidelines

Setting General Guidelines Recommendation | Evidence

Surgically o pharmacological thromboprophylaxi o Reduced rates of VTE in

treated cancer

with LMWH, UFH or fondaparinux

surgicallytreated cancer

cancer patients

patients in patients undergoing major surger patients receiving
at a low risk of bleeding for 10 days pharmacological
postoperativelyt 24 thromboprophylaxi-?7
o In cases involving major abdominal Reduced rates of VTE in
or pelvic surgery, extended patients undergoing
thromboprophylaxis is advised unle abdominopelvic cancer
contraindicated 2° surgery with extended
LMWH
thromboprophylaxi
Hospitalized o0 In hospitalized cancer patients who Reduced incidence of VTE

are not actively bleeding and have 1
contraindications to anticoagulation
guidelines recommend
thromboprophylaxis with LMWH,
UFH or fondaparinusd 2429

in medically ill or
hospitalized patients,
including those with
cancer, receiving

thromboprophylaxi¥ 32




Ambulatory o thromboprophylaxis with apixaban, | 0 Reduced rates of VTE in

cancer patients rivaroxaban or LMWH in higher risk ambulatory cancer patient
receiving patients for a duration of up te 6 receiving
systemic therapy months?12533 anticoagulatiory# 38

0 Targeted prophylaxis in
high-risk patients
(identified using the
Khorana score) reduced
VTE incidencé*3®

1.3 Clinical Dilemma and Current Risk Assessment Models

While the thromboprophylaxis recommendations in surgidadigted and hospitalized cancer
patients are generally widely accepted in clinical practice, it is not the same for ambulatory
cancer patients receiving systemic thergtudies have shown that VTE risk assessrsiniy
theKhorana scoré a validated clinical prediction tool that assigns points based on five variables
including cancer type, body mass index, and baseline blood &buarsdthe use of
thromboprophylaxis ithis population remainnderused by cliniciad$*, contrary to existing
guidelines. This low adherence may stem from factors such as clgidiasertainty about the
clinical benefit of thromboprophylaxis in this population, concerns about the risk of bleeding
complications and challenges in effectively assessing VTE risk in ambulatory cancer patients.
Figure 2 outlines the risk and benefits of using thromboprophylaxis in-higkhambulatory

cancer patients receiving systemic therapy. Particularipugatory cancer patients with an
intermediateto high-risk Khorana score (i.e., ¢) are estimated to have ®TE incidence rate

of 9-10%2343%Whether this incidence rate is high enough to justify routine thromboprophylaxis
in this population remains a topic of debate. Additionally, themagligible potential risk of
anticoagulantelated bleeding eventdwhich can increase the risk of mortatit§*and

outweigh the benefits of preventing VTE, may further discourage clinicians from prescribing
thromboprophylaxis in ambulatory cancer patients. This is supported by the numbers needed to
treated (NNT) of 17 and 36 to prevent one VTE event versus numéeded to harm (NNH) of

29 and 59 for the combined risk of major bleeding and clinically relevantagor bleeding
4



(CRNMB) from the two trials evaluating thromboprophylaxis with DOACs compared to placebo

- the AVERT and CASSINI trials, respectivély® In other words, for every 100 patients

treated, approximately four VTE events would be prevented but this comes at the cost of two

patients experiencing a bleeding event, highlighting the difficult balance between preventing

VTE and avoiding harm froméle di ng compl i cati ons. Mor eover,

predictive accuracy may also contribute to its underuse. In the derivation and validation cohorts

of the Khorana scof@ the results show that many patients who experienced a VTE are not

classified as highisk (64.3%) and many patients classified as ‘igk did not develop a VTE

(93.3%). External validation studies have also reporsttistics ranging from 0.50 to7. 45 >°

with sensitivitiesranging from 60% to 91% n d  PflBriv 1% to 36%at thresholds of 3 or
2535860 indicating suboptimal performance dedving room for improvemen®ther risk

assessment models have been developed. The Vienna CATS Score, Protecht Score and Conko

Score are modified versions of the Khorana score, which utilizes other predictors to help

discriminate between higland lowrisk patient$Y 63 Although these modified scores were

developed in hopes of improving VTE prediction, their discriminatory performance in external

validation studies were also suboptimal. The vast majority of-8tatistics for these scores

werebetween 0.50 to 0.7$51:5354 which suggests that these scores pajorm only

marginally better than random chance and matybemore effectivahan the Khorana score.

The COMPASSCAT score focuses more on cancelated predictors and patient comorbifity

while the CATS/MICA score is a simple model with only two factérsiimer and tumor sité.

In external validation studies, thestatistics for these scores varied from 0.62 to 0.91 in three

studie$>>>and 0.66 to 0.68 in two studi@s$® respectively. Importantly, the TiOnco and

ONCOTHROMB scores were derived taking into account both genetic and clinical risk

factors®®5°They have performed significantly better than the Khorana score in identifying high

risk patients for VTE in their derivation cohd®8°but these scores have not undergone

extensive external validation. Nonetheless, these findings provide @roohcept that

including genetic risk factors in risk assessment modelsimagoveVTE risk prediction. There

is a growing consensus that improving VTE risk prediction in ambulatory cancer patients is

warranted to more precisely identify higk patients who are most likely to benefit from

thromboprophylaxis.



Similarly, incorporating an accurate and reliable bleeding risk model could further
support decisiomaking concerning thromboprophylaxis and optimize patient outcomes. Five of
the existing bleeding scores mainly derived in other patient populationsiftiegagulated
patients with atrial fibrillation, VTE or cancassociated VTE) have been externally validated in
patients with cancer in the primary care setting, likely to include ambulatory patients, and the
results showed that none of the scores caatdirately predict bleedirf§ Thus, there is a need
to further refine and develop bleeding risk assessment tools tailored specifically for ambulatory
cancer patients to ensure better prediction and management of both thrombotic and hemorrhagic

risks.

Khorana score <2 No prophylaxis Apixaban:

6-month VTE rate: 5.5%
Ambulatory / ’ o NNT:17

cancer patients o NNH: 29

starting systemic 0 6-month bleeding
therapy rate:10.8%

Rivaroxaban:

o0 NNT: 29

Khorana score 2 Consider prophylaxis 0 NNH: 59 _
6-month VTE rate: 9-10% with apixaban, 0 6-month bleeding

rivaroxaban o MWH rate:4.7%
LWMH:

0 RR:2.14 (0.981.67)
Bao et al 2020

Figure 1. Summary of the clinicatlilemmaregarding the benefit (prevention of VTE) versus
harm (risk of bleeding) of administering thromboprophylaxis to "higtisk" ambulatory

cancer patients

1.4 Risk Factors for CancerAssociated VTE

While the overall VTE risk is increased in patients with cancer, the risk of VTE varies
significantly due to a range otherpatientrelated, cancerelated and treatmentlated risk
factors. Table 1 provides a summary of the existing evidbased risk factors for caneer
associated VTE. Although this list is not exhaustive, it highlights the most researched risk factors

for VTE in larger cohorts of cancer patients.
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Table2. Risk factors for cancerassociated VTE

Patient-related Patient-related Cancer-related Treatment-related
(Acquired) (Inherited)
o Older age®t”8 o Ethnicity®7’ o Primary cancer type:| o Chemotherapy us
o Obesity:6%70 o Inherited Pancreati¢ 76987 5.6,69,70,72.87
o Prior VTE>697174 | thrombophilia: Gastrid, Gastrointestinal o Radiotherapy
o Family history of FVL'88 FGG, | 888 Lung’ 8189 o Surgeryt
VTE"275 Non-O blood Brain®®87 Acute o Targeted
o Renal diseagé typed 86 lymphoblastic therapy©°
o Infectiorf® 0 leukemi&®, Hodgkin and o Immunotherap¥?®S
o Thrombocytosi& nonHodgkin
o Immobility/ lymphoma@, Ovariart®’
hospitalizatior® 71,74 or gynecologié®, Boné”’,

Sarcom&, Myelom&®,
Prostat& and
hematologic
malignancie¥

o Cancer
Stagé,ﬁ,ﬁg,70,74,81,87,90
o Central venous
catheter usé

1.5 Biomarkers of CancerAssociated VTE and Hemostasis

According to the pathophysiology of can@ssociated VTE, the prothrombotic effects of cancer
and its treatment implicate a range of blood biomarkers. As such, it is not surprising that cancer
patients who develop VTE exhibit different biomarker profdespared to those who do not.

For instance, research has demonstrated that cancer patients with VTE have higher levels of

7



tissue factd®°3 microparticle tissue factor activit®*9%6 plasminogen activator inhibitel
(PAI-1)%7, von Willebrand factor((WF)% and soluble Rselectit® compared to those without
VTE. Additionally, complete blood counts (CBC), particularly, platelet counts, white blood
count and hemoglobin, have also been shown to be different in VTE ¥gTrBpatients with
cancer. Specifically, elevated platelet andte/tilood countsas well as low hemoglobiaye
associated with an increased VTE risk in cari®#i®1%These components are important
indicators of hypercoagulability and VTE since they reflect the overall hemostatic environment
which may be altered by the cancer itself, inflammatiocancer treatments. Another common
biomarker known to be higher in patients with cancer who develop VTEdisnBr, a protein
fragment released in the blood when a clot is degréiéef

Furthermore, cancer often induces systematic inflammation, which increases the levels of
various preinflammatory cytokines subsequently triggering hypercoagulation. As such,
biomarkers of inflammation, like-@active protein (CRP) and interleukins (eigterleukin6),
may provide additional insight into the underlying mechanisms of casseciated VTE.
Elevated levels of these biomarkers have been shown to correlate with an increased risk of
thrombosis in cancé&#1%41%, highlighting the crucial role of inflammation in modulating
coagulation pathways in cancer patients. Growth differentiation fa&t¢GDF15), another
inflammatory cytokine, has emerged as a potential biomarker of¥ Tt its role in predicting
VTE specifically in cancer remains underexplored. Given its association with poor prognosis and
bleeding?1%8.19? investigating GDFL5, in addition to other inflammatory biomarkers, could
offer insights into the relationship between inflammation, coagulation and thrombotic risk in this
population.
Similarly, cardiac biomarkers such agé&tminal preB-type natriuretic peptide (NproBNP)
and highsensitivity troponin T (' nT) have been associated with thrombotic and bleeding risk
in noncancer populations, including those with atrial fibrillatamd heart failuret'¥ 24 While
their relevance to VTE and bleeding risk in cancer patients remains unclear, elevated levels of
NT-proBNP and hd'nT may indicate a prothrombotic or pboteeding state, as they often reflect
underlying cardiac conditions known to influence coagutatsnich as atrial fibrillatiod> 117,
heart failuré'® 12t andperipheral artherosclerotic dise&2é23 Further research is needed to
explore how these cardiac biomarkers interact with coagulation pathways in the context of

cancer.



All'in all, given the intertwined roles between systematic inflammation and
cardiovascular stress in the pathogenesis of caagsaciated VTE, investigating inflammatory
and cardiac biomarkers may enhance our ability to predict, diagnose and stratiéy VTE
bleeding risk in patients with cancéwditionally, given the complex interplay between clinical,
blood, and genetic biomarkers in canrassociated VTE and bleeding, traditional risk scores
may not fully capture the multidimensional nature of riskcMae learning approaches offer the
ability to integrate potentially nelinear and interacting variables, and may improve the
predictive accuracy of VTE and bleeding risk tools in cancer patients, which remains to be

explored further.

1.6 Thesis Objectives

In this thesis, the aiwasto fill important evidence gaps relating to VTE and bleeding risk
stratification in ambulatory patients with cancer, with the ultimate goal of improving prediction
and management. The evidence gaps we adattass summarized iRigure 3. Mainly, we aim

1) to summarize and investigate the association between genetic factors and VTE in cancer
patients, 2) to summarize the current evidence on biomarkers for VTE prediction in cancer
patients, 3) to evaluate the association and longitudireadges between novel biomarkesigh

VTE and bleeding in ambulatory cancer patients, and 4) to develop VTE and bleeding risk

machine learning models in ambulatory cancer patients.
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1.7 ThesisOrganization

This thesis is an articleased thesis formatted in accordance with the University of Ottawa
School of Epidemiology and Public Health doctoral thesis guidelezpter 1 provides an
introduction to the research topic, offering a comprehensive view of the background, key
evidence gaps and rationale for this resedttiapters 2 and 3represent the first two articles of
the thesis, aimed at investigating the association between genetic factors, also known as inherited
thrombophilia, and VTE risk in canceafents.Chapter 4 is a systematic review and meta
analysis summarizing the current evidence on the associations between blood biomarkers and
VTE risk in cancer patient€hapter 5represents an analysis of novel and longitudinal
biomarkers for the prediction of VTE and bleeding in cancer patientlaapter 6 presents

VTE and bleeding risk machine learning models in cancer patients. FidhHyter 7 provides

a discussion of key findings from Chapters 2 to 6, including the strengths and limitatidghe and

clinical implications of this thesis.
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Preface to Chapter 2

This Chapter evaluated the association between inherited thrombophilia, suchkG$lood

types, Factor V Leiden and Prothrombin Factor Il G20210A, and rig&rajus
thromboembolism\(TE) and clinically relevant bleeding in a cohort of cancer pati&kitsle

both cancer and inherited thrombophilia are independently associated with increased VTE risk, it
remains controversial whether inherited thrombophilia mutations contribute meaningfully to

VTE risk within the oncologic setting. Thus, we conductedstpoc analysis of patients from
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the AVERT trial (a previous randomized controlled trial evaluating primary thromboprophylaxis
use in cancer patients) to determine whether these genetic variants were associated with VTE or
bleeding during the-fmonth followrup period.The benefit (VTE prevention) and potential harm

(risk of bleeding) of anticoagulation use among cancer patients with specific inherited
thrombophilia was also assess€Hle findings offer insight into the potential utility of inherited
thrombophilia for VTE risk stratificatio and inform ongoing discussion regarding primary

thromboprophylaxis and inherited thrombophilia screening in cancer patients.
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2.1 Abstract

Background: Inherited thrombophilia and cancer both independently increase the risk of venous
thromboembolism (VTE). However, whether the increased VTE risk associated with inherited
thrombophilia exists in cancer patients is less clear.

Objectives: Our objective was to determine the influence of inherited thrombophilia on VTE

and bleeding risk in moderakegh risk ambulatory cancer patients receiving chemotherapy.
Methods: We conducted a posioc analysis using blood samples from patients enrolled in the
AVERT trial to determine if previously recognized thrombophilia gene mutations (Prothrombin
FIl G20210A, Factor XI, Fibrinogen Gamnfgerpin Family A Member 1(Factor V K858R,

Factor XIllII, Factor V Leiden (FVL), and ABO blood) were associated Witk or bleeding

during the months after starting chemotherapy. Logistic regression was used comparing
heterozygous and homozygous mutations (combined) to wild type. VTE rates, bleeding rates and
risk differences for mutations stratified by prophylachti@agulation use were calculated.
Results: Of the447 patients, there were 39 VTE and 39 bleeding events. The odds of VTE were
significantly increased with FVL mutation and n@nblood type [OR5.2 (95%CIl:1.914.7) and

2.7 (95%CI:1.26.1), respectively The use of anticoagulation prophylaxis resulted in complete
protection in FVL patients whereas those not receiving anticoagulation had a VTE rate of 119
per 100 patienyears. Lower VTE rates were also observed in@dslood type patients taking
prophylactic anticoagulation. No other thrdophilia genes tested were significantly associated
with VTE or bleeding.

Conclusions:Our results indicate FVL mutation and ABO blood type may be important VTE

predictors in cancer patients starting chemotherapy.

Keywords: Venous Thromboembolism, Neoplasms, Thrombophilia, Genes, Hemorrhage
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2.2 Introduction
Inherited thrombophilia refers to genetic predisposition to venous thromboembolism{VTE).
These mutations are biologically linked with increased VTE risk due to their direct or indirect
influence on coagulation proteins and factors. For example, twekn@lin inherited
thrombophilia, the Factor V Leiden (FVL) and Prothrombin G20210A mutgtares
characterized by high levels of thrombin and prothrombin, respectidtythe general
population, the prevalence of inherited thrombophilia has been identified iR35P%o0f
patients with VTE<®
In addition to inherited thrombophilia as a risk factor for VTE, cancer is a well
recognized risk factor. The 4Bonth incidence of VTE is nia®Id higher in cancer patients
compared to the general populafiamd represents a common complication contributing to
higher morbidity and mortalit}**? Current guidelines suggest consideration of VTE
prophylaxis in higher risk ambulatory cancer
from two large randomized controlled tridfs*However, some have expressed reservations
about adoption to clinical practiéeTherefore, efforts to identify the highest risk cancer patients
remains a priority to determine which patients would benefit the most from thromboprophylaxis.
The role of inherited thrombophilia on the risk for carassociated VTE remains
controversial. Previous studies have shown varying results from no association to-fokkeven
increased risk of canc@ssociated VTE related to inherited thrombopRfi& For this reason,
the utility of diagnosing thrombophilia remains controversial and such testing is not part of
standard clinical practice, urging the need for more evidence on the association between
inherited thrombophilia and caneassociated VTE. Thistudy aims to evaluate the prevalence
of common inherited thrombophilia gene mutations and their association with the risk of VTE in
ambulatory intermediate>-h i gh ri sk patients (Khorana score
Specifically, the inherited thronaiphilia genes that were measured included: Prothrombin Factor
Il G20210A (F2), Factor XI (F11), Fibrinogen Gamma chain (FGG), Serpin Family A Member
10 (SERPINA10), Factor V K858R (F5), Factor Xlll (F13), FVL and ABO genes. We chose
these genes based owrittpositive association with VTE in the literatdfe&®In addition, we
assessed the association between inherited thrombophilia and bleeding events as well as the

effect of prophylactic anticoagulation among those with thrombophilia gene mutations. We
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hypothesized that those with inherited thrombophilia will have a higher risk of VTE and a lower

risk of bleeding.

2.3 Methods

Study Design

We conducted a posioc analysis of the AVERT trial (Apixaban to Prevent Venous
Thromboembolism in Patients with Cancer). The AVERT trial was a ddliolded randomized
controlled trial assessing the efficacy and safety of apixaban compared to placebo in
intermediateto-high riskcancer patients’ Details on trial methodology and findings have been
published previously? For this poshoc study, inherited thrombophilia was determined using
baseline blood samples and occurrence of VTE or bleeding events was evaluated consecutively
in patients with and without selected inherited thrombopHBleseline blood samples were
available if patients provided a blood sample at their baselineamddonsented to having this
sample used for future genetiocased research. Given that the AVERT trial recorded temporary
or permanent anticoagulation discontinuations during the stlidwfoip period of 7 months
(included one month followap after the &nonth treatment period), our anticoagulation stratified
incidence rates were based on persoe at risk while taking apixaban and perdione at risk
while not taking apixaban. In othetords, patients randomized to the apixaban group
contributed persotime at risk to the ofeinticoagulation stratum when anticoagulation

discontinuation occurred and/or when they were followed up from month 6 to 7.

Participants

Briefly, the AVERT trial enrolled patients with a newly diagnosed or progressive cancer.
Patients had to be 18 years or older with a Khorana score of 2 or more and initiating a new
course of chemotherapy. For this study, all patients enrolled in AVER Tawatirable baseline

blood samples were included.

Variables and outcomes
Patient demographics and characteristics including ethnicity, age, cancer type and sex were
collected at the time of randomization. Data on concomitant antiplatelet or prophylactic

anticoagulation use and discontinuation were collected during the tt@adfop visits. We used
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this data to determine the number of days on and off prophylactic anticoagulation for each
patient. The primary efficacy outcome was VTE, defined for this analysis as objectively
confirmed symptomatic or incidentally detected thromboembolic events inglpdaximal

lower or upper limb deep vein thrombosis (DVT), pulmonary embolism (PE), splanchnic or
cerebral vein thrombosis occurring between the time of randomization (index datejnamdh/
follow-up. For this study, the primary safety outcome was tmepmsite of major bleeding and
clinically relevant normajor bleeding (CRNMB) using the International Society on Thrombosis
and Haemostasis definitioAs?%All outcomes were adjudicated by a central adjudication
committee unaware of study drug assignment.

The inherited thrombophilias assessed included: F2 (rs1799963), F11 (rs2036914), FGG
(rs2066865), SERPINA1O (rs2232698), F5 (rs4524), F13 (rs5985), FVL (rs6025) and ABO
(rs8176719). The thrombophilia gene mutations were identified using the Agena Biescienc
i Pl ex method (Agena Bioscience, San Diego, CA

instructions (Supplemental Table 1).

Statistical Analysis

Demographics and antithrombotic drug usage between individuals with VTE and no VTE were
assessed using descriptive statistics. The prevalence of the genes among those with VTE and no
VTE are reported in Table 1. We evaluated for Hadginberg equilibriunby comparing

observed and expected genotype frequencies using an exact test. Logistic regression was used to
estimate odds ratios (OR) and 95% Confidence Intervals (ClI) for the relationship between the
thrombophilia gene mutations and VTE and bleedingaynés. Exact logistic regression was

utilized when data were too sparse to estimate OR and 95% CI using conventional logistic
regression. Multivariate logistic regression was also used to assess the relationship between
thrombophilia and VTE/bleeding eventile adjusting for the potential confounding effect of
ethnicity (Caucasian vs negdaucasian)All events (VTE or bleeding) during theriionth

follow-up were included. In all analyses, we compared any mutations (including either
heterozygous or homozygemutations) to wild type using all conclusive/nomssing

observations for each mutation. In the case of the ABO gene, we compar@dahmrd types to

O blood types. For each significant thrombophilia gene mutation, incidence rates of VTE and

bleeding wee calculated by dividing the number of events while on or off prophylactic
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anticoagulation by the number of person years of follpnon within each mutation stratum.
Additionally, we calculated absolute risk differences in each stratum. Receiver Operating
Characteristic (ROC) Curves and Area under the Curves (AUC) of the Khswareaand

Khorana score plus FVL and ABO as predictors were computed to compare the classification of
each score. We performed a sensitivity analysis assessing whetherupllmwompeting risk

of death influenced the results using the Fine and Gilagiswibution hazard modeA p-value

below 0.05 was considered statistically significant. All calculations or statistical analyses were
performed in SAS version 9.4 (SAS Institute, Inc., Cary, North Carolina, USA), R Core Team
version 4.2.2 (R Foundation for Statistical Computinggnvia, Austria) or Excel version 16.7

(Microsoft Corporation, Redmond, Washington, USA).

2.4 Results

From the 574 AVERT trial participants, 447 patients (265 females) with a median age of 63 had
baseline blood samples available and were included in this study (Figure 1). The median follow
up was 195 days. The baseline characteristics of the 127 partscypiimout a blood sample for
analysis were similar to those with blood samples (Supplemental Table 2). During theupllow
of 7-months, there were 39 VTE events (8.72%) including 25 DVT, 13 PE, and 1 DVT with PE.
Additionally, there were 39 patients whgperienced bleeding events which included 10 major
bleeding events, 28 CRNMB and one patient who experienced both a major bleeding and
CRNMB. Details on patient characteristics can be seen in Table 1. Compared to patients who did
not experience a VTE, panhts who experienced a VTE had a similar mean age, sex distribution
and use of concomitant antiplatelet agents (Table 1). Consistent with the main findings of the
AVERT trial, prophylactic apixaban use was associated with a reduced risk of VTE (Table 1).
Among the 39 (8.72%) patients who suffered a VTE event, the prevalence of thrombophilia gene
mutations were, F2: 2.56%, F11: 79.5%, FGG: 31.6%, SERPINA10: 0%, F5: 35.9%, F13:
44.7%, FVL: 15.4% and ABO: 79.5%, compared to F2: 1.96%, F11: 75.5%, FGG: 42.3%,
SERPINA10: 0.75%, F5: 45.3%, F13: 43.5%, FVL: 3.44% and ABO: 58.9% in those who did
not get a VTE (n=408, Table 1).

Among the thrombophilia mutations testéglo gene mutationwere significantly
associated with VTE risk. Particularigfter adjustment for ethnicity, the risk of VTE was

significantly increased in patients with FVL mutation compared to those without the mutation
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(adjusted OR: 5.24; 95% ClI: 1.881.70;p=0.0017% and in patients with ne@® blood type

compared to those with O blood type (adjusted OR: 2.72; 95% CH61082p=0.0144)(Table

2). No other thrombophilia genes were significantly associated with the development of VTE
(Table 2). F2 and SERPINA10 showed evidence of increasing risk of VTE however, these
associations were not significant [OR: 1.36; 95% CI: 0111620 and 2.55% CI: 317.17,
respectively] (Table 2). A sensitivity analysis using Fine aray@odels yielded similar results
(Supplemental Table 3). When FVL and ABO were used as predictors in addition to the Khorana
score, the AUC and ROC improved (Figure 2).

Moreover, the risk of bleeding was decreased in patients with F2, F5, FVL and the ABO
gene mutation associated with ROntype blood by approximately 18%, 14%, 62% and 8%, and
increased in patients with F11, FGG, SERPINA10 and F13 gene mutations by 34%4,7856
and 29%, respectively, but none were statistically significant (Table 3). Similar results were
observed when using Fine and Gray analysis (Supplemental Table 4).

To determine the efficacy and safety of prophylactic anticoagulation use in patients with
FVL or nonO blood type, VTE and bleeding rates on and off prophylactic anticoagulation were
calculated, as well as their absolute risk differences (Table 4). Anairems with FVL, the
crude rate of VTE was 0 on prophylactic anticoagulation (O events during 4.24-geessrof
follow-up) and 119.48 (95% CI: 49.6816.28) per 100 persegyears (PY) off anticoagulation (6
events during 5.02 persgrars of followup), resulting in a significant VTE absolute risk
reduction (ARR) of 119.48 (95% CI: 23-235.08) attributed to prophylactic anticoagulation
(Table 4). No bleeding events occurred in FVL patients while on or off prophylactic
anticoagulation (Table 4). AmomgpnO blood type patients, the crude rate of VTE was 6.50
(95% CI: 1.8617.33) per 100 PY on anticoagulation and 34.88 (95% CI: 2806&3) per 100
PY off anticoagulation (Table 4). The crude rates of bleeding in these patients were 22.40 (95%
Cl: 11.5039.74) per 100 PY on anticoagulation and 15.59 (95% CI=-85/30) per 100 PY off
anticoagulation. A significant absolute risk reduction of VTE attributed to prophylactic
anticoagulation in patients with ndgb blood types was observed (ARR: 28.38; 95%1GI52
43.24) meanwhile, there was no significant absolute risk increase (ARI) of bleeding (ARI: 6.82;
95% CI:-9.4523.08) (Table 4).
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2.5 Discussion

In this posthoc analysis of the AVERT trial, we found that FVL mutation and-@dslood
group were more prevalent in patients who developed VTE, such that the risk of VTE was 5.2
and 2.7fold higher for cancer patients with a heterozygous or homozygolusritNation and
nonO blood type, respectively. 30.0% of patients with FVVL mutation developed VTE compared
to 7.8% without FVL, while 11.5% of ne® blood type patients developed VTE versus 4.6%
with O blood type. This higher VTE risk was associated withweer risk of bleeding, albeit not
statistically significant. Remarkably, prophylactic anticoagulation resulted in complete protection
in FVL patients (while taking apixaban) whereas those not receiving prophylactic
anticoagulation had a VTE rate of 119 A€0 patieniyears of observation. All other
thrombophilia gene mutations, including F2, F11, FGG, SERPINA10 and F5, were not
significantly associated with the occurrence of VTE or bleeding events. Additionally, we found
that prophylactic anticoagulatiarse in patients with FVL mutation or n@h blood type
significantly reduced the risk of VTE without significantly increasing the risk of bleeding. To
our knowledge, this is the first study to evaluate several thrombophilia genes in relation to both
the ocairrence of VTE and bleeding events and the efficacy and safety of prophylactic
anticoagulation in cancer patients with thrombophilia gene mutations.

Our findings of increased VTE risk in cancer patients with FVL mutation ciGhblood
type were consistent with previous reports. Particularly, in 2015 and 2020, two large cohort
based studies found that FVL mutation significantly increased the riskiBfy approximately
2-fold in cancer patients and report a prevalence of FVL mutation of approximat&fga &
those who developed a VTE, similar to our finding of 15:4980ther caseontrol studies
evaluating the odds of VTE among cancer patients with FVL mutation compared to those
without, have also reported ORs ranging from 2.2 to 8.1, which again closely aligns with our OR
of 5.216.182225 Degpite the similarities, the present work overcomes some of the limitations from
these previous studies by using fregistry data, adjudicated VTE and bleeding events
occurring after a confirmed cancer diagnosis, ethnadysted ORs and a larger sdenpize
with narrower ClIs. Previous research also supports our findings of increased VTE risk among
those with norO blood types. Specifically, studies showed that patients with pancreatic, bladder
and glioblastoma cancers with n@nblood types had incread odds of VTE compared to O

blood typeg®28 A positive association between r@nblood type and VTE risk was also
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observed in a more recent study including multiple cancer types, but this significant association
was specific for VTE that occurred between month 3 and 24 of fallpwnly.?® There are

known mechanisms of thrombosis related to FVL mutation anednblood types. Patients with

FVL mutation have resistance to activated protein C, which causes inefficient cleavage of factor
VIII by activated protein C, leading to a hypercoagugatthte’®3 On the other hand, patients

with nontO blood types have higher levels of Von Willebrand Factor and Factor VIII compared
to O blood type, which could lead to an increased risk of thromiz&d#s?

F2, F11, FGG, SERPINA1O, F5 and F13 are other mutations that had been reported as
risk factors for VTEL®203%37 |n our analysis, we observed an increased, yet insignificant OR for
Prothrombin F2 G20210A, which could be related to the low prevalence of this mutation, leading
to a lack of power. However, this is consistent with previous stu@silarly, the F11 gene
was not significantly associated with VTE risk, as evidenced by Skille'&tealen though
previous studies have shown it to be an independent contributor to DVT risk-cganoer
patients(37) These results suggest that the genetic influence of this thrombophilia on VTE risk
may not be the same in the cancer population. As for the remaining genes, including FGG,
SERPINAL1Q, F5 K858R and F13, although some studies reported an associatigif Eviilsk
in cancet®20:3536ye did not demonstrate statistically significant associations but the odds ratios
were in the same direction. Particularly, the lower OR attributed to the F5 K858R mutation and
its potential protective effect against VTE aligned with prior stutfiésThe SERPINA10
mutation showed higher odds of VTE, as in an earlier St with a wide CI. On the other
hand, the F13 mutation had a OR of almost 1 and FGG showed a reduced VTE risk which was
the opposite to findings by othéef{%&20:35

While inherited thrombophilia mutations are associated with an increased risk of VTE,
the effects of inherited thrombophilia mutations on the risk of bleeding are less clear, especially
in the cancer population. A recent study including-nancer patientshowed that patients with
FVL and/or Prothrombin G20210A mutations were significantly less likely to experience a major
bleeding or CRNMB event compared to those with both-tyitte gene4® Similarly, another
study revealed that-®lood type was more prevalent in those with bleeding evéinshis
study, while some inherited thrombophilia gene mutations (FVL and ABO) were associated with

an increased risk of VTE, we did not find a significant reduction in the risk of bleeding
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associated with any of the mutations, which could be due to both the modest sample size and the
small number of bleeding events. Future studies should assess the association between both VTE
risk and bleeding events in patients with inherited thrombophilia

Our study has important clinical implications. Currently, standard clinical guidelines do
not recommend thrombophilia screening among cancer patients. However, they do recommend
consideration of primary thromboprophylaxis in patients with significanfaistors for VTE as
they are most likely to benefit from primary prevention ther&gdy The findings of this study
and others’1®29suggest that FVL and ne@ blood types may be considered as additional risk
factors when deciding on the use of primary prophylaxis in cancer patients with a Khorana score
of O 2, especially given the benericiedsedfiskom pr o
of bleeding found in this study.

Our study has limitations. First, the results of this study are limited to patients meeting
the inclusion and exclusion criteria of the A
anticoagulation for other indications, etc. and may not apply to rmtlkecgatients. Second,
residual confounding is possible as we were unable to adjust for the potential confounding effect
of genetic ancestry and family history of VTE since these data were not collected. Similarly, the
pooling of nonCaucasians as one gpwhen adjusting for ethnicity in the analysis could have
led to some loss of information. Unfortunately, given the sparsity of ethnic groups by outcome
and thrombophilia, we were unable to adjust for individual ethnicity. Moreover, the sample size
and thenumbers of VTE and bleeding events were modest, which limited statistical power and
resulted in wide Cldn addition, there were relatively few cancer patients with FVL and the
persontime follow-up was limited due to the design of the AVERT tralcontrast, the
strengths of this study include the inclusion of several inherited thrombophilia gene mutations
and many types of cancers. Additionally, all outcome events were adjudicated by an independent
committee and occurred after an objectively confirroaacer diagnosis. Followp visits were
conducted uniformly for each patient and the data were collected prospectively.

In conclusion, our study indicated that FVL mutation and-@dolood types are
associated with an increased risk of VTE in intermediate toisgrambulatory cancer patients
receiving chemotherapy and these patients benefited from prophylactic antdtmegwith a

low risk of bleeding.
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Tablel.Di stri buti on

of

basel

i ne characteristics

ambulatory cancer patients according to venous thromboembolism (VTE) events

Predictors VTE (n=447) No. of
Yes (n=39) No (n=408) Missing
values
Age, mean years (43D) 62.13 (11.0) 61.26 (11.9)
Sex, n male (%) 18 (46.15) 164 (40.20)
Apixaban use, n (%) 14 (36.90) 207 (50.74)
Antiplatelet use, n (%) 7 (17.95) 81 (19.85)
Primary Type of Brain 4 (10.26) 14 (3.43)
Cancer Breast 0 16 (3.92)
Colorectal 1(2.56) 6 (1.47)
Gastrointestinal 6 (15.38) 32 (7.84)
Gynecological 9 (23.08) 116 (28.43)
Lung 0 44 (10.78)
Lymphoma 7 (17.95) 99 (24.26)
Myeloma 0 11 (2.70)
Pancreas 11 (28.21) 49 (12.01)
Other 1 (2.56) 21 (5.15)
F2 gene, Mutated 1 (2.56) 8 (1.96)
Prothrombin Wild type 38 (97.44) 400 (98.04)
G20210A
F11 gene Mutated 31 (79.49) 308 (75.49)
wild type 8 (20.51) 100 (24.51)
FGG gene Mutated 12 (31.58) 171 (42.33) 5
Wild type 26 (68.42) 233 (57.67)
SERPINA1O gene  Mutated 0 3 (0.75) 1
Wild type 39 (100.00) 404 (99.26)
F5 gene, K858R Mutated 14 (35.90) 182 (45.34)

39
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Wild type 25 (64.10) 223 (54.66)
F13 gene Mutated 17 (44.74) 177 (43.49)
Wild type 21 (55.26) 230 (56.51)
F5 gene, FVL Mutated 6 (15.38) 14 (3.44)
wild type 33(84.62) 393 (96.56)
ABO gene A, B or AB 31(79.49) 239 (58.87)
] 8 (20.51) 167 (41.13)

Abbreviations: F2: Factor Il, F11: Factor XlI, F5: Factor 5, F13: Factor XllIl, FVL: Factor V
Leiden, FGGFibrinogen gamma chain, Serpin Family A Member 10 (SERPINA10), SD:

standard deviation, VTE: Venous Thromboembolism

YAIl thrombophilia gene mutations we tested were in Hanginberg equilibrium other than the

ABO gene.
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Table 2. Effect measures between thrombophilia gene mutations and venous

thromboembolism (VTE) in ambulatory cancer patients

Predictorst Crude OR P-value Adjusted OR?  P-value
F2 gene, Prothrombin 1.36(0.16
1.32 (0.1610.80) 0.7980 0.7779
G20210A 11.20)
F11 gene 1.26 (0.562.83) 0.5783  1.21(0.532.72) 0.6531
FGG gene 0.63 (0.311.28) 0.2016  0.63(0.311.29) 0.2105
SERPINA1O gene 2.72 (618.13) 0.7594 2.57 (617.17) 0.7486
F5 gene, K858R 0.68 (0.341.34) 0.2593 0.67(0.341.33) 0.2570
F13 gene 1.05 (0.542.05) 0.8821  1.01(0.521.98) 0.9780
5.24 (1.86
F5 gene, FVL 5.10 (1.8414.16) 0.0017* 0.0017*
14.70)
ABO gene (ref=0) 2.71(1.216.04)  0.0149*  2.72(1.226.08) 0.0144*

Abbreviations: F2: Factor Il, F1Eactor XI, F5: Factor V, F13: Factor Xlll, FVL: Factor V
Leiden, FGG: Fibrinogen gamma chain, OR: Odds Ratio, SERPINA10: Serpin Family A

Member 10, VTE: Venous Thromboembolism

*Significant association (p<0.05)

&Results determined using exact logistic regression

! Reference category is wild type other than the ABO gene

2Adjusted for ethnicity (Caucasian vs R@aucasian)

41



Table3. Effects measures between thrombophilia gene mutations and bleeding events in

ambulatorycancer patients

Predictorst! Crude OR P-value Adjusted OR?  P-value
F2 gene, Prothrombin

0.83 (04.18) 0.4363 0.82 (04.12)  0.432F
G20210A
F11 gene 1.50 (0.643.51) 0.3457  1.54 (0.663.63) 0.3208
FGG gene 1.74 (0.963.36) 0.1017  1.76(0.91-3.40)  0.0940
SERPINA10 gene 2.72 (618.13) 0.7594 2.73(018.26) 0.7606
F5 gene, K858R 0.86 (0.441.67) 0.6462 0.86 (0.441.67) 0.6495
F13 gene 1.25 (0.652.42) 05001  1.29 (0.662.52) 0.4519
F5 gene, FVL 0.35 (01.67) 0.1538 0.38(0-1.78)  0.170%
ABO gene (ref=0) 0.93 (0.471.81) 0.8201  0.92 (0.471.80) 0.8122

Abbreviations: F2: Factor Il, F11: Factor XI, F5: Factor V, F13: Factor XIll, FVL: Factor V
Leiden, FGG: Fibrinogen gamma chain, OR: Odds Ratio, SERPINA10: $eamiily A
Member 10

&Results determined using exact logistic regression

1 Reference category is wild type other than the ABO gene

2Adjusted for ethnicity (Caucasian vs R@aucasian)

42



Table4. Absolute risk and incidence rates of VTE and bleeding according to FVL mutation and ABO blood type during

anticoagulation

Treatment Mutation VTE Bleeding
group Rates, per 100 PY Risk Reduction Rates,per 100 PY Risk Increase
(95% CI) (95% CI)” (95% ClI) (95% CI)”
On FVL Mutated 0 119.48 (23.88 0 0
prophylactic 215.08)
Anticoagulation FVL Wild 5.35 (1.7912.73) 17.01 (7.36.70)  25.07 (15.3988.77) 8.80 ¢4.71-
type 22.31)
AB blood type 6.50 (1.8017.33) 28.38(13.5243.24) 22.40 (11.5689.74) 6.82 €9.45
23.08)
O blood type 3.05 (0.2814.21) 9.99 (1.37-21.34)  25.45 (12.048.02) 9.89 ¢10.79
30.56)
Off FVL Mutated  119.48 (49.66246.28) -- 0 --
prophylactic FVL Wild 22.36(15.2931.67) -- 16.27 (10.3724.40) --

Anticoagulation type

AB blood type
O blood type

34.88 (23.6849.68)
13.03 (5.8125.59)

15.59 (8.7325.90)
15.56 (7.3429.37)

Abbreviations: 95% CI: 95% Confidence Interval, FVL: Factor V Leiden, VTE: Vembusmboembolism

“Absolute risk reduction for VTE calculated as s@t@ticoagulationl ratén anticoagulatiorand Absolute risk increase for bleeding calculated

as raten anticoagulatiol  ratéff anticoagulation

43



AVERT trial (n=574)
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Figure 1. Thesis objectives based on current evidence gap in ambulatory cancer patients
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2.7 Appendix

Supplemental Tabld. Thrombophilia gene mutation detection method used for the study

1. Multiplex A multiplex PCR was performed as follows:
PCR 1 20ng of template genomic DNA
1 5uL reaction mixture containing:
- 0.1pL (0.5 U) HotStar Taqg enzyme (QIAGEN)
- 0.625puL of 10X HotStar Buffer
- 0.325uL of 25mM (total) MgClI2
- 0.25uL of 20mM dNTP mix
- 0.55pL of forward and reverse primer pool (1uM)
- 1.15pL of water.
The amplification cycles were performed as follows:
Initial activation 15min 953
step:
3-step cycling 20sec 953
Denaturation:
Annealing 30sec 563
Extension 1min 723
Number of cycles 45 cycles
Final extension 3min 723
Hold 43
2. Assessing A few PCR reactions were run on QIAX¢EIIAGEN) to assess the
Amplification | amplification (1uL of PCR in 9uL of DNA Dilution Buffer (QIAGEN))
3. SAP This is followed by a shrimplkalinephosphatase treatment to deactivate t
Treatment unused nucleotides which includes the following additions:
1 0.2uL of SAP Buffer
1 0.3pL of SAP
1 1.5uL of water
SAP cycling was 33 for 40min followed by 83 for 10min and a hold at
43 8
4. Primer Next, a primer extension reaction (iPLEX Gold) was performed as follows
Extension 1 0.94uL of extension primer mix
1 0.2uL of iPlex Terminator
1 0.2uL of iPlex Buffer
1 0.041pL of iPlex Thermo Sequenase
1 0.619uL of water.
5. Desalting The products are desalted using 6mg of resin (Agena Bioscience).
6. Mass Then, products were spotted on a-g®int SpectroCHIP (Agena Bioscience
spectrometry | using a nanodispenser. The distinct masses were determined by MAMDI

massspectrometry and data were analyzed using MassARRAY Typer
Analyser software.

46



Supplemental Tabl@. Distribution of baseline characteristics between participants and nion

participants of poshoc analysis

Predictors Non- Participants
Participants (n=447)
(n=127)
Age, mean years (43D) 61.74(12.06) 61.36 (11.85)
Sex, n male (%) 54 (42.86) 182 (40.72)
Apixaban use, n (%) 70 (55.56) 221 (49.44)
Antiplatelet use, n (%) 97 (76.38) 359 (80.31)
Primary type of  Brain 6 (4.76) 18 (4.04)
cancer Breast 1(0.79) 16 (3.59)
Colorectal 6 (4.76) 7 (1.57)
Gastrointestinal 10 (7.94) 38 (8.50)
Gynecological 22 (17.46) 125 (27.96)
Lung 15 (11.90) 44 (10.78)
Lymphoma 38 (30.16) 106 (23.71)
Myeloma 4 (3.17) 11 (2.46)
Pancreas 18 (14.29) 60 (13.42)
Other 6 (4.76) 22 (4.92)
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Supplemental Tabl&. Effect measures between thrombophilia gene mutations and venous

thromboembolism (VTE) events in ambulatory cancer patients

Predictors! Crude SHR P-value Adjusted SHR?>  P-value

F2 geneProthrombin
1.45 (0.1911.13) 0.7233 1.50 (0.1911.60) 0.6968

G20210A

F11 gene 1.36 (0.663.10) 0.4646  1.30 (0.582.91) 0.5326
FGG gene 0.69 (0.341.37) 0.2858  0.69 (0.341.37) 0.2844
SERPINA1L0 gene NA NA

F5 gene, K858R 0.74 (0.381.43) 0.3633  0.73(0.381.42) 0.3587
F13 gene 1.04 (0.542.00) 0.9166  1.01(0.531.96) 0.9686
F5 gene, FVL 4.44 (1.8810.49)  0.0007*  4.26 (1.8010.08) 0.0010*
ABO gene (ref=0) 2.47 (1.145.36)  0.0222*  2.50 (1.155.41) 0.0204*

Abbreviations: F2: Factor I, F11: Factor XI, F5: Factor V, F13: Factor XIII, FVL: Factor V
Leiden, FGG: Fibrinogen gamma chain, SERPINA10: Serpin Family A Member 10, SHR:
Subdistribution Hazard Ratio, VTE: Venous thromboembolism

*Significant association (p<0.05)

&Results determined using exact logistic regression

! Reference category is wild type other than the ABO gene

2Adjusted for ethnicity (Caucasian vs R@aucasian)
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Supplemental Tabld. Effect measures between thrombophilia gene mutations and bleeding

in ambulatory cancer patients

Predictorst Crude SHR P-value Adjusted SHR?>  P-value
F2 gene, Prothrombin

G20210A NA NA

F11 gene 2.02(0.805.11) 0.1385  2.07 (0.855.08) 0.1110
FGG gene 1.86 (0.993.51) 0.0550  1.86(0.993.51) 0.0546
SERPINA10O gene NA NA

F5 gene, K858R 0.85 (0.451.61) 0.6147 0.85 (0.451.61) 0.6170
F13 gene 1.23 (0.662.31) 0.5182  1.26 (0.672.35) 0.4728
F5gene, FVL 0.35 (61.67) 0.1538 0.38 (61.78)  0.170%
ABO gene (ref=0) 0.93 (0.471.81) 0.8201  0.92 (0.471.80) 0.8122

Abbreviations: F2: Factor Il, F11: Factor XI, F5: Factor V, F13: Factor XIIl, FVL: Factor V
Leiden, FGG: Fibrinogen gamma chain, OR: Odds Ratio, SERPINA10: Serpin Family A
Member 10, SHR: Subdistribution Hazard Ratio

&Results determined using exact logistic regression

! Reference category is wild type other than the ABO gene

2Adjusted for ethnicity (Caucasian vs R@aucasian)
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Preface to Chapter3
This Chapter presentssystematic review and metaalysisexamining the association between

inherited thrombophilia and thresk of venous thromboembolisnVTE) in cancer patients with

compared to cancer patients without inherited thrombop®iizenthatsomeinherited
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thrombophilia such asractorV Leidenand Prothrombirractor 1G20210A have a low
prevalenceachieving a sufficiently powered study would reqlérge patient cohorts and
significant resource§ o address this gap and enable more robust inferewesynthesized the
available evidence to compare VTE risk in cancer patients with versus without inherited
thrombophilia to achieve sufficient power. In addition, we explored how differences in treatment
setting, followup duration and outcome definitionsayninfluence the potential associations. The
findings offer a more comprehensive understanding of the potential role of inherited
thrombophilia in canceassociated thrombosis and may help guide future research and clinical

decisionmaking regarding primgrthromboprophylaxis and genetic testing in oncology.
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3.1 Abstract

Background: In the general population, individuals with an inherited thrombophilia have a
higher risk of thrombosis, but the effect of inherited thrombophilia on the risk of eancer
associated venous thromboembolism (VTE) remains controversial.

Objectives: Our objective was to determine the risk of VTE in cancer patients with inherited
thrombophilia.

Methods: We conducted a systematic review and nagtalysis of studies reporting on VTE

after a cancer diagnosis in adult patients who were tested for inherited thrombophilia. In
September 2022ye searched Medline, EMBASE and Cochrane Central. Two reviewers
screened the abstracts/ftaixts and assessed study quality using the QUIPS tool. We used
MantelHaenszel randoreffects models to estimate pooled odds ratios (OR) of VTE and 95%
confidencemtervals (95%Cl).

Results:We included 37 and 28 studies in the systematic review andanatgsis, respectively.
Most studies focused on specific cancer types and hematologic malignancies were rare. The risk
of VTE wassignificantly higher in cancer patients with "@n(compared to O) blood types [OR:
1.56 (95%CI: 1.28..90)], FactoV Leiden (FVL) and Prothrombin Factor Il G20210A

mutations compared to wild types [OR: 2.28 (95%CI: 13518) and 2.14 (95%CI: 1.14103),
respectively]. Additionally, heterozygous and homozygous Methylenetetrahydrofolate Reductase
C677T had ORs of 1.5@5%CI: 1.002.24) and 1.38 (95%CI: 0.87.22), respectively. Among
those with PlasminogeActivator Inhibitorl 4G/5G, Vascular Endotheli@rowth Factor

(VEGF) A C634G and VEGF C2578A mutations, there was no significant association with VTE.
Conclusions:In conclusion, this metanalysis provided evidence that rROrblood types, FVL

and Prothrombin Factor Il G20210A mutations are important genetic risk factors for VTE in

cancer patients.

Keywords: genes, hemorrhage, neoplasms, thrombophilia, venous thromboembolism
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3.2 Introduction

The risk of venous thromboembolism (VTE) is nilo& higher in cancer patients compared to
the general populatidrand represents a common complication contributing to elevated health
care expenditures, morbidity and mortality in this populatiiVhile malignancy itself
correlates with hypercoagulability, the incidence of VTE varies based on individual patient,
tumor and treatmesrelated factors. Amongst the risk factors, inherited thrombophilia is well
known for directly or indirectly influencopcoagulation proteins or factors, causing a genetic
predisposition to VTE. The two most common inherited thrombophilias in the Caucasian
population are the Factor V Leiden (FVL) and the Prothrorfbictor 1G20210A mutations. In
the cancer population, étprevalence of these mutations range from 2:8486% and 2.05%
3.91% overall, which increases to 4.23%46% and 2.5699.62% in cancer patients with VTE,

respectively’ 11

Despite a higher prevalence of inherited thrombophilia among cancer patients with VTE,
previous studiesvaluating the association between inherited thrombophilia and VTE report
varying results. Measures of association ranging from no association to moderate or large effect
sizes have been reporte&tt* causing controversy around the utility of determining the status of
inherited thrombophilia in cancer. Currently, inherited thrombophilia screening among cancer
patients is not part of standard clinical practice. However, current guidelines recommend
consderation of primary thromboprophylaxis in higisk patients> 18 which could include
those with certain inherited thrombophilia. The lack of conclusive evidence urges the need for
high-quality data on the association between inherited thrombophilia and -esscmiated VTE.
Considering that most inherited thrombopd({li.e., FVL and Prothrombin G20210A) are not
common’ 1 achieving a sufficiently powered study would require testing for inherited
thrombophilia in a large number of patients at considerable cost. For these reasons, we conducted
a systematic review and medaalysis to investigate the association of inhetitedmbophilia
genes or gene mutations with the risk of developing ceasswciated VTE. We aimed to search
all published observational and interventional studies to calculate odds ratios (OR) overall and in

various subgroups of cancer patients.



3.3 Methods

This systematic review was conducted and reported in accordance to the Preferred Reporting
Items for Systematic Review and Me&aalysis Protocols (PRISMA) and updated Preferred
Reporting Items for Systematic Reviews guideliti®8 The protocol for this study has been
published in the Open Science Framework Registity$://doi.org/10.17605/0SF.I0/GQUKW

previous to starting the review. An a posteriori decision to split the results of the common pre

published protocol into two components (inherited thrombophilia and biomarkers) was made to

ensure sufficient details are reported and to facilitate redgadoild interpretability.

Search Strategy

A systematic literature search was conducted in Medline (Ovid interface), EMBASE (Ovid
interface) and Cochrane Central from inception to SeptemBe2@®. The overall search
strategy included key terms relating to VTE, biomarkers, genetics and cancer (Supplemental
Appendix 1). The references of included articles were also searched for studies that met

eligibility criteria.

Eligibility Criteria

We included studies that adhered to the following inclusion criteria: 1) observational (cohort or
casecontrol) or interventional study, 2) written in French, English, Chinese or Persian, 3) study
patient population were human adult patients with cangeepbrted on the occurrence of first
VTE, defined as objectively confirmed symptomatic or asymptomatic first VTE events including
upper and lower limbs deep vein thrombosis (DVT), pulmonary embolism (PE) and splanchnic
or cerebral vein thrombosis and Bported a measure of association (or ability to calculate)
between thrombophilia genes/gene mutations and VTE such as Odds Ratio (OR), Hazard Ratio
(HR) or Relative Risk (RR). Studies were included regardless of length of fofjcand method

of gene/mutabn measurement. The decision to include only inherited thrombophilia genes
instead of all gene mutations was made a posteriori to reduce the high number of included
studies with a narrower inclusion criteria and to remove the heterogenoussjp@eedic ggne
mutations. We excluded studies that reported on leukemia or myeloproliferative neoplasms

(MPN) because they might have specific malignancy related predisposition to certain VTE (such
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as MPN associated splanchnic vein thrombosis), and do not reflect the general cancer population.
In addition, prolonged thrombocytopenia and platelet dysfunction are common, which may

confound outcomes$¥ 23 This exclusion was not part of the original protocol.

Selection Process

Two reviewers independently screened the titles and abstracts of the articles using Covidence
Systematic Review Software (Covidence, Melbourne, VIC, Australia). Consecutively, the full
texts of all potentially eligible articles were independently screbgébe reviewers. Any
disagreement regarding the inclusion of an article was resolved via consensus or by a third
reviewer. For fullitext articles with missing data to determine eligibility, reviewers contacted, or

attempted to contact, the correspondinthar for clarification.

Studies that met the inclusion criteria were selected for data extraction. The data was
collected using a pilot tested standardized electronic form. In our protocol, we prespecified that
all data from articles meeting eligibility criteria would be collédtedependently by two
reviewers. However, given the unexpected large quantity of data and studies included based on
our protocol (n=138; 7 reporting on both biomarkers and genes, 102 reporting on biomarkers
only and 29 reporting on genes only), one reeeextracted the data of each included study and
a second reviewer independently extracted the data of a random sample of the included articles
(~20%). This allowed us to evaluate the accuracy of the data extraction of the primary data
extractor by which w found approximately 92% agreement. We extracted the following data:
study characteristics (e.g., title, authors, year of publication, setting), methodology (e.g. study
design, eligibility criteria, length of followap), study population (e.g. sample siage, sex,
anticancer treatments), outcome (e.g. VTE definition), exposure of interest (e.g. gene or
mutation, assay, method of measurement, risk alleles) and measures of association with
confidence intervals or raw data (e.g. OR, HR, RR, 2x2 tablestkdres with multiple reports,
the data was extracted separately and the most recent report with the largest sample size was

used when there were overlapping populations.

Risk of Bias Assessment;:



Two independent reviewers assessed the risk of bias (ROB) of each included study using the
Quiality in Prognostic Studies (QUIPS) tool. The QUIPS tool contains six domains

participation, attrition, prognostic factor measurement, outcome measuremengnctmfoand
statistical analysis and reportinghat need consideration when evaluating the validity and risk

of bias in prognostic factor studies. Each domain was rated as high, moderate, low or unclear risk
of bias andhe overall risk of bias of eaclusly was determined by rating of each domain,
collectively.Raters also reviewed the studies for publication bias when more than 10 studies

were included in the metanalysis using funnel plots.

Data Synthesis:

Studies that reported a measure of association (or reported sufficient data to allow calculation)
between gene/gene mutation and VTE occurrence were included. Aanadyais of a specific
gene/gene mutation was performed when two or more studies prova@ladcessary data (i.e.,

raw data or 2x2 table data). Due to the group size imbalances between the majority of the
genes/mutations and event data, we used the Meatszel randoreffects model with

treatment arm continuity correction (TACC) insteadn&DerSimonian and Laird inverse

variance randoreffects model. However, as suggested in the article of Sweeting et at, 2004
performed sensitivity analyses using other pooling or continuity correction methods (i.e., Mantel
Haenszel random effects model with 0.5 continuity correction added to zero cells, DerSimonian
and Laird inverse variance randafiects model with TACCjo assess the impact of different
assumptions. Additionally, sensitivity analyses were also performed to determine the influence
of studies not in HardWeinberg equilibrium (HWE). Heterogeneity among studies was
assessedsing the 4 statistic. f below 3% was considered as nonportant heterogeneity? |
between 30% to 75% was considered moderate;%aimbVe 75% was considered considerable
heterogeneityThe genes/gene mutations that could not be Jaesdyzed were narratively
summarized in a supplemental table. Subgroup and sensitivity analyses (when possible) were
performed to investigate the potential differences in outcomes in certain patient pogulatio
Particularly, we evaluated the effect of the genes/gene mutations in studies with a) different
treatment settings (i.e., perioperative, other anticancer treatment), b) lengths ofuip|lopv

VTE definitions (i.e., DVTonly, DVT and PE, DVT or PE with other unusual sites of VTE such
as portal vein thrombosis, etc.) d) risk of bias and e) Hardy b&egnequilibrium. We assessed
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the certainty of evidence using the grading of recommendations assessment, development, and
evaluation (GRADE) approadd A p value of 0.05 or less was considered statistically

significant and all analyses were performed ustnggrsion 4.2.3 (R Core Team and R

Foundation for Statistical Computing, Vienna, Austria) and RStudio version 2023.06.1 (Posit

software, PBC, Vienna, Austria).

3.4 Results

A total of 4274 studies were screened for eligibility, of which 3433 and 814 were excluded after
title and abstract screening and ftdkt screening, respectively (Figure 1). Eventually, 37

studied® 12.14.2658 (27 studies identified via search strategy and 10 studies identified via reference
list searching) involving different cancer types and treatmeats wcluded in the systematic
review, of which 28 studiég1114.2630,32,33,37,38,40.433,85,57.59yere included in the met@nalysis
(Supplemental Table 1). Key study characteristics and estimates are shown in Supplemental
Tables 2 and 3. From the 28 studies included in the-aretlysis, 9 studies included various
cancer types while the remaining 4f@idies were in selected cancer types (3 lung, 3 multiple
myeloma, 2 brain, 2 bladder, 2 breast, 2 gynecologic, 1 testicular, 1 lung or gastrointestinal, 1
pancreas, 1 colorectal and 1 breast or gastrointestinal). The majority of studies were cohort
studies (11 prospective and 7 retrospective) while the other 10 wereoasel studies. The

studies were either conducted in surgical (n=6) or mixed treatment settings (n=30), which we
analyzed jointly and separately with the use of subgroups because ssia@egdditional risk

factor for VTE and followup durations were shorter in these studies.

The ROB assessments for the QUIPS domains of each included study are summarized in
Supplemental Figure 1. Many studies had overall moderate to high risk of bias due to
confounding and bias due to study participation or outcome measurement. Bias dug to stud
attrition could not be determined in the majority of studies due to missing information on patient
eligibility and follow-up. The numbers of overall low, moderate and high risk of bias studies
included in the metanalyses of each gene are reported gufs 2.

Twenty-nine thrombophilia genes or mutations were evaluated for VTE risk, however 22
were only evaluated in a single study and therefore, could not beamediezed (Supplemental
Table 1). The estimates and 95% confidence intervals (95% CI) of theseogemasitions are
summarized in Supplemental Table 4. The seven thrombophilia genes or mutations that were
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metaanalyzed include ABO blood type, FVL, Methylenetetrahydrofolate Reductase (MTHFR)
C677T, PlasminogeActivator Inhibitor1 (PAI-1), Prothrombin Factor Il G20210A, Vascular
Endothelial Growth Factor (VEGF) C634G and Vascular Endothelial Growth FY¥EGK)
C2578A.

Seven studies reported on the association betwee®rnood types and VTE.2850
52,5557|n cancer patients with ne@ blood types, the overall pooled OR for VTE was
significantly increased [OR: 1.56 (95% CI: 1.280), F= 0%] compared to cancer patients with
O blood type (Table 1). The odds were increased in both surgical and mixed treatment settings
and remained increased irrespective of folaadurations (Figure 3). Removal of the study that
included screeningetecte VTE?® rather than only symptomatic events did not significantly
change the pooled estimate (Figure 3). When the-arelysis was restricted to studies with low
risk of bias [n=5 (71%); Figure 2], the association betweerdiood group and VTE
remained theame (Figure 3).

In the 18 and 13 studies evaluating RPW11.1427.29,32,33,38,4041,48,49,53.59nd Prothrombin
Factor Il G2021814.27,32,33,38,40,42,43,48.49.53§8ne mutations, respectively, the overall odds of
VTE were 2.28 (95% CI: 1.53.48, P=52%) and 2.14 (95% C1..14-4.03, P=20%) in those
with a gene mutation (Table 1). The pooled odds of VTE were increased in treppsal and
mixed treatment settings for both mutations, although only statistically significant in the mixed
treatment setting (Figure 3). Several studiesmdit specify the followup durations, which
affected our ability to accurately perform a subgroup analysis by the length of-fgdl¢Rigure
3). When the metanalysis was restricted to studies that included VTE events with unusual sites
of VTE (i.e., portal vein thrombosis), the association between FVL mutation and VTE increased
while the association between Prothrombin Factor Il G20210A mutation and VTE remained
unchanged (Figure 3). The association between FVL mutation and VTE also rsiairiar
when the metanalysis was restricted to studies with low risk of bias whereas the association for
Prothrombin Factor Il G20210A mutation was similar but a wider 95% CI was observed (Figure
3). We found no publication bias according to the fuiphats for the analyses on FVL and
Prothrombin Factor Il G20210A gene mutations (Supplemental Figure 2).

In the remaining genes or mutations, we found that heterozygous and homozygous
MTHFR C6771426.3349.53yere associated with pooled ORs for VTE of 1.98%Cl: 1.062.24)

and 1.38 (95%CI: 0.82.22), respectively, but, only a heterozygous mutation was borderline
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significant (Table 1). Among those with heterozygous and homozygoud RGI5G6.38.49.53
VEGFA C6343%4"and VEGF C2578&-%" no significant increase in the odds of VTE were
found, but moderate to considerable heterogeneity was observed (Table 1).

Sensitivity analyses restricted to Markéenszel with 0.5 correction for zero cells,
inverse variance weighting with TACC, removal of matched-casérol studies, and removal of
studies not in HardyVeinberg equilibrium yielded similar results (Supplenad Table 5, Figure
3, Supplemental Figure 3 & 4). Additionally, a sensitivity analysis limited to studies including
only lower extremity DVT or PE as events revealed similar results for FVL and a higher OR for
Prothrombin Factor Il F20210A with a widesrdidence interval (Supplemental Table 6).

3.5 Discussion

VTE is commonly regarded as a multicausal condition, driven by interactions between acquired
and inherited risk factors. In the cancer population, large cohort studies have demonstrated that
age, cancer type, metastasis, chemotherapy, surgery, radiotrerdpatient history of VTE are

the most commonly recognized canessociated VTE risk factors contributing to its

pathogenesis. In this systematic review and raatlysis investigating the role of inherited
thrombophilia on the risk of caneassociaté thrombosis, our findings suggest that inherited
thrombophilia including ABO blood type, FVL and Prothrombin FIl G20210A mutations are

also important risk factors contributing to thrombotic risk in cancer. By performing a meta
analysis, we found that cagrcpatients with a ne@® blood type, FVL or Prothrombin FlI

G20210A mutation had a 1.5&.28 and 2.14fold increased risk of subsequent VTE compared

to patients with O blood type or wild type genotypes, respectively. When a subgroup analysis (by
treatmat setting) was performed, the association between inherited thrombophilia and VTE risk
was comparable for both surgical and mixed treatment settings.

The results that we observed are consistent with previous existing research. Our finding
of increased VTE risk in patients with a r@nblood type was reported in three previous meta
analyses, one including all cancer studies (including pediatric andiéubatients), and the
others including various patient populations. In these ‘aetdyses, noi® blood type was
significantly associated with VTE, with ORs ranging from 1.74 to ¥09thereby closely
aligning with our OR of 1.56. The magnitude of our association is slightly smaller than the other
studies, but the significant heterogeneity observed in the other tweamediges provides
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evidence that the risk may vary in different patient populations. Prior research has attributed the
increased risk of VTE in ne® blood types to higher levels of Von Willebrand Factor and

Factor VIII level. The positive association between VTE risk antd &vd Prothrombin FlI

G20210A mutations was also reported in a raetalysis conducted in the general population.
Additionally, we recently analyzed these three inherited thrombophilia genes in a cohort of 447
ambul atory cancer pat i%Similasto auictrtent studywedauraln a s c o
that cancer patients with ngd blood type, FVL and Prothrombin FIl G20210A mutations had

an increased risk of subsequent VTE [adjusted ORs: 2.7261082, 5.24 (1.84.4.70), 1.36

(0.16:11.20), respectively]. Carin effect measures of the study are larger compared to the

results of this metanalysis, which could be due to both the inclusion of higher risk patients
(Khorana score O 2) and the smaller sample si
analyss theupdated pooled effect measures are 1.61 {1.28), 2.31 (1.58.39) and 2.08

(1.16:3.72) for ABO, FVL and Prothrombin FIl G20210A, respectively.

Moreover, our findings related to the MTHFR C677T, RAMG/5G, VEGFA C634G
and VEGF C2578A mutations also aligns with previous literature but were limited in the small
sample size and significant heterogeneity. In this ragtdysis, we found a mildy ineased risk
of VTE in cancer patients with heterozygous MTHFR C677T mutation (but not homozygous).
Given the small number of studies included, publication bias could not be assessed but was
possible, and the small sample size limited the certainty of ihégxiimate. The finding of no
association between the RAIAG/5G mutation and VTE risk in cancer in this stumlyin an
earlier study’® suggests that the genetic influence of this thrombophilia on VTE risk is not
relevant in cancer patients.

A subgroup analysis by treatment setting was performed in an attempt to estimate its
influence on the association between inherited thrombophilia and VTE risk. We compared
surgical vs mixed treatment settings on the basis that cancer surgery itseljos eskdéactor
for VTE, and since a prior study in colorectal cancer patients reported a higher owazail 1
incidence rate of VTE in surgical patients with thrombophilia mutations compared to without.

In our study, we found that studies recruiting only surgical patients had consistent ORs to studies
with mixed treatment settings. But, for FVL and Prothrombin FIl G20210A mutated patients, the
ORs were only statistically significant in the mixed treattrsattings, likely due to the small

number of surgical studies, which resulted in a wide 95% CI. Nonetheless, the finding of
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relatively similar ORs between surgical and mixed treatment setting studies is still an interesting
finding given that followup durations were mostly short in the surgical studies (rangglll
months) compared to those with mixed treatment patiesmgér 3 120 months).

Our metaanalysis provides clinical implications for cancer patients with inherited
thrombophilia. NorO blood type, FVL, and Prothrombin Fll G20210A mutations may be risk
factors to consider when assessing for VTE risk and deciding whether to use primary
thromboprophylaxis. Although we could not analyze the results by anticoagulation use, in
previous studies, a lower incidence of VTE was reported in patients with inherited thrombophilia
during prophylactic anticoagulation uS€*Remarkably, the evidence also suggests that the risk
of bleeding may not be increased in f@rblood type and FVL mutated cancer patients taking
prophylactic anticoagulatiott.Other evidence also suggests that the combination of both clinical
and genetic variables might better identify cancer patients at high risk ofA#THowever,
currently, inherited thrombophilia screening is not part of standard clinical practice and is still a
matter of debate. The celsénefit and utility of inherited thrombophilia screening in cancer
patients should be verified in future researctpdrticular, the impact of inherited thrombophilia
screening on treatment decisions remains an important area of study.

There are some limitations to consider in our study. First, there were many inherited
thrombophilia gene mutations that were only reportezhim study or did not provide the
necessary data for pooling, limiting our ability to matelyze results and make pooled
inferences for these mutations. Second, ethnicity was commonly missing from included studies,
preventing us fronperforming subgroup analyses by ethnicity. Similarly, the majority of studies
did not control for ethnicity, family history of VTE oegetic ancestry, which could have led to
residual confounding. Moreover, the included studies were commonly heterogenous in terms of
patient characteristics and study design, which caused some heterogeneity in our pooled
estimates and may limit generaliziélp to certain patient populations. Our study did not address
the cost effectiveness and other potential implications of thrombophilia testing (such as
implications on insurance, psychological anxiety, etc.) in patients with cancer, and whether
testing br thrombophilia could influence the decision of thromboprophylaxis remains unclear.

In contrast, there are important strengths to our study. To our knowledge, this study is the
first and largest metanalysis to determine the risk of VTE in cancer patients with inherited

thrombophilia. We included a large number of studies and partisigalting higher statistical
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power than individual studies. Additionally, we performed different subgroup analyses which
allowed us to explore potential differences in VTE risk in subgroups of cancer patients.

In conclusion, our metanalysis confirmed that ne@ blood type, FVL and Prothrombin
FIl G20210A mutations are risk factors for VTE in the cancer population. The findings may

carry clinical implications and further studies are needed.
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Tablel. Risk of venous thromboembolism (VTE) in cancer patients with inherited thrombophilia compared to titdsaut

Thrombophilia N of Mutated Wild 12 (%) Pooled OR P-value | Certainty of evidence
Gene/Mutation | studies | VTE | Total | VTE | Total (95% CI) (GRADE)&
ABO blood type 7 362 | 2759 | 165 | 1960 0 1.56 (1.281.90) <0.001 |g g5 ¢ High
Factor V Leiden 18 218 701 | 1226 | 7707 | 51.7 | 2.28 (1.513.48) <0.001 |g g & t Moderate
Due to risk of bias
MTHFR C677T 5 146 300 190 | 441 34 1.50 (1.002.24) 0.0473 |« & tt Low
(heterozygous) 1.38 (0.872.22) 0.1756 _ _
Due to risk of bias and
MTHFR T677T 50 98 0 _ o
imprecisior?
(homozygous)
PAI-1 4G/5G 4 128 | 416 111 281 8.2 0.93 (0.611.40) 0.7125 |« « tt Low
(heterozygous) 1.46 (0.653.29) 0.3582 _ _
Due to risk of bias and
PAI-1 4G/AG 70 199 46.0 _ o
imprecisior?
(homozygous)
Prothrombin FlI 13 55 102 937 | 2872 | 20.5 | 2.14(1.144.03) 0.0179 | s & & t Moderate
G20210A
Due to risk of bias
VEGFA C634G 2 22 194 11 141 60 1.25 (0.314.99) 0.7553 tttt Verylow
(heterozygous) 1.18 (0.159.52) 0.8787 . o o
Due to risk of bias, imprecision
VEGFA C634C 4 54 58.6 _ _
andinconsistency??
(homozygous)
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VEGF C2578A 23 202 10 79 79.8 | 2.29(0.02275.8) | 0.7345 tttt VeryLow
(heterozygous) 2.01 (0.04108.3) | 0.7312 _ o o
Due to risk of bias, imprecision
VEGF C2578C 14 | 127 77.3 _ ,
and inconsistendy-3
(homozygous)

AbbreviationsMTHFR=Methylenetetrahydrofolate reductase, OR=0dds Ratio;IRRlasminogesactivator inhibitorl,
VEGF=Vascular endothelial growth factor, VEGF=Vascular endothelial growth factor A

&High certainty of evidence is represented by four positive symbois§ $ ) but, for each downgrade in certainty, a positive
symbol § ) was changed to a negative symhol)(

1 Half or the majority of studies had a moderhigh risk of bias

2 Low event rates with small sample size

3The Pis large, suggesting that there is high heterogeneity between the two studies
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Identification of studies via databases and registers ldemm;:";m;:‘:‘“ e J
<
)
S o Records removed before
§ Records identified from: screening: Records identified from:
= Databases (n = 5529) Duplicate records removed Citation searching (n = 10)
§ (n = 1255) etc.
S
| S—
A4
Y
Records screened Records excluded**
(n=4274) (n=3433)
A4
Report ht f
re?ggv:I sought for Reports not retrieved
(n=841) (n=0) Reports sought for retrieval
B (n=10)
o
£ A
=
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eligibility Abstract only (n = 344) R for eligibili
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Wrong exposure (n = 121)
Replicate Study (n=29)
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Variability in measurement
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Reported on same population
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3 Studies included in the meta-
2 analysis (n=28)

Figure 1. PRISMA flow diagram of search for studies meeting inclusion criteria
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Figure 2. Overall risk of bias of studies included in the medaalysis of each gene



A Number of  Non-O o

Group Studies  blood type blood type Odds Ratio OR 95%-Cl
Treatment setting :

Surgical 4 2180 1567 161 [1.19;2.18]
Mixed 3 579 393 149 [1.04;2.12]
Follow-up Length (months) :

Oto3 2 806 610 +——%—— 242 [0.93;6.33]
61012 1 1143 865 s 151 [1.12;2.04]
12+ 1 70 93 1.27  [0.54; 2.99]
Unspecified 3 740 392 143 [1.01;2.03]

VTE Screening Involved :
No/Unspecified 6 2528 1868 - 1.60 [1.30; 1.96]

Yes 1 231 92 —— 1.07 [0.48; 2.40)
Overall Risk of Bias

Low 5 2438 1819 1.56 [1.26;1.93)
Moderate 1 231 92 - 1.07 [0.48; 2.40]
High 1 90 49 ——%—— 230 [1.04;5.09]

Hardy-Weinberg Equilibrium (HWE)

In HWE 4 1137 829 1.70 [1.22;2.36)

Not in HWE 1 419 251 1.35 [0.86;2.11)

Unable to calculate 2 1203 880 — 226 [0.60; 8.56]

All patients r " ) 1.56 [1.28; 1.90]

Heterogeneity: I = 0%, ¥ = 0, p = 0.51 0.5 1 2 6

Predicts No VTE Predicts VTE
B Number of
Group Studies  FVL Mutated FVL Wild type OR 95%-Cl
Treatment setting
Surgical 1 17 166 252 [0.64; 9.92)
Mixed 17 684 7541 227 [1.47; 352)
Follow-up Length (months)
Oto3 1 1 12 £ 0.44 [0.00; 778.34]
6to 12 1 17 166 252 [0.64; 9.92]
12t0 24 2 81 1292 2.03 [1.08; 3.83]
24+ 3 376 4410 193 [1.36; 2.73]
Unspecified 1" 226 1827 252 [1.14; 556)
Outcome
VTE 13 517 6060 289 [1.62; 5.15)
VTE+other 4 173 1592 141 [0.80; 2.47]
DVT only 1 1 55 195 [0.51; 7.44]
Overall Risk of Bias
Low 5 400 5023 215 [1.56; 297)
Moderate 7 214 1958 149 [0.84; 262)
High 6 87 726 5.14 [1.27; 20.89]
Hardy-Weinberg Equilibrium (HWE)
In HWE 13 631 7051 2.00 [1.59; 253]
Unable to calculate 5 70 656 3.15 [0.27; 36.65]
All patients y . - . . 228 [1.51; 3.46]
Heterogeneity: I° = 52%, v* = 0.3060, p < 0.01 02 05 1 2 5 10
Predicts No VTE Predicts VTE

c Number of
Group Studies  F2 Mutated F2 Wild type Odds Ratio OR 95%-Cl
Treatment setting :
Surgical 2 7 331 183 [0.25; 13.24]
Mixed 1 95 2541 217 [1.06; 4.47)

Follow-up Length (months) §
6to 12 1 3 199 * 0.05 [0.00; 540034.76)

12t0 24 1 15 376 ——— 068 [0.15; 3.10]

24+ 3 31 873 -—JP—’ 6.59 [0.90; 48.40)]

Unspecified 8 53 1424 — 191 [1.00; 3.63)

Outcome

VTE 10 73 2165 214 [086; 5.34)

VTE+other 2 26 644 232 [0.84; 6.40]

DVT only 1 3 63 206 [0.18; 23.94]

Overall Risk of Bias

Low 4 40 1122 224 [0.31; 16.28]

Moderate 4 36 986 244 [1.05; 567]

High 5 26 764 203 [049; 8.36)

Hardy-Weinberg Equilibrium (HWE) :

In HWE 9 70 2068 —— 261 [1.27; 5.36)

Unable to calculate 4 32 804 ——n—— 127 [033; 4.87)

All patients —_— 214 [1.14; 4.03)
I T T T 1

Heterogeneity: I* = 20%, T = 0.2600, p = 0.24 02 05 1 2 5 10

Predicts No VTE Predicts VTE
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Figure 3. Forest plot of a) ABO blood type, b) factor V leiden (FVand c) Prothrombin
Factor Il (F2) G20210A and VTE risk by subgroup
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3.7 Appendix

Supplemental Datd. Search Strategy
MEDLINE

1. Venous Thromboembolism/

2. (venous adjl thrombo*).ti,ab,kf.

3. (vein* adjl thrombo*).ti,ab,kf.

4. Venous Thrombosis/

5. venothrombo*.ti,ab,kf.

6. pulmonary embolism/ or pulmonary infarction/
7. (pulmonary adjl thrombo*).ti,ab,kf.

8. (pulmonary adjl embol*).ti,ab,kf.

9. (lung adjl embol*).ti,ab,kf.

10.(lung adj1 thrombo*).ti,ab,kf.

exp biomarkers/ or bloocbagulation factor inhibitors/ or blood

‘coagulation factors/
12 (biologic* adjl marker*).ti,ab,kf.
13.(biochemical adjl marker*).ti,ab,kf.
14 biomarker*.ti,ab,kf.
15.(clinical adj1 marker*).ti,ab,kf.
16.(surrogate adjl endpoint*).ti,ab, kf.
17.(surrogate adjl end adjl point*).ti,ab,kf.
18.(surrogate adjl marker*).ti,ab,kf.

19.(immun* adjl marker*).ti,ab,kf.



20.(laboratory adjl marker*).ti,ab,kf.
21.(serum adjl marker*).ti,ab,kf.

22 .(plasma adjl marker*).ti,ab,kf.
23.Genetic Markers/

24.(genetic adjl marker*).ti,ab,kf.
25.(dna adjl marker*).ti,ab,kf.
26.(chromosome adjl marker*).ti,ab,kf.
27.Genetic Predisposition to Disease/
28.(genetic adjl predisposition*).ti,ab,kf.
29.(genetic adjksusceptibilit*).ti,ab,kf.
30.(genetic adj2 (risk* or factor*)).ti,ab,kf.
31.(coagulation adjl1 factor*).ti,ab,kf.
32.(clotting adj1 factor*).ti,ab,kf.

33.exp Genes/

34.exp Mutation/

35.(gene or genes or allele or alleles).ti,ab,kf.
36.expNeoplasms/

37.cancer*.mp.

38.malignan*.mp.

39.(tumor or tumour).mp.

40.(neoplasm or neoplasms).mp.

41 (predict* or prognos* or risk*).ti,ab,kf.
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421or2or3o0ordor50r60or7o0r8or9orl0

3 11 or12orl13orld4orl15o0r 16 or171&or 19 or 20 or 21 or 22 or 2
or 24 or 25 or 26 or 27 or 28 or 29 or 30 or 31 or 32 or 33 or 34 or :

44,36 or 37 or 38 or 39 or 40
4541 and 42 and 43 and 44

45 not (exp animals/ not humans.sh.) [mp=title, abstract, original tit|
name of substance word, subject heading word, floatingneating
46.word, keyword heading word, organism supplementary concept wo

protocol supplementary concept word, rare dissapplementary

concept word, unique identifier, synonyms]

EMBASE

1. veinthrombosis/

2. (vein$ adjl thrombo$).ti,ab,kw.

3. venous thromboembolism/

4. (venous adjl thrombo$).ti,ab,kw.
5. venothrombo$.ti,ab,kw.

6. lung embolism/

7. (lung adjl embol$).ti,ab,kw.

8. (pulmonary adjl embol$).ti,ab,kw.
9. (lung adjlthromboembol$).ti,ab,kw.
10.(pulmonary adjl thromboembol$).ti,ab,kw.
11.deep vein thrombosis/

12 biological marker/
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13.biomarker$.ti,ab,kw.

14.(biologic$ adjl marker$).ti,ab,kw.
15.(biochemical adjl marker$).ti,ab,kw.
16.(clinical adjlmarker$).ti,ab,kw.
17.(surrogate adjl endpoint$).ti,ab,kw.
18.(surrogate adjl end adj1 point$).ti,ab,kw.
19 (surrogate adjl marker$).ti,ab,kw.
20.(immun$ adjl marker$).ti,ab,kw.
21.(laboratory adjl marker$).ti,ab,kw.
22.(serum adjImarker$).ti,ab,kw.
23.(plasma adjl marker$).ti,ab,kw.
24.genetic marker/

25 (genetic adjl marker$).ti,ab,kw.
26.(dna adjl marker$).ti,ab,kw.
27.(chromosome adjl marker$).ti,ab,kw.
28.genetic predisposition/

29 (genetic adjlpredisposition$).ti,ab,kw.
30.(genetic adjl susceptibilit$).ti,ab,kw.
31.(genetic adj2 (risk$ or factor$)).ti,ab,kw.
32.blood clotting factor/

33.(coagulat$ adjl factor$).ti,ab,kw.

34 (clotting adj1 factor$).ti,ab,kw.
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35.exp genemutation/ or exp marker gene/ or exp gene/
36.(gene or genes or allele or alleles).ti,ab,kw.

37.exp malignant neoplasm/

38.cancer$.mp.

39.malignan*.mp.

(tumor or tumour).mp. [mp=title, abstract, heading word, drug trade
40.name, originatitle, device manufacturer, drug manufacturer, device

name, keyword, floating subheading word, candidate term word]

(neoplasm or neoplasms).mp. [mp=title, abstract, heading word, dr
41.trade name, original title, device manufacturer, drug manufacturer,

trade name, keyword, floating subheading word, candidate term wc
42 (predict* or prognos* or risk*).ti,ab,kw.
431 or2or3ordor5or6or7or8or9orl0orll

" 12or13orl14 orl150r 16 or 17 or 18 or 19 or 20 or 21 or 22 or 23
or 25 or 26 or 27 or 28 or 29 or 30 or 31 or 32 or 33 or 34 or 35 or ¢

45 37 or 38 or 39 or 40 or 41

46.42 and 43 and 44 and 45

COCHRANE CENTRAL

#1
#2
#3
#4
#5
#6
#7
#8

MeSHdescriptor: [Venous Thromboembolism] explode all trees
(venous near/1 thrombo¥*):ti,ab,kw

(vein* near/1 thrombo*):ti,ab,kw

MeSH descriptor: [Venous Thrombosis] explode all trees
venothrombo*:ti,ab,kw

MeSHdescriptor: [Pulmonary Embolism] explode all trees
(pulmonary near/1 thrombo*):ti,ab,kw

(pulmonary near/1 embol*):ti,ab,kw



#9 (lung near/1 embol*):ti,ab,kw

#10  (lung near/1 thrombo*):ti,ab,kw

#11 MeSH descriptor: [Biomarkers] explode all trees
#12  (biologic near/1 marker*):ti,ab,kw

#13 (biochemical near/1 marker*):ti,ab,kw

#14  biomarker*:ti,ab,kw

#15 (clinical near/1 marker*):ti,ab,kw

#16  (surrogate near/1 endpoint*):ti,ab,kw

#17  (surrogate near/1 end near/1 point*):ti,ab,kw
#18 (surrogate near/1 marker*):ti,ab,kw

#19  (immun* near/1 marker*):ti,ab,kw

#20 (laboratory near/1 marker*):ti,ab,kw

#21  (serum near/1 marker*):ti,ab,kw

#22  (plasma near/1 marker*):ti,ab,kw

#23 MeSH descriptor: [Genetic Markers] explode all trees
#24  (genetic near/1 marker*):ti,ab,kw

#25  (dna near/1 marker*):ti,ab,kw

#26  (chromosome near/1 marker*):ti,ab,kw

#27 MeSH descriptor: [Genetic Predisposition to Disease] explode all trees
#28 (genetic near/1 predisposition):ti,ab,kw

#29  (genetic near/1 susceptibilit*):ti,ab,kw

#30 (genetic near/2 (risk* or factor*)):ti,ab,kw

#31 (coagulation near/1 factor*):ti,ab,kw

#32 (clotting near/1 factor*):ti,ab,kw

#33 MeSH descriptor: [Genes] explode all trees

#34 MeSH descriptor: [Mutation] explode all trees
#35 (gene or genes or allele alteles):ti,ab,kw

#36 MeSH descriptor: [Neoplasms] explode all trees
#37 cancer*

#38 malignan*

#39  (tumor or tumour)
8C



#40 (neoplasm or neoplasms)

#41  (predict* or prognos* or risk*):ti,ab,kw

#42  (#1 or #2 or #3 or #4 or #5 or #6 or #7 or #8 or #9 or #10)

#43  (#11 or #12 or #13 or #14 or #15 or #16 or #17 or #18 or #19 or #20 or #21 or #22 or #23
or #24 or #25 or #26 or #27 or #28 or #29 or #30 or #31 or #32 or #33 or #34 or #35)

#44  (#36 or #37 or #38 or #39 or #40)

#45 (#41 and #42 and #43 and #44)

#46  (#45 not (animal or plants or nonhuman or animal tissue or animal experiment or animal

model or fungus))
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Supplemental Tabld. Number of studies reporting on different thrombophilia genes or

mutations
Gene or Mutation N of Studies
Studies

ABO blood type 10 MufozMartin 2018,Li 2015, Crowley 2014 Kodama
2010,Heenkenda 2019Streiff 2004,Wang 2014,
Bhanvadia 2019 Tollefson 2013Wang 2019

Factor V Leiden 18 Heenkenda 2019, Héraudeau 2018, Brand 2016, Kovac
2015, Wahba 2015, Pabinger 2015, de Haas 2010,
Mandala 2010, Eroglu 2009, Blom 2005, Kennedy 2005,
Corso 2004, Ravin 2002, Haim 2001, Ulrych 2019, Arsla
2011, Ozkan 2012, MufioMartin 2018

Factor V K858R 1 MufozMartin 2018

Factor VIl R353Q 1 Eroglu 2010

Factor VIF401 G/T 1 Eroglu 2010

Factor VIF402 G/A 1 Eroglu 2010

Factor XIF C/T 1 MufiozMartin 2018

Factor XIIl A1-103 G/T 2 MufiozMartin 2018, Tiedje 2011

Fibrinogen455 G/A 1 Tiedje 2011

Fibrinogen gammgenel0034 1 Paulsen 2020

CIT

Glycoprotein llla 1 Arslan 2010

Integrin Beta3 (rs3809865) 1 Bianconi 2015

Integrin Beta3 (rs5918) 1 Bianconi 2015

Integrin Beta3 (rs4642) 1 Bianconi 2015

Interleukin6-174 G/T 1 Malaponte 2013

Methylelenetetrahydrofolate 5 Wang 2021, Wahba 2015, Eroglu 2009, Ozkan 2012,

reductase C677T Arslan 2011

Methylelenetetrahydrofolate 1 Arslan 2010

reductase A1298C
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Plasminogen Activator Inhibiter 4 Wang 2021, de Haas 2010, Arslan 2011, Ozkan 2012

1

Protein Z intron G79A 1 Eroglu 2008

Prothrombin G20210A 13 Mufioz-Martin 2018, Heenkenda 2019, Heraudeau 2018
Kovac 2015, Wahba 2015, de Haas 2010, Mandala 201(
Eroglu 2009, Blom 2005, Kennedy 2005, Ulrych 2019,
Arslan 2011, Ozkan 2012

Serpin Family A member 10 1 MufiozMartin 2018

Serpin Family C member 1 1 MufozMartin 2018

Tumor Necrosis Factor Alpha 1 Roselli 2013

(rs1799724)

Tumor Necrosis Factor Alpha 1 Roselli 2013

(rs1800629)

TumorNecrosis Factor Alpha 1 Roselli 2013

(rs1800630)

Tumor Necrosis Factor Alpha 1 Roselli 2013

(rs1800750)

Tumor Necrosis Factor Alpha 1 Roselli 2013

(rs361525)

Vascular Endothelial Growth 2 Ferroni 2016, Almasi 2011

Factor2578 C/A

VascularEndothelial Growth 2 Ferroni 2016, Labussiéere 2014

Factor A634 G/C

1 The studies included in the metaalysis are in bold.



Supplemental Tabl@. Study characteristics of included studies

ID T First Yea | Countr | Desig | N Cancer | Any use of Genes and Mutations
author r y n Type Anticoagulati
on or
Antiplatelet
ACT | APT
25- Wang 2021 | China | PC 214 | Lung - - Methylenetetrahydrofolate reductas
Plasminogen activator inhibitdr
192-Heenkenda] 2019 | Sweden| PC 139 | Brain - - ABO, Factor V Leiden, Prothrombir
FIl G20210A
263- Heraudeau 2018 | France | CC 364 | Many - - Factor V Leiden, Prothrombin FlI
G20210A
274- Muioz 2018 | Spain | PC 391 |(Lung+ |No - Al blood group, Factor XII
Martin Gl (rs1801020) Factor XIlII (rs5985),
Prothrombin FIl G20210A
(rs1799963), Factor V (rs4524),
Factor V Leiden (rs6025),
SERPINA10 (rs2232698),
SERPINC1 (rs121909548)
368- Wang 2019| China | PC 323 | Lung - - ABO blood group
409- Brand 2016 | Sweden| RC 4261 | Breast | - - Factor V Leiden
467 - Ferroni 2016 | Italy PC 297 | Many - - Vascular endothelial growth facter
A (11 polymorphisms)
470- Bianconi | 2015| Austria | PC 112 | Colorect | Yes - Integrin Beta3 (rs3809865, rs4642,
al rs5918)
522- Kovac 2015| Serbia | CC 150 | Breast - - Factor V Leiden, Prothrombin FlI
G20210A
524- Wahba 2015| Egypt | CC 80 Many - - Factor V Leiden,
Methylenetetrahydrofolate reductas
C677T, Prothrombin FIl G20210A
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528- Pabinger | 2015| Austria | PC 982 | Many Yes | Yes Factor V Leiden
624- Roselli 2013 Italy RC 157 | Gl - - Tumor necrosis factor (6
polymorphisms)
640- Malaponte| 2013 | Italy CC 320 | Many - - Interleukin6
785- Tiedje 2011 | Vienna | PC 1079 | Many - - Fibrinogen genotype, Factor VHIA
Val34Leu genotype
786- Almasi 2011 | Czech | RC 111 | Myelom |Yes |- Vascular endothelial growth factor
Republi a
c
831-de Haas |2010| Netherl | PC 324 | Testicula| - - Factor V Leiden, Plasminogen
ands r activator inhibitorl, Prothrombin
FIl G20210A
849- Eroglu 2010| Turkey | CC 190 | Many - - -323 insertion 1&bp Factor VII
polymorphism-401G/T Factor VII
polymorphism-402 G/A Factor VIi
polymorphism
862- Mandala | 2010/ Italy PC 381 | Breast+ | - - Factor V Leiden, Prothrombin FII
Gl G20210A
913- Eroglu 2009 | Turkey | CC 187 | Many - - Factor VLeiden,
Methylenetetrahydrofolate reductas
C677T, Prothrombin FIl G20210A
917- Eroglu 2008 | Turkey | CC 170 | Many - - Protein Z intron G79A
1035- Blom 2005 | Netherl | CC 205 | Many - - Factor V Leiden, Prothrombin FII
ands G20210A
1037- Kennedy | 2005| USA CC 202 | Many - - Factor V Leiden, Prothrombin FII
G20210A
1052- Corso 2004 | Italy PC 13 Myelom | - - Factor V Leiden
a
1092- Ravin 2002 | USA CC 74 Gyne - - Factor V Leiden
1129- Haim 2001 | Israel | CC 113 | Many Yes - Factor V Leiden




1397- Di 2015| France | RC 225 | glioblast | - - Vascular Endothelial Growth Facto

Stefano oma - A (rs2010963)

1909- Ulrych 2019| Czech | PC 202 | Colorect | Yes - Factor V Leiden, Prothrombin FlI

Republi al G20210A
c

S004- Arslan 2011 | Turkey | CC 66 Lung - - Factor V Leiden, Glycoprotein llla,
Methylenetetrahydrofolate reductas
C677T, Methylenetetrahydrofolate
reductase A1298C, Plasminogen
activatorinhibitor-1, Prothrombin
FIl G20210A

S010- Crowley | 2014 | Ireland | RC 217 | Myelom | - - ABO

a

S020- Kodama | 2010| Japan | PC 75 Gyne Yes - ABO

S023i Li 2015| USA RC 670 | Pancreas| Yes | Yes | ABO (rs505922 and rs8176746)

S029- Ozkan 2012 | Turkey | CC 292 | Many - - Factor V Leiden,
Methylenetetrahydrofolate reductas
C677T, Plasminogeactivator
inhibitor-1, Prothrombin FlI
G20210A

S035- Streiff 2004 | USA RC 130 | Brain Yes - ABO

Al1 Wang 2014 | USA RC 2076 | Bladder | Yes |- ABO

A217 Tollefson | 2013 | USA RC 1847 | Prostate | Yes - ABO

2
A3 - Bhanvadia | 2019 | USA RC 1341 | Bladder | Yes - ABO

Abbreviations: ACT=anticoagulant therapy, APT= antiplatelet therapy, CC=camol, G

cohort=casecohort, Gl=gastrantestinal, PC=prospective cohort, RC=retrospective cohort,

RCT=randomized control trial
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Supplemental Tabl&.

Definition of outcomes of included studies

ID T First Out | F/U Definition of Outcome Surgical Procedures and
author Cc- Time? Treatments during
ome | (months observation period
)
25- Wang VTE | Unclear | The diagnosis of VTE confirmed lwenography,| Unspecified
DUS or CTPA in addition to clinical signs and
symptoms.
192- VTE | Unclear | All cases had symptomatic VTE and were surgery: radical (45%), partial
Heenkenda diagnosed with US for DVT or CTPA for PE. | (39%) or biopsy (16%) with
concomitant radiotherapy and
temozolomide (100%)
263- VTE | Unclear | DVT of the lower limbs confirmed by CUS. Th| surgery (44.2%), chemotherapy
Heraudeau diagnostic criteria for symptomatic PE were | (50.6%), radiotherapy (25.0%)
either: (1) high clinical probability and high
probability V/Q scan according to the PIOPEL
criteria, or (2) a proximal DVT shown by U/S
with PE symptoms, or (3) a ptige CTPA with
a central filling defect
274- Muioz | VTE | 18 DVT in the lower limbs diagnosed by US or | Unspecified
Martin ascending venography. PE diagnosed by V/Q
scan, CTPA, or spiral CT. Intracranial VTE wa
diagnosed by MRI.
368-Wang | VTE | Unclear | DUS was performed on all patients paad Open thoracotomy or video
postsurgery to assess for DVT. If patient had | assisted thoracoscopic surgery
symptoms (chest pain, hemoptysis or
unexplained hypoxemia and dyspnea) or Cap
O 9 or n e-surg@yifien BTPA was
performed to check for PE.
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409-Brand | VTE | 91.2 VTE defined according to the International Surgery (unspecified),
Classification of Diseases (ICD): VTE of the | Radiotherapy (unspecified),
legs (451,671C, 671D, 671E, 671X, 180, 0222 Chemotherapy (38.7%),
0223, 0229, 0870, 0871, 0O879, 0087) and | Endocrine therapy (83.8%)
(415B, 416W, 673C, 639G, 126, 0882, 0082)

467- Ferroni | VTE | 3.4 Proximal DVT confirmed by venography or Chemotherapy
CDUS. PE confirmed by spiral CT.

470- VTE | 46 Patients not routinely screened for VTE. VTE | Anti-VEGFA treatment (45.5%

Bianconi diagnosed by objective medical imaging
methods, such as duplex U/S or CT in patient
with symptomatic or fatal cases.

522-Kovac | VTE | Unclear | hocumented VTEleveloped during the Chemotherapy (100%),
treatment. VTE diagnosed by DUS, V/Q scan | Bévacizumab (23%)
and helical tomography/CT.

524- Wahba | VTE | Unclear | VTE diagnosed by the treating clinician on the surgery (77.5%), chemotherapy
basis of clinical suspicion using the usual (52.3%), radiotherapy (20.0%)
diagnostic procedures.

528- VTE | 22.5 Objectively confirmed symptomatic or fatal Chemotherapy (67%), Surgery

Pabinger VTE. (38.5%), Radiotherapy (46%)

624- Roselli | VTE | 12 All patients were seen regularly at their Chemotherapy (100%),
scheduled chemotherapy visits or at the Bevacizumab (38%)
occurrence of clinically suspected VTE.

Symptomatic DVT or PE, by which DVT was

confirmed by venography or coleaoded

duplex sonography (in proximal DVT only). PH

was diagnsed by spiral CT.
640- DV | Unclear | DVT was based on the no compressibility of § £, - ded: bevacizubam,
Malaponte T deep vein of lower limbs by doppler probe

and/or the presence of venous occlusion by

echogenic structure.

thalidomide, lenalidomide
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and/or radiation therapy were

excluded.
785-Tiedje | VTE | 19.9 Patients not screened for VTE. In patients witf cheémotherapy (63.7%),
VTE symptoms, duplex U/S or venography w4 "adiotherapy (45.2%), surgery
performed for confirmation or exclusion of (37.3%)
diagnosis of DVT and Cor V/Q scan for
diagnosis of PE.
786- Almasi | VTE | Unclear | Unspecified Thalidomidebased treatment
(100%), cyclophophamide+
Thalimomide+dexamethasone
(85.6%)
831-de Haas VTE | 120 VTE (DVT and/or PE) occurring during chemotherapy (100%), surgery|
chemotherapy. (51.3%)
849- Eroglu | VTE | Unclear | In patients with symptoms of DVT, a CDUS wj Unspecified
performed to confirm the diagnosis. PE
suspected by clinical presentation was confirn
by V/Q scan.
862- VTE | 35 Patients were not screened; only symptomati¢ chemotherapy (100%), hormon
Mandala forms were checked. The medical charts and | replacement therapy (3.4%)

radiological history of all patients were checke
for U/S and V/Q lung scan. VTE was diagnosg
by the clinician based on clinical suspicion usi
the usual diagnostiapcedures (non
compressibility of a proximal vein). When
symptoms indicative of PE developed, a V/Q
scan was carried out. In cases not conclusive
PE diagnosis, a spiral CT scan was required t

confirm.
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913- Eroglu | VTE | Unclear | VTE diagnosed appropriately by CDUS, V/Q | surgery, chemotherapy,
scan or CT in addition to clinical signs and hormonotherapy
symptoms.

917- Eroglu | VTE | Unclear | Cases with VTE werdiagnosed appropriately | cancer therapy (unspecified)
by CDUS, V/Q scan or CT in addition to clinic;
signs and symptoms.

1035- Blom | VTE | 60 Diagnosis of clinically suspected DVT of the l¢ During first year: chemotherapy
based on a clinical score, serial CUS, and D | (16.9%), radiotherapy (4.1%),
dimer assay. Objective testing of clinically surgery (23.8%), combination
suspected PE based on V/Q scan, U/S of the | (36.6%)
veins, or CTPA.

1037- VTE | Unclear | Objective diagnosis of thrombosis, excluding | Within 3-months of VTE:

Kennedy asymptomatic catheteelated thrombosis. A chemotherapy (57.4%), surgery
DVT diagnosis required positive duplex or DU| (10.9%), hormonal cancer
or venogram, and for PE, positive chest CT sq therapy (12.4%)

CTPA or high probability V/Q scan.
1052-Corso |DV |3 Unspecified low-dose thalidomide and
T dexamethasone (100%)

1092- Ravin | VTE | Unclear | pyT defined as clinically significant DVT surgery (79.7%), chemotherapy
confirmed by continuousvave Doppler and rea| (64-9%), radiation therapy
time U/S. PE suspected by clinigaksentation (33.8%)
confirmed by V/Q scan or thoracic helical CT
performed with contrast medium injection.

1129- Haim | VTE | Unclear | DVT based on DUS chemotherapy (68.1%)

1397- Di VTE | Unclear | Unspecified chemotherapy (temozolomide)

Stefano (100%)

1909- VTE | 12 Wel |l sé criteria wer e |Surgery(100%)

Ulrych

DVT. Patients with a Wells score of >2 points

warranted U/S examination of legs to verify
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DVT. When clinical suspicion of PE was

observed, a CTA was performed.

S004- Arslan| DV | Unclear | Diagnosis of DVT was achieved with the help | Unspecified
T lower extremity DUS. Absence of lower
extremity thrombi in DUS was considered as
absence of DVT.
S010- VTE | 44.6 The participating hospital picture archiving an{ 'Mmunomodulatory drugs
Crowley communication system was utilizetl VTE was | &10ne(1.4%),
diagnosed if there was evidence of a PE on | Immunomodulatory
CTPA or CT thorax or evidence of a DVT on | drugststeroids/cytotoxic agents
CDUS or contrast venography. (67.3%), radiotherapy (43.3%),
autologous stem cell transplant
(24.0%)
S020- VTE |1 After surgery, clinical signs (leg swelling, Gynecologic cancer surgery
Kodama tenderness along distribution of deep veins, a( (hysterectomy and/or para
cardiovascular dysfunction, dypsnea, chest pg lymphadenectomy) (100%)
and loss of consciousness) and elevation of
plasma edimer levels (16L5ug/mL, especially >
15ug/mL) were monitred. Patients with clinica
signs or adimer elevation were subject to CT.
S023i Li VTE | Unclear | TE events (including DVT, PE and others sucl chemotherapy (37.3%),
as portal and splenic vein thrombosis) were | chemoradiation (50.8%)
identified based on radiological evidence.
S029- Ozkan| VTE | Unclear | A VTE diagnosis required a positive DUS or | radiotherapy (29.8%), surgery
venogram and a positive chest CT, a CTPA ol (55.8%), hormone therapy
high probability V/Q scan for PE. (5.1%)
S035- Streiff | VTE | 12 The diagnosis of DVT required objective surgery (100%), radiotherapy

radiologic documentation using duplex U/S or

venography. The diagnosis of PE required

(100%), chemotherapy (60.8%
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documentation of a higprobability V/Q scan, a

positive spiral CT scan, or CTPA.

Ali Wang |VTE |11.1 Theprimary endpoint was VTE after surgery. | Surgery (100%), chemotherapy
During the early half of the study period, the | (14.2%)
diagnosis of DVT was made by venography w
duplex U/S used to diagnose DVT later. The
diagnosis of PE was based on arteriography @
VQ scan. The diagnostic evaluatiohVTE was
based on symptom presentation and/or clinicg
evaluation patients did not undergo screening
A2 VTE |1 VTE diagnosis based on symptomatic Surgery (100%), radiotherapy
Tollefson presentation. (15.3%), hormonal therapy
A3 - VTE | 3 VTE was defined as any DVT or PE that Surgery (100%), chemotherapy
Bhanvadia presented symptomatically and was confirmeq (33.4%)

by appropriate imaging (ultrasound, VQ scan
CTPA). No screening was done for

asymptomatic VTE.

Abbreviations: CDUS=color doppler ultrasound, CT=computed tomography, CTA=

computerized tomographic angiography, CTPA = computed tomography pulmonary angiogram,

C/U=compression ultrasonography, DVT=deep vein thrombosis, DUS= doppler ultrasound,

IPG=impedane plethysmography, MRI= magnetic resonance imaging, PE=pulmonary

embolism, U/S=ultrasound, VQ=ventilation/perfusion VTE=venous thromboembolism

aFollow-up time based on median follewp or when no median was specified, intended study

follow up period was used
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Supplemental Tabld. Measures of association between VTE and genes/mutations in

individual studies

Biomarker ID% Specific Cutpoint Method of Time of Effect measure Adjusted effect
SNP Measureme Inception (95% CI) measure (95%
nt Cl)
ABO 192 Non-O vs postsurgery, OR: 2.30 (1.04 --
O pre- 5.09)
radiotherapy+te
mozolomide
274  number 1vsO Tagman at diagnosis OR: 1.08 (0.62 --
of Al 2vsO0 assay 1.89)
allele OR:1.35(0.51
3.56)
368 NonO vs preoperative OR: 1.07 (0.48 --
O 2.40)
S01 Non-O vs at diagnosis OR: 1.27 (0.54 --
0 O 2.99)
S02 Non-O vs preoperative OR: 7.00 (0.86 OR:10.6 (1.12
0 O 57.1) 101.58%
S02 rs505922 NonOvs  Tagman atinitial clinical OR:1.35 (0.86 OR: 1.74 (1.07
3 & 0] assay evaluation of 2.11) 2.84y
rs817674 cancer
6
S03 AB vs O at diagnosis HR: 9.4 (2.732) --
5 Avs O HR: 2.7 (1.007.00)
BvsO HR: non
measurable
Al Non-O vs preoperative OR: 151 (1.12 OR: 1.49 (1.05
0] 2.04) 2.13¥
A2 Non-O vs preoperative -- OR:1.98 (1.24
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O 3.16Y}
A3 AvsBvs preoperative OR:1.94 (1.22 OR:1.94 (1.22
ABvs O 3.09) 3.10%
Factor V 192 heterovs Pyromark postsurgery, pre OR: 120.79 (7.06 --
Leiden normal Q24 radiotherapy anc 2067.40)*
instrument  temozolomide
(Qiagen,
Hilden,
Germany)
263 mutated vs -- varying OR: 6.67 (1.98 OR:7.04 (2.04
normal 22.43) 24.63)
274 rs6025 heterovs  Tagman atdiagnosis OR: 2.31 (0.56 --
normal assay 9.46)
409 mutated vs -- at diagnosis OR: 1.94 (1.35 HR: 1.88 (1.33
normal 2.79) 2.64y
522 mutated vs - tamixofenuse  OR: 3.32(1.18 --
normal 9.35)
524 mutated vs FV-PTH- varying OR: 3.86(1.12 -
normal MTHFR 13.29)
StripAssay
528 mutated vs -- pretreatment OR: 1.97 (0.97 HR: 2.00 (1.00
normal 4.01) 4.00)"
831 heterovs  TagMan at start of OR: 1.45 (0.31 --
normal  Genotyping chemotherapy 6.67)
Assay
862 heterovs FV-PTH  prechemotheray OR: 0.43 (0.03 -
normal Stripassay y 7.38)*
913 mutated vs LightCycler varying OR: 30.93 (6.95 --
normal kits 137.75)
103 mutated vs -- varying OR: 2.57 (0.33 --
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5 normal 20.19)
103 heterovs  TagMan varying OR: 1.7 (0.310.7) -
7 normal assay
105 hetero vs pretreatment OR:5.50 (0.10 --
2 normal 289.76)
homo vs
normal
109 mutated vs -- varying OR: 0.31 (0.06 --
2 normal 1.69)
112 mutated vs - varying OR: 0.25 (0.03 --
9 normal 2.31)
190 mutated vs - preoperative OR: 2.52(0.64 -
9 normal 9.92)
S00 mutated vs CVvD varying OR: 1.95 (0.51 --
4 normal StripAssay 7.44)
kit
S02 mutated vs -- varying OR:1.38 (0.82 --
9 normal 2.31)
Factor V 274  rs4524 1vsO TagMan at diagnosis OR: 4.21(0.97 --
2vs0 genotyping 11.33)
assays OR:5.77 (0.76
43.9)
Factor VII 849 -323 ins/w vs -- varying OR:1.35(0.7% --
insertion wiw 2.54)
10-bp Ins/ins vs OR:0.97 (0.18
wiw 5.25)
849 -401G/T GTvs GG -- varying OR: 1.35(0.74 --
TT vs GG 2.54)
OR: 0.97 (0.18

5.25)



849 -402G/A AGvs GG -- varying OR: 0.60 (0.28 --
AA vs GG 1.29)
OR: 0.27 (0.03
2.22)
Factor Xl 274 rs180102 1vsO TaqMan at diagnosis OR: 0.99 (0.57 --
0 2vs0 assay 1.72)
OR: 0.68 (0.15
3.13)
Factor Xlll 274  rs5985 1vsO TagMan atdiagnosis OR: 1.29 (0.75 --
2vs0 assay 2.20)
OR: 1.50 (0.52
4.34)
785 A Val34Leu -- pretreatment HR: 0.99 (0.65 HR: 1.00 (0.65
Val34Le VS 1.54) 1.54)
u Val34Val
Leu34Leu
VS
Val34Val
Fibrinogen 785 -- 455GA vs -- pretreatment HR:0.77 (0.491.2) HR:0.77 (0.49
genotype 455GG 1.2)
455AA vs
455GG
Glycoprotei S00 hetero vs CvD varying OR: 2.07 (0.18 -
n 4 normal StripAssay 23.94)
lla kit
Integrin 470 rs380986 AT vsTT -- pretreatment HR: 7.87 (2.31 HR: 7.52 (2.2
Beta 5 AAVSTT 40.0) 38.46)
3 gene or OR: 9.221.94
43.9)
470 rs4642 CTvsCC -- pretreatment OR: 3.81 (0.47 --
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TTvs CC 31.14)
470 rs5918 AGvs GG -- pretreatment OR: 1.05 (0.30 --
AA vs GG 3.75)
Interleukin 640 -- GG vs -- varying OR:2.14 (1.37 --
6 (GC+CCQC) 3.34)
Methyelene 25 -- CTvs CC -- varying OR: 0.85(0.46 --
-tetrahydre TTvs CC 1.59)
folate OR: 1.46 (0.69
reductase 3.12)
524 C677T  heterovs FV-PTH- varying OR: 2.18 (0.83 --
normal MTHFR 5.71)
homo vs StripAssay, OR: 5.45 (0.23
normal 126.97)*
913 C677T CTvsCC LightCycler varying OR: 1.22 (0.65 --
TTvs CC kits 2.29)
OR: 0.76 (0.23
2.60)
S00 C677T  heterovs CvD varying OR: 2.39 (0.80 --
4 normal StripAssay 7.12)
homo vs kit OR: 2.31 (0.54
normal 9.79)
S00 A1298C heterovs CVvD varying OR: 2.25 (0.76 --
4 normal StripAssay 6.65)
homo vs kit OR: 14.0 (1.46
normal 134.3)
S02 C677T  heterovs - varying OR: 2.06 (1.17 OR: 2.06 (1.17
9 normal 3.63) 3.63)
homo vs OR: 1.29 (0.57 OR: 1.29 (0.57
normal 2.90) 2.90¥
Plasminoge 25 4G5G vs - varying OR: 1.24 (0.59 -
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n activator 5G5G 2.59)
inhibitor-1 4GAG vs OR: 2.62 (1.19
5G5G 5.75)
831 4G5Gvs TC-MGB- at start of OR: 1.03 (0.40 --
5G5G NFQ probe chemotherapy 2.65)
4G4G vs OR: 0.78 (0.24
5G5G 2.55)
S00 hetero vs CVvD varying OR: 6.33 (0.30 --
4 normal  StripAssay 125.42)*
homo vs kit OR: 7.00 (0.32
normal 154.09)*
S02 hetero vs -- varying OR: 0.71 (0.44 --
9 normal 1.16)
homo vs OR: 0.73 (0.30
normal 1.77)
Protein Z 917 GA vs GG -- start of therapy? OR:0.74 (0.38 --
intron AA vs GG 1.46)
G79A OR: 0.45 (0.09
2.23)
Prothrombi 192 heterovs Pyromark postsurgery, OR:1.93(0.26 --
n FlI normal Q24 preradio 14.18)
G20210A instrument therapy+temozo
lomide
263 mutated vs -- varying OR:5.11 (0.59 --
normal 44.21)
274 rs179996 mutated vs Tagman at diagnosis OR: 0.69 (0.15 --
3 normal assay 3.10)
522 mutated vs - tamixofen use  OR: 2.81 (0.60 -
normal 13.08)
524 mutated vs FV-PTH- varying OR:0.73(0.15 -
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normal MTHFR 3.49)
StripAssay
831 heterovs  TagMan at start of OR: 17.7 (3.73 -
normal Assay chemotherapy 84.1)
862 heterovs FV-PTH  prechemotheray OR: 1.46 (0.18 -
normal Stripassay y 11.98)
913 mutated vs LightCycler varying OR: 0.48 (0.05 -
normal kits 4.42)
103 mutated vs - varying OR: 4.61 (0.27 -
5 normal 79.70)*
103 heterovs  TagMan varying OR: 6.7 (0.9 -
7 normal assay infinity)
190 mutated vs -- preoperative OR: 1.91 (0.09 --
9 normal 39.74)*
S00 hetero vs CvD varying OR: 2.07(0.18 --
4 normal StripAssay 23.94)
kit
S02 mutated vs - varying OR: 2.67 (0.84 -
9 normal 8.49)
SERPINAl 274 rs223269 heterovs TagMan at diagnosis OR: 2.31 (0.56 -
0 8 normal assay 9.46)
SERPINC1 274 rs121909 heterovs TagMan at diagnosis OR: 2.250.07 --
548 normal assay 67.62)*
Tumor 624 rsl179972 hetero vs DNA prechemotheragy OR: 0.74 (0.20 --
Necrosis 4 normal  isolation kit y 2.76)
Factor homo vs OR: 1.07 (0.05
normal 21.55)*
624 rs180062 hetero vs DNA prechemotheragy OR: 0.16 (0.01 --
9 normal isolation kit y 2.84)*
homo vs OR: not estimable

9¢



normal

624 rs180063 heterovs DNA prechemotherag OR: 0.74 (0.22.76) -
0 normal  isolation kit y OR: 1.07 (0.05
homo vs 21.55)*
normal
624 rs180075 hetero vs DNA prechemotherag OR: 0.94 (0.11 --
0 normal isolation kit y 7.92)
homo vs OR: not estimable
normal
624 rs361525 heterovs DNA prechemotheray OR: 0.87 (0.18 -
normal isolation kit y 4.15)
homo vs OR: 2.29 (0.10
normal 53.48)*
624 CTGGG CTGGG DNA prechemotheray OR:5.93 (1.79 --
haplotype  vs all isolation kit y 19.64)
other
haplotypes
Vascular 467 - GAvs GG HotStarTaq at start of OR: 0.33(0.12 --
endothelial 1154G/A AAvs GG Master Mix  chemotherapy 0.90)
growth kit OR: 0.12 (0.01
factor- A 2.04)*
467 -634G/C GCvs GG HotStarTaq at start of OR: 2.30 (0.89 -
CCvs GG Master Mix  chemotherapy 5.98)
kit OR: 0.37 (0.04
3.19)
467 rs100523 HotStarTaq at start of OR: 0.61 (0.32 -
0 Master Mix ~ chemotherapy 1.15)
kit
467 rs132073 HotStarTaq at start of OR: 0.17 (0.02 --
51 Master Mix  chemotherapy 1.27)
kit
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467

467

467

467

467

467

467

786

139

rs147036
0

rs201096
3

rs355693
94

rs358641
11

rs699947

rs833061

1190G/A

rs201096
3

GA vs GG
AA vs GG

AC vs AA
CCvs AA

CGvs GG
CCvs GG

HotStarTaq
Master Mix
kit
HotStarTaq
Master Mix
kit
HotStarTaq
Master Mix
kit
HotStarTaq
Master Mix
kit
HotStarTaq
Master Mix
kit
HotStarTaq
Master Mix
kit
HotStarTaq
Master Mix
kit

TagMan
Assay

Tagman

Assay

at start of

chemotherapy

at start of

chemotherapy

at start of

chemotherapy

at start of

chemotherapy

at start of

chemotherapy

at start of

chemotherapy
at start of

chemotherapy

at diagnosis

varying

OR: 0.26 (0.09
0.70)

OR:2.86 (1.16
7.02)
OR: 0.61 (0.32
1.15)
OR: 0.61 (0.32
1.15)
OR: 0.61 (0.32
1.15)
OR: 0.72 (0.39
1.30)
OR: 1.63(0.67
3.93)
0.23 (0.03
1.88)
0.44 (0.15
1.31)
0.45 (0.13
1.64)
OR:0.54 (0.12
2.42)
3.00 (0.58
15.55)

OR:

OR:

OR:

OR:

OR: 0.46 (0.16
1.38pi
OR: 0.48 (0.13
1.77p

Abbreviations: Cl=Confidence Interval, HR:qs%ard Ratio, OR=0dds Ratio, RR=Relative Risk,



SHR=Subdistribution Hazard Ratio, SNP=Single Nucleotide Polymorphism

& When stratified results are presented in the study, the first letter of the cancer group was given
with the study ID to differentiate the groups (P=polycythemia vera, C=chronic myelogenous
leukemia)

* Estimated using 0.5 instead of zero cell

2Adjusted for ddimer and usage of erythropoietin

b Adjusted for hemoglobin, bmi, cancer stage and tumor site

¢ Adjusted for age, year of surgery, ECOG, BMI, tumor stage, nodal stage, number of nodes
removed, blood types, operating room time

d Adjusted for age, stage, positive lymphnodes, no nodes removed, surgical blood loss

€ Adjusted for age, bmi, pathological stage, neodjuvant chemotherapy

f Adjusted for cancer stage and family history of VTE

9 Adjusted for age

h Adjusted for age, sex, cancer types, new vs recurrent cancer, treatment modalities

' Adjusted for chemotherapy, radiotherapy, surgery, age and sexe

I Adjusted for sexe

Adjusted for chemotherapy, radiotherapy, surgery, age and sexe

kK Adjusted for metastasis
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Supplemental Tabl&. Sensitivity analysis using other methods

Thrombophilia Method 12 (%) | Pooled OR (95% | P-value
Gene/Mutation Cl)
MH with 0.5 correction 0 1.56 (1.281.90) | <0.0001
ABO blood type
Inverse Variance with TACC 0 1.56 (1.281.90) | <0.0001
MH with 0.5 correction 57.4 |2.39(1.473.88) | 0.0005
Factor V Leiden Inverse Variance with TACC 47 2.26 (1.453.54) | 0.0003
Without matched caseontrol 50 2.28(1.433.62) | 0.0005
studies (n=14)
MH with 0.5 correction 344 |1.50(1.022.24) |0.0473
MTHFR C677T 0 1.38 (0.872.22) |0.1756
MTHFR T677T Inverse Variance with TACC 34.4 |1.50(1.012.24) |0.0473
0 1.34 (0.842.16) | 0.2227
MH with 0.5 correction 0 0.94 (0.651.37) | 0.7555
PAI-1 4G/5G 45.4 |1.90(0.834.33) |0.1274
PAI-1 4G/4G Inverse Variance with TACC 0 0.93 (0.641.35) | 0.6854
447 |1.85(0.794.32) | 0.1566
MH with 0.5 correction 36.3 |2.07(0.984.39) | 0.0580
Prothrombin Factol InverseVariance with TACC 37.5 |2.03(0.964.60) |0.0885
Il G20210A Without matched caseontrol 38 2.03 (0.964.60) | 0.0889
studies (n=10)
MH with 0.5 correction 60 1.25(0.3314.99) | 0.7553
VEGFA C634G 58.6 |1.17(0.159.52) |0.8787
VEGFA C634C Inverse Variance witifACC 60 1.25(0.3314.99) | 0.7551
56.7 |1.18(0.159.12) |0.8720
MH with 0.5 correction 80.4 |1.71(0.0650.81) | 0.7580
VEGF C2578A 77.1 |1.69 (0.0741.93) | 0.7514
VEGF C2578C Inverse Variance with TACC 68.7 | 1.89 (0.0480.82) | 0.7407
70.5 |1.83(0.0658.05) | 0.7326
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ID T First Study Study Prognostic | Outcome Study Statistica | Overall
author Participat | Attritio | Factor Measurem | Confound | | Analysis
ion n Measurem | ent ing and
ent Reportin
g
25- Wang low low low low low moderate
192- low low low moderate
Heenkenda
263- low unsure | low low low low low
Heraudeau
274- Munoz- | low unsure | low low moderate | low low
Martin
368- Wang low unsure | moderate | low -I low moderate
409- Brad low unsure | low low low low low
467- Ferroni | low unsure | low low low low low
470- Bianconi | low unsure | low low low moderate
522- Kovac low unsure | low low low moderate
524- Wahba - unsure | low moderate
528- low unsure | low low moderate
Pabinger
624- Roselli low unsure | low low moderate | moderate
640- low unsure | low moderate low moderate
Malaponte
785- Tiedje low unsure | low low moderate
786- Almasi | low unsure | low
831- de Haas | low unsure | low
849- Eroglu - unsure | low
862- Mandala | low unsure | low ‘
913- Eroglu - unsure | low moderate

104




917- Eroglu unsure | low low ‘
1035- Blom moderat | low low moderate | low low

e
1037- low low low low low low
Kennedy
1052- Corso | moderate low
1092- Ravin | low unsure | low moderate moderate
1129- Haim low unsure | low low moderate
1397- unsure | low
Labussiéere
1909- Ulrych | low unsure | moderate moderate
S004- Arslan - unsure | low low
S010- low low low low low low low
Crowley
S020- low unsure | low low moderate | low low
Kodama
S023i Li low unsure | low low low low low
S029- Ozkan | moderate | unsure |low low ‘ low moderate
S035- Streiff | low unsure | low low ‘ low moderate
Ali Wang low low low low low low
A2 7 Tollefson | low moderat | low moderate

e
A3 - low moderat | low moderate
Bhanvandia e

Studies in bold are studies included in the raatalysis.

Supplemental Figurel. ROB for each domain of included studies
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Supplemental Figure. Funnel plots of metaanalyses with over 10 studies
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Number of MTHFR CT MTHFR CC

Group Studies  (heterozygous) (wild) Odds Ratio OR 95%-Cl

Outcome :

VTE 3 205 215 — 1.19 [0.74; 1.90]

VTE+other 1 72 193 — 206 [1.17;3.63]

DVT only 1 23 33 ——-—'—— 239 [0.80;7.12]

Overall Risk of Bias :

Moderate 2 172 263 — 1.34 [0.56; 3.18]

High 3 128 178 = 1.60 [0.99; 2.57]

Hardy-Weinberg Equilibrium (HWE) :

In HWE 4 228 248 = 1.32 [0.84; 2.09]

Not in HWE 1 72 193 —-—0— 206 [1.17;3.63]

All patients e 1.50 [1.00; 2.24]
\ T T 1

Heterogeneity: /% = 34%, v° = 0.0706, p = 0.19 02 05 1 2 5

Predicts No VTE Predicts VTE

Number of MTHFRTT MTHFR CC

Group Studies  (homozygous) (wild) Odds Ratio OR 95%-ClI
Qutcome :

VTE 3 61 215 R 1.31  [0.70; 2.46]
VTE+other 1 27 193 — 1.29 [0.57;2.90]
DVT only 1 10 33 2.31 [0.54,9.79]
Overall Risk of Bias :

Moderate 2 71 263 T 1.38 [0.79; 2.40]
High 3 27 178 —T 1.48 [0.53;4.12)
Hardy-Weinberg Equilibrium (HWE) :

In HWE 4 7 248 T 1.44 [0.81; 2.56]
Not in HWE 1 27 193 —i— 1.29 [0.57;2.90]
All patients : : «-ﬁ-{- I 1.38 [0.86; 2.22]
Heterogeneity: 12 = 0%, 1> =0, p = 0.65 02 05 1 2 5

Predicts No VTE Predicts VTE

Supplemental Figure3. Forest plot of a) heterozygous and b) homozygous
methylenetetrahydrofolate reductase (MTHFR) C677T and VTE risk by subgroup



Numberof  PAI-14G/5G PAI-1 5G/5G

Group Studies  (heterozygous) (wild) Odds Ratio OR 95%-Cl
Follow up

24+ 1 164 76 - 133 [0.46; 3.82)
Unspecified 3 252 205 == 090 [0.52; 1.57]
Outcome

VTE 2 266 121 = 127 [0.69; 2.32]
VTE+other 1 113 157 = 0.71 [0.44; 1.16]
DVT only 1 37 3 43.17 [0.03; 62060.20]
Overall Risk of Bias

Moderate 2 215 202 == 0.87 [0.52; 1.47)
High 2 201 79 . = 150 [0.38; 5.89]
All patients : : ll : I 0.92 [0.61; 1.40]
Heterogeneity: 12 = 8%, t° = 0.0182, p = 0.35 0.001 0.1 1 10 1000

Predicts No VTE Predicts VTE

Number of PAI-14G/4G  PAI-1 5G/5G

Group Studies  (homozygous) (wild) Odds Ratio OR 95%-Cl
Follow up |

24+ 1 84 76 - 1.29 [0.39; 4.25]
Unspecified 3 115 205 s o 1.58 [0.46; 5.37)
Outcome :

VTE 2 151 121 - 211 [1.10; 4.08]
VTE+other 1 22 157 = 0.73 [0.30; 1.77]
DVT only 1 26 3 t 34.65 [0.07;17757.61]
Overall Risk of Bias ‘

Moderate 2 89 202 - 140 [0.40; 4.94]
High 2 110 79 — 1.91 [0.20; 18.34]
All patients | : [L : : 1.46 [0.65; 3.29]
Heterogeneity: I* = 46%, ©° = 0.2896, p = 0.14 0.001 0.1 1 10 1000

Predicts No VTE Predicts VTE

Supplemental Figured. Forest plot of a) heterozygous and b) homozygous plasminogen
activator inhibitor-1 (PAI-1) and VTE risk by subgroups
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Preface to Chapter 4

In this next Chapter, a systematic review and ragi@ysis is presented to identify and evaluate
candidate circulating blood biomarkers associated with venous thromboembolism (VTE) in
patients with cancer. Given the high burden and clinical consequencascerassociated VTE,
improving risk prediction remains a critical research priority. Current risk prediction models are
suboptimal, and the integration of biomarkers may enable a more refined and individualized

approach to VTE risk stratification. Thgystematic review and megenalysis synthesizes the
10¢
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available evidence on VTE risk and circulating blood biomarkers measured at distinct clinical
timepoints such as, at cancer diagnosis;ghemotherapy and preoperatively. The findings
presented in this Chapter provide a foundation for future researctl atradvancing personalized
thromboprophylaxis strategies using biomarkers and support the importance of considering the

timing of biomarker measurement.
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4.1 Abstract

Background: Cancer patients have an increased risk of venous thromboembolism (VTE).
Currently, the availability of highly discriminatory prediction models for VTE in cancer patients
is limited. The implementation of biomarkers in prediction models might lead todefinE
risk prediction.
Objectives: In this systematic review and medaalysis, we aimed to evaluate candidate
biomarkers and their association with carassociated VTE.
Methods: We searched Medline, EMBASE and Cochrane Central for studies that evaluated
biomarkers in adult cancer patients from inception to September 2022. We included studies
reporting on VTE after a cancer diagnosis visibmarker measurements performed at a defined
timepoint. Median/Mean differences (for continuous measures) and Odds Ratios (for
dichotomous measures) with 95% confidence intervals were estimated and pooled using random
effects models.
Results:We included 114 studies in the systematic review. Of these, 50 studies were included in
the metaanalysis. We identifietlvo biomarkers at cancer diagnosis (factor VIl and time to
peak thrombin), three biomarkers fmigemotherapy (dimer, fibrinogen and mean platelet
volume) and, one biomarker preoperatively (platelet count) that had significant median or mean
differencesAdditionally, we found that hemoglobin100g/Land white blood count 11 x
10%L were significantly associated with future VTE risk only when measured at cancer
diagnosis. Prehemotherapy neutrophil lymphocyte ratio >3 and preoperative platelet count

400 x 10/L were also found to be associated with future VTE risk.
Conclusions:In conclusion, this study identified nine candidate blood biomarkers that may help

in optimizing VTE prediction in cancer patients that should be further explored in future studies.

Keywords: venous thromboembolism, biomarkers, cancer, systematic review, meta

analysis
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4.2 Introduction

Venous thromboembolism (VTE) is a common complication associated with cancer. Patients with
cancer have a-fld increased risk of VTE at 12 months compared to the general popuiation.
Despite advances in VTE management, VTE can beHieatening and lead to considerable
health care expendituramorbidity and mortality’ ¢ In the cancer population, VTE is one of the
leading causes of death and has been associated with poor préddgnéside prophylactic
anticoagulation had been shown to be effective in preventing ¥ js recommended to target
higher risk patients due to the increased risk of bleeding complications with anticoa$iifants.
Currently, several VTE risk prediction tools have been developed to identify candidates for
primary VTE thromboprophylaxis, some of which include easily measured blood biomrkers.
However, several limitations regarding the existing scores have been raised including poor overall
discriminatory performance and low (or lack of) external valitif.As such, the availability of
reliable and highly discriminatory prediction models for VTE risk assessment in cancer patients is

limited, warranting further improvement of VTE risk stratification strategies.

The incorporation of biomarkers in risk assessment models might lead to refined and
improved VTE risk prediction, but the identification of the most predictive markers remains to be
investigated. To date-dimer, hemoglobin, platelet count, white blood ceunt and soluble P
selectin remain the most commonly used biomarkers to predict VTE in the cancer popfif&tion.
However, some studies report conflicting results with insignificant associations between VTE risk
and these biomarkers, thereby questioning their releVdRt& Many other candidate blood
biomarkers have also been investigated, but the majority have not yet been included in risk scores.
The large number of published studies in biomarkers for the prediction of asmsmiated VTE
has made it difficult to ascenmawhich biomarkers are true predictors. Therefore, we performed a
systematic review and megaalysis to evaluate all candidate biomarkers and their association
with cancerassociated VTE. By synthesizing existing research, this review seeks to help guide
future VTE risk score development and contribute to improving prediction of casseciated

thrombosis.
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4.3 Methods

The data that supports the findings of this study are available within the article and its
supplementary files, however, additional files are available from the corresponding author upon
reasonable request. Our systematic review was guided by a protbtishpd in the Open

Science Framework Registrigt{ps://doi.org/10.17605/0SF.I0/GQUKMgrior to starting the

review. Due to the large number of included studies, we deaig@dteriorito split the results

of the protocol into two manuscripts (genetic biomarkers and blood biomarkers). This helped
narrow the topic of each manuscript to ensure applicability, ease of interpretation, and allowed us
to include more details in each review.el$tudy was conducted and reported in accordance with
the Preferred Reporting Items for Systematic Review and-Kesdysis Protocols (PRISMA)

and updated Preferred Reporting Items for Systematic Reviews guidéfifies.

Search Strategy

A literature search of Medline (Ovid interface), EMBASE (Ovid interface) and Cochrane Central
was conducted from inception to Septembét 2622 using search terms relating to VTE,
biomarkers and cancer (Supplemental Appendix 1). We also searched the references of included

studies for other articles that met eligibility criteria.

Eligibility Criteria

We included observational and interventional studies written in English, French, Chinese or
Persian that examined blood biomarkers as a predictor of VTE in human adult patients with
cancer. Studies had to report VTE (defined as the occurrence of a jerstivally confirmed
symptomatic or incidental VTE including upper and lower limbs deep vein thrombosis (DVT),
pulmonary embolism (PE) and splanchnic or cerebral vein thrombosis) subsequent to a cancer
diagnosis as an outcome with any duration of follqevStudies that did not report on DVT or

PE and reported exclusively on unusual thrombotic sites (i.e., splanchnic vein thrombosis) were
excluded. To be included the study had to report either measures of central tendency or a
measure of association (or prded sufficient data for calculation) between blood biomarkers

and VTE. Additionally, all blootbased biomarker measurements were included regardless of

method of measurement as long as they werfld_efinitively and uniformly applied to all patients.


https://doi.org/10.17605/OSF.IO/GQUKW

Bi omarkers were defined using the National Ca
found in blood, other body fluids or tissues that is a sign of a normal abnormal process, or of a
condi ti on?®mtrwe thdluded anty biamarkers found in blood in this study. We

excluded studies that reported VTE events at the time of biomarker measurement since they were
not measures of risk prediction, as well as studies that reported on leukemia or

myeloproliferdive neoplasms only because they do not reflect the general cancer population.

This latter exclusion was not part of the original protocol since the heterogeneity only became

evident after the protocol was registered.

Selection Process

Titles and abstracts were independently screened by two reviewers using Covidence Systematic
Review Software (Covidence, Melbourne, VIC, Australia). The potentially eligible articles then
underwent fultext screening to ascertain the articles meetingritiasion criteria.

Disagreements were resolved by consensus or by a third reviewer. When relevant information to
determine eligibility was missing from fuléxt articles the reviewers attempted to contact the

corresponding author for clarification.

To extract the data, a standardized pilot tested form was used. Given the large quantity of
studies requiring extraction for both reviews derived from the protocol (n=14pprting on
both biomarkers and thrombophilia genes, 106 reporting on biomarkers only and 29 reporting on
thrombophilia genes only), the protocol was amended such that 20% of studies were double
extracted by two reviewers while one individual revieweraeted the data from all studies. We
found ~92% agreement between extractors. Pstiaacted included: study characteristics (e.g.,
title, authors, year of publication), study design and setting, study population (e.g., sample size,
age, sex, eligibility criteria, anticancer treatments), outcome (e.g., VTE definition, length of
follow-up), exposure of interest (e.g., biomarker, assay/method of measuremeiit, @odirce,
timing of measurement) and measures of association with confidence intervals or raw data [e.g.,
mean, median, odds ratio (OR), hazard ratio, relative risk, 2x2 t&bleftudies with multiple

reports or overlapping data, the most recent study with the largest sample size was used.

Risk of Bias Assessment
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The risk of bias for selected studies was assessed using the Quality in Prognostic Studies
(QUIPS) tool which contains six domains: participation, attrition, prognostic factor
measurement, outcome measurement, confounding and statistical analysis amd)rdpase
domains were rated as high, moderate, low or unclear risk of bias and an overall risk of bias
score was assigned based on the scoring of the domains. When more than 10 studies were

included in the metanalysis, publication bias was assesseéugusinnel plots.

Data Synthesis

As studies could report on the same biomarker but in different units, we converted units of
measurement whenever possible into one common unit of measurement-&nalgsis was
performed for a particular biomarker when two or more studies measuredtierkérs at

defined timepoints during the cancer timeline (e.g.sg@motherapy, etc.) and provided either
measures of dispersion between groups (VTE aneMids) or an OR of VTE using identical
cut-offs. The biomarkers that could not be matsalyzed wee narratively summarized in a
supplemental tabléVe conducted two types of randeaeffects metaanalyses: metanalysis of
median or mean differences (for continuous d&tx)d DerSimonian and Laird generic inverse
variance metanalysis (for cubff/dichotomous data). When the majority of studies reported

the median, a metanalysis of median differences was performed whereas aanalgsis of

mean differences was performed when the majority of studies reported the mean. Additionally,
for the metaanalyses of medianfterences, we used the quantile matching estimation approach
to estimate the difference of medians and, for the 1ae#sdysis of mean differences, we used the
method for unknown nenormal distributions to estimate the means. These methods were
selected bsed on the simulation results and recommendations made by McGréatlart alai

et aP°, which demonstrated less bias with these methdeerogeneity among studies was
assessedsing the 4 statistic and characterized as riomportant (F<30%), moderate $+30%

75%) and considerable?fi75%) We performed subgroup and sensitivity analyses to explore
potential differences in biomarkers when there are many included studies and when considerable
heterogeneity was preselite assessed the certainty of evidence using the grading of
recommendations assessment, development, and evaluation (GRARBHcH® We used a
significance level of 0.05. All analyses were conducted wrersion 4.2.3 (R Core Team and R

Foundation for Statistical Computing, Viennalﬁustria) and RStudio version 2023.06.1 (Posit



software, PBC, Vienna, Austria) with the help of thetamediawversion 1.0.0 anthetaR

packages!3?

4.4 Results

A total of 5529 articles were identified using our search strategy, of which 4274 remained after
removal of duplicates. After title and abstract screening, we included 841 studies-fextfull
screening. Severdyeven studies met the eligibility criteaad were included in the review,
along with an additional 36 studies identified during reference list screening (Figure 1). Many of
these latter studies had a primary goal of assessing risk prediction tools or risk factors, and
therefore lacked biomarkerarding. In total, there were 566 different biomarker measurements
extracted from these studies, of which 182 biomarker measurements were included in-the meta
analysis.

Key study characteristics and individual biomarker estimates of all studies are shown in
Table 1 and Supplemental Table§.1From the 113 studies includ&f3 11322.114143gny 50
provided biomarker estimates allowing for matzalysis??-33 38.40,4446,49,50,55,57,59,63,64,72
74,76,77,80,81,885,87,92,97,98,100,10305,107,110,120,121,1P%26,132,133,136,137,14042 The majority of these
studies were cohort studies, of which 28 were prospective and 19 were retrospective. The
remaining 3 studies were nested easaetrol studies. Fifteen studies included mixed cancer
types while the others included patients with specincer types, including lung (n=5),
gynecologic (n=4), colorectal (n=4), multiple myeloma (n=3), ovarian (n=3), pancreas (n=3),
brain (n=2), breast (n=2), stomach (n=2), lymphoma (n=2), gastrointestinal (n=1), genitourinary
(n=1), gynecologic or breagt=1), head and neck (n=1), and liver (n=1). Biomarker
measurements were carried out either preoperatively (n=18), at time of cancer diagnosis (n=15)
or prechemotherapy (n=20) (three studies reported both preoperative and prechemotherapy
measurements). Ryrthree studies reported on overall VTE as the outcome whereas five and
two studies reported only on either DVT or PE only, respectively. The characteristics of studies
that contributed to the metmalyses are summarized by biomarker in Table 1.
From the 50 studies included in the matalyses, 25 studies had a low risk of bias, 20 studies
had a moderate risk of bias and 5 studies had a high risk of bias. The number of low, moderate
and high risk of bias studies in each matalysis is describad Figure 2. Studies with a

moderate or high risk of bias were likely to have bias due to confounding. Information on
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follow-up was missing in many studies affecting our ability to determine if these studies had
attrition bias (Supplemental Table 7).

In total, 34 StUdié§’35'37’38’40'44’46’49'50’57'59'63’64’72'73’80'81‘83
85,87,97,98,103,104,110,120,124,126,132,133,136,13pvided the necessary measures to estimate pooled
median or mean differences for 10, 8 and 17 different biomarkers measured at cancer diagnosis,
prechemotherapy and preoperatively, respectively (Table 2). Compared to cancer patients who
did not experiece VTE, those who experienced VTE events had significantly higher factor VIl
activity [median difference: 31.50 % activity (95% CI: 11%&b45), F=0%] and lower time to
peak thrombin [median difference:.39 minutes (95% CH2.27 t0-0.51), P=0%)] atthe time of
cancer diagnosis (Table 2). Cancer patients who experienced VTE events also had significantly
higher prechemotherapy Blimer levels [median difference: 1.79 ug/mL (95% CI: 121456),
1?=0%, Supplemental Figure 1] and fibrinogen levels [mean difference: 0.81 g/L (95% GCI: 0.31
1.32), P=0%] and, significantly lower prehemotherapy mean platelet volume levels [mean
difference:-0.39 fL (95% CI:-0.73 t0-0.05), P=0%] compared to patients who did not develop
VTE (Table 2). In cancer patients wrdoing surgery, those who experienced VTE after surgery
had significantly higher preoperative platelet count [mean difference: 17.21L.x(36% CI:
1.7432.68), P=41%] compared to patients who did not develop VTE (Table 2).

Only a select fEW Studies (n=2§:§4'36'45*46'50'55*74'76'77'84'92'100'104'105'107'121'125*126'1f'@|¥f(3rted ora
priori or predefined cubff values and provided the necessary data to calculate pooled ORs of
specific dichotomous biomarker eoffs at defined timepoints. Many studies usedaftivalues
derived from their individual studies, resulting in the inability tacakdte pooled effect
estimates. In the biomarkers that were natalyzed dichotomously, the results showed that
hemoglobin levels 100 g/L was significantly associated with future VTE risk when measured
at the time of cancer diagris$OR: 1.86 (95%ClI: 1.2:2.86), F=0%], but not when measured
pre-chemotherapy or preoperatively (Table 3 and Figure 3). Similarly, white blood count levels
11 x 1@/L was also associated with an increased risk of VTE when measured at the time of
cancer diagnosis [OR: 1.67 (95%Cl: 1-262), f=2%] but not when measured pre
chemotherapy (Table 3 and Figure 3). In addition, patients with cancer acldgonetherapy
Neutrophil Lymphocyte Ratios (NLR) 3 had significantly increased odds of VTE compared to
cancer patients with ratios below 3 ([OR: 1.47 (95%Cl: 2AB), P=0%, Table 3]. At cancer

diagnosis, this ratio cdff was not significantly associated with VTE risk however, moderate
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heterogeneity was observed. Platelet couB60 x 16/L measured at the time of cancer
diagnosis or prehemotherapy was not associated with VTE risk (Table 3 & Figure 3), however,
the risk of VTE was significantly increased when preoperative platelet count exceeded the 400 x
10°/L cut-off [OR: 1.97 (95%CI: 1.5&.46), P=0%, Table 3].

We conducted sensitivity analyses excluding studies with long durations of-igtigw
12 months) (Supplemental Table®Band excluding studies that included asymptomatic VTE
via screening (Supplemental Tables1l), and they yielded similar resulta.dddition, since
the Khorana score is not recommended in patients with brain cancer or multiple myeloma given
their underrepresentation in the original derivation cofare performed a third sensitivity
analysis excluding studies conducted solely in brain or multiple myeloma cancer patients.

Similar results were also observed (Supplemental Table 12).

4 5 Discussion

In this metaanalysis, we identified two biomarkers at cancer diagnosis (factor VIII and time to
peak thrombin), three biomarkers fmteemotherapy (dimer, fibrinogen and mean platelet
volume) and, one biomarker preoperatively (platelet count) that vggriéicantly altered in

cancer patients who developed VTE compared to those that did not develop VTE according to
the median/mean differences. Additionally, we found that hemogloldi@0 g/Land white

blood count 11 x 10/L were significantly associated with future VTE risk only when

measured at cancer diagnosis whereas platelet co886 x 10/L showed no association. Pre
chemotherapy NLR >3 and preoperative platelet cous®0 x 16/L were also found to be
associated with future VTE risk. To our knowledge, this is the first systematic review with meta
analyses evaluating the association between multiple biomarkers and VTE risk in patients with
cancer.

Blood hemostasis and clot formation is controlled by various enzymes, factors and
proteins!4* Therefore, it should be no surprise that the incidence of VTE is therefore
heterogenous among patients with certain biomarkers. In this study, cancer patients who
developed subsequent VTE had significantly higher or lower levels of certain biomarkers tha
differed by timing of measurement. Of note, the significant difference whrmotherapy
fibrinogen levels should be interpreted with caution due to the low number of patients, low event

rate and the inclusion of femadmly studies. Nc:)Lrigtheless, thiedings of increased VTE risk in



patients with elevated or decreased biomarker levels we report in this paper are aligned with
other studies evaluating the same biomarkers levels at the time of VTE in cancer {fatiéhts,
as predictors of first symptomatic provoked VTF&1%and as risk factors in the general
populationt>¥ 153 This supports that certain biomarkers could play a role in the prediction of
VTE. Future research should investigate these biomarkers and assess their performance in risk
prediction models at préefined timepoints. From the identified biomarkersjierhas
previously been integrated in VTE risk models in newly diagnosed cancer péfiglgiven its
strong association with future VTE risk. However, since the results mainly derive from the same
cohort and in newly diagnosed cancer patiéhtsD-dimer should be further investigated in
future research along with the other biomarkers. Notably, it is important to also mention that
some of these biomarkers are not routinely available in clinical practice or measured for VTE
prediction in cancer pignts. If confirmed, these biomarkers may represent important predictors
to measure in practice. To effectively integrate the use of biomarkers for VTE prediction, efforts
should be made to unify test methods and units reported.
Our study also evaluated the predictive ability of several commonly used blood tests for

VTE in cancer patients. Three particular biomarkers that were-anelgzed are the complete
blood count (CBC) components as part of the Khorana score including todmmogl100 g/L,
platelet count 350 x 16/L and white blood count > 11 x ¥0.1* The Khorana score is
currently the most widely known and validated risk stratification tool to stratify the risk of VTE
in ambulatory cancer patients initiating chemotherapy. However, recent studies have shown that
the discriminatory performance of the ¢tlana score is suboptimal with modest proportions of
patients with VTE assigned as higbk, and there was inconsistency across cancer
typest®20.155.154n our study, we did not find significant associations between the three pre
chemotherapy CBC components and VTE risk, thereby questioning the relevance of these cut
offs as predictors. Other prospective cohort studies have reported similar findingstased
multivariate analyse¥:2%12lt is also possible that the insignificant associations we observed are
due to the dichotomization of biomarker levels (instead of using continuous values) which leads
to a loss of informatiof?” However, hemoglobin levels 100 g/Land white blood count levels

11 x 10/L measured at cancer diagnosis were found significantly associated with subsequent
VTE risk. This suggests that these-offs may be better used at the time of cancer diagnosis in

patients who have not yet received anticancer therapy. In sormgher®herapy may coincide
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with the time of cancer diagnosis however, for others, it may indicate starting a new
chemotherapy regimen after previous rounds of chemotherapy treatment. In these latter patients,
blood counts may not predict VTE given that chemotherapy agents couldffested blood
counts!>8 160 Fyrthermore, another biomarker that we evaluated was NLR>3. We found an
increased risk of VTE in cancer patients with NLR>3-ghhemotherapy and at cancer diagnosis,
yet, statistically significant only for prehemotherapy. In both megaalyses, only twetudies
were included, suggesting this association should be explored further. There is growing evidence
that there is a link between inflammation and increased VTE%iskipporting the utility of
inflammation markers such as NLR to predict VTE.

It is well known that surgery is a major risk factor for V. terms of patients
undergoing oncologic surgery, we metaalyzed biomarker levels measured preoperatively to
determine if any may aid in the prediction of postoperative VTE. One particular biomarker,
platelet count, showed promise in predicting postajpee VTE events in cancer patients. We
found significantly higher preoperative platelet count in patients who developed postoperative
VTE events compared to patients who did not develop postoperative VTE. Additionally, we also
reported an increased VTEk in cancer patients with preoperative platelet coud00 x 10/L.
A previous systematic review and metaalysis investigating platelet count and thrombosis in
cancer reported similar resul8.These findings provide evidence that having a high platelet
count coupled with surgery may increase the risk of VTE in cancer patients. This same effect
may not be seen in cancer patients with elevated platelet counts at cancer diagnosis or pre
chemotherpy as chemotherapy agents can cause a reduction in platelet count levels which may
exert a protective effeépd163

There were some limitations in this study. First, we performed-aretlyses on
biomarkers when two or more studies provided the necessary information. This approach led us
to focus on biomarkers that were consistently analyzed in multiple articles amd mptentially
more novel or unpopular biomarkers that have not yet been widely reported. As such, our ability
to make pooled inferences for less commonly reported biomarkers was limited. Second, the
patient characteristics and definition of VTE variedoas studies, which caused some
heterogeneity in our pooled estimates and may limit the generalizability of our findings to certain
patient populations. Most studies had a VTE definition of objectively diagnosed symptomatic or

incidental VTE, however sonstudies, mainly in the perioperative setting, also included
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asymptomatic VTE events (identified via screening) which may influence results. Also, although
we pooled studies with similar timing of biomarker measurements, there may have been some
variations in terms of when blood was collected (i.e., blood measteegeqratively could have
been measured the day of surgery or days prior to the procedure). Third, we pooled unadjusted
estimates, which could have led to residual confounding. However, we chose to pool unadjusted
estimates because the included studiesididletermine the confounders a priori and/or had
evidence of overadjustment. Lastly, it is possible that in some patiedimdé served as a
diagnostic biomarker reflecting a silent or subclinical VTE event that later became clinically
detected cases.dwever, we tried to minimize this by excluding studies with VTE events at the
time of biomarker measurement or inclusion and focusing on primarily prediction studies with
follow-up periods ranging from one week to a little over two years. Six stBéfi& 7298132
included in the Bdimer metaanalyses also either screened all patients with diagnostic tests or
excluded patients with any evidence of VTE at the start of fellpwin contrast, our study has
important strengths. For the majority of our matelyses, & attained a large sample of cancer
patients and VTE events, providing good precision and sufficient statistical power in the
analyses. Our statistical analyses were also rigorous and we performeahadgses for
numerous biomarkers. Additionally, we éxded articles reporting VTE at the time of biomarker
measurement which ensured biomarkers to be measures of risk of VTE, and that they were not
confounded by the effects of an existing VTE event. Similarly, our strategy to pool the estimates
by the timingof measurements ensured that the biomarkers were not confounded by treatment
effects and improved generalizability of the findings.

Our study has important implications for future studies aiming to utilize biomarkers or
construct models for VTE risk prediction in cancer. In this systematic review aneanmadyasis,
we comprehensively reviewed and matelyzed various biomarkers thagne evaluated in the
literature and highlighted several biomarkers that may be useful in the prediction of VTE in
cancer patients. The identification of promising biomarkers in this review provides important
insights for future research efforts aimingraprove VTE prediction in patients with cancer.
The inclusion of some of these biomarkers in risk assessment models may help in the
identification of cancer patients at high risk of VTE and therefore, candidates for

thromboprophylaxis.
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Tablel1. Characteristics of studies thabntributed to the metanalysis (MA) by biomarker

Biomarker Contributed to MA N of
Timing of N of  Cancer Types$ Outcomé studies
measurement  studie not

S contributi
ng to MA

Activated Partial Preoperative 4 Gynecologic (n=2)Brain, VTE (n=3), 5

Thromboplastin Stomach DVT

time

Albumin Preoperative 3 Colorectal, Ovarian, Stomac! VTE (n=2), 6

DVT

C-reactive Preoperative 4 Brain, Geniteurinary, VTE (n=3), PE 4

protein Gynecologic, Stomach

D-dimer At cancer 2 Various or Pancreas VTE (n=2) 28
diagnosis
Pre 5 Various (n=3) or Lung, VTE (n=5)
chemotherapy Ovarian
Preoperative 6 Gynecologic (n=2), Brain, VTE (n=3),

Breast, Lung, Stomach DVT (n=2),
PE

Factor VIl At cancer 2 Various or Pancreas VTE (n=2) 6

activity diagnosis

Fibrinogen At cancer 2 Lymphoma, Pancreas VTE (n=2) 6
diagnosis
Pre 3 Breast, Ovarian (n=2) VTE (n=3)
chemotherapy
Preoperative 5 Brain (n=2), Breast, Ovarian DVT (n=3),

(n=2) VTE, PE

Hematocrit Pre 2 Breast, Ovarian DVT (n=2) --

chemotherapy
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Hemoglobir? At cancer 5 Various or Pancreas (n=2), VTE (n=5) 9
diagnosis Lymphoma
Pre 6 Various (n=2) or Ovarian VTE (n=5),
chemotherapy (n=2), Myeloma, Pancreas DVT
Preoperative 7 Breast (n=2), Brain, VTE (n=3),
Colorectal, Gynecologic, DVT (n=3),
Ovarian,Stomach, PE
Hemoglobin? At cancer 4 Various or Colorectal, Liver, VTE (n=4)
diagnosis Pancreas
Pre 10 Various (n=3) or Lung (n=2), VTE (n=9),
chemotherapy Myeloma (n=2), Colorectal, DVT
Lymphoma, Pancreas
Lymphocyte Preoperative 3 Gastric, Gynecologic, Head VTE (n=3) 3
Count and Neck
Mean Platelet Pre 2 Various (n=2) VTE (n=2) 2
Volume chemotherapy
Neutrophil At cancer 2 Gastrointestinal, Gynecologir VTE (n=2) 6
Count diagnosis
Preoperative 3 Brain, Gynecologic, Stomaclk VTE (n=2), PE
Neutrophil At cancer Gastric, Lymphoma VTE (n=2) 2
Lymphocyte diagnosis
Ratio Pre 2 Various or Pancreas VTE (n=2)
chemotherapy
Peak thrombin At cancer 3 Various or Lung, Pancreas, VTE (n=3) 5
diagnosis
Platelet Count® At cancer 4 Various or Gynecologic, VTE (n=4) 17
diagnosis Lymphoma, Pancreas
Pre 6 Various (n=2) or VTE (n=5),
chemotherapy Gynecologic, Myeloma, DVT

Ovarian, Pancreas

13¢



Preoperative 10 Gynecologic (n=4), Brain VTE (n=5), PE
(n=2), Breast, Colorectal, (n=2), DVT
Head and neck, Stomach (n=3)
Platelet Counf At cancer 5 Various or Colorectal, VTE (n=5)
diagnosis Gynecologic, Liver, Pancrea
Pre 8 Various (n=3) or Lungn=2), VTE (n=7),
chemotherapy Colorectal, Lymphoma, DVT
Myeloma
Preoperative 2 Various or Colorectal VTE (n=2)
Platelet Pre 2 Various or Pancreas VTE (n=2)
Lymphocyte chemotherapy
Ratio
Prothrombin Preoperative 2 Brain, Gynecologic VTE, PE
time - ratio
Prothrombin Preoperative 2 Brain, Ovarian VTE, DVT
time - sec
Prothrombin Preoperative 2 Brain, Stomach VTE, DVT
time - %
Red blood cell Preoperative 2 Breast, Gynecologic VTE, DVT
aggregate low
shear
Red blood cell Preoperative 2 Breast, Gynecologic VTE, DVT
aggregate stasis
Soluble P At cancer 2 Various or Pancreas VTE (n=2)
selectin diagnosis
Pre 2 Various (n=2) VTE (n=2)
chemotherapy
Time to peak At cancer 2 Various or Lung VTE (n=2)
thrombin diagnosis

14C



White Blood At cancer 5 Various or Gynecologic, VTE (n=5) 11

Count? diagnosis Gastrointestinal, Lymphoma,
Pancreas
Pre 5 Various (n=2) or Ovarian VTE (n=4),
chemotherapy (n=2), Pancreas DVT
Preoperative 8 Gynecologic (n=2), Brain VTE (n=3),
(n=2), BreastColorectal, DVT (n=4),
Head and Neck, Stomach  PE
White Blood At cancer 4 Various or Colorectal, VTE (n=4)
Count? diagnosis Gynecologic, Liver
Pre 9 Various (n=4) or Lung (n=2), VTE (n=8),
chemotherapy Colorectal, Myeloma, DVT
Ovarian

Abbreviations: DVT=Deep Vein Thrombosis, MA=Meataalysis, PE=Pulmonary Embolism,
VTE=Venous Thromboembolism

4ncluded in the metanalysis of median/mean differences

®Included in the generic inverse variance DerSimonian Laird-anredysis

°No number is provided in parentheses when only one study reported on the cancer type or VTE

outcome
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Table2. Median or mean differences in biomarker levels between VTE and-NGikt patients

when measured at cancer diagnosgge-chemotherapy or preoperatively

Biomarkers Sampl VT 12, % Median P-value  Certainty of
studies esize E difference/ evidence
Mean difference (GRADE)?
AT CANCER DIAGNOSIS
D-dimer (ug/mL¥ 1726 15 60.4 0.75¢0.231.72) 0.1326 £ ¢ &
4 Moderate?
Factor VIII (% activity) 881 71 O 31.50 (11.55 0.0020 § § § § High
51.45)
Fibrinogen (g/Ly 747 78 52.8 0.05¢0.640.73) 0.8983 §§ St
Moderate"
Hemoglobin (g/L) 2544 23 51.1 -3.488.691.73) 0.1900 $§ § § § High
6
Neutrophil Count (x19L) 151 26 O 0.80 €1.222.82) 0.4400 & ¢ ¢ ¢
Moderate
Peak thrombin (nM) 1201 98 O 29.82 (1.71 0.0638 § § § § High
61.34)
Platelet Count (x1UL) 2551 23 65.2 -0.82¢41.68 0.9687 §§ S5t
9 40.04) Moderate?
Soluble PSelectif 728 53 0 4.02¢2.8510.89) 0.2513 $§ § § § High
Time to peak thrombin 1160 89 0 -1.39 €2.27-- 0.0020 §§S§t
(min) 0.51) Moderate"
White Blood Count 2583 24 19.1 0.47 ¢0.141.08) 0.1314 $§ $§ § § High
(x10°/L) 9
PRE-CHEMOTHERAPY
D-dimer (ug/mL¥ 5288 59 O 1.79 (1.122.46) <0.000 § $§'t
1 Moderate"
Fibrinogen (g/Lj 141 15 O 0.81(0.311.32) 0.0016 $ st t Lowh
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Hematocrit (%) 84 10 426 -0.25¢4.594.09) 0.9096 $ $t t LowM
Hemoglobin (g/L) 1075 16 0 -0.12¢1.140.90) 0.8170 §s$ 5§t
6 Moderate"
Mean Platelet Volume (fL 678 50 O -0.39 ¢€0.73- 0.0226 § § § § High
0.05)
Platelet Count (x1UL) 1075 16 17.3 10.63 €9.60 0.3031 §§s§t
6 30.87) Moderate"
Soluble PSelectif 233 26 0 6.67¢3.8317.16) 0.2131 $§§$t
Moderate
White Blood Count %64 14 O 0.03(-0.42-:0.47) 0.8803 $§ § § § High
(x10°/L) 5
PREOPERATIVE
Activated Partial 926 11 39.2 -0.73¢2.340.89) 0.3800 $ § § § High
Thromboplastin Time 6
(sec)
Alanine transaminase 618 78 0 1.09 (4.666.84) 0.7105 § § § § High
(IU/L)
Albumin (g/L) 614 47 -1.68(-3.380.02) 0.0530 §$ §t t LowM
C-Reactive Protein (mg/L) 490 66 0.01 €0.060.08) 0.7800 § s st
Moderate"
D-dimer (ug/mL) 1091 12 26.9 0.13¢0.040.30) 0.1386 $$t t Lowni
5
Quantitative latex 234 15 NA 0.76 €0.141.66) 0.0964 § St t Very
enhanced Low"!
immunoassay
Latex photometric 75 21 NA 0.30¢0.37-0.97) 03782 s§§tt Very
immunoassay Low"
Not stated 782 89 24 0.04¢0.040.12) 0.3546 $$§t t LowMh
Fibrinogen (g/L) 914 13 0 0.14 €0.020.30) 0.0902 §§§'t
9 Moderate"
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Hemoglobin (g/L)

Lymphocyte Count
(x1O°/L)

Neutrophil Count (x19L)
Platelet Count (x10L)

Prothrombin time (ratio)

Prothrombin time (sec)

Prothrombin time (%)

Red blood cell aggregate
low shear

Red blood cell aggregate
stasis

Thrombin time (sec)
White Blood Count
(x10°/L)

7

3

3
10

8

1452

1048

842
2515

175

233

618

307

307

725
2175

65

93

26

5

55

17

78

33

33

90

22
2

63.5

69.9

41.4

76.0

0

-0.69 ¢6.344.96)
-0.43 (0.880.03)
0.05(-0.56:0.66)
17.21 (1.74
32.68)
-0.01 ¢0.040.02)
-0.20 ¢0.76:0.36)
-5.97 ¢12.27
0.34)
4.11 €1.729.93)

1.76(-0.21-3.72)

0.00 ¢0.30:0.30)
0.01 (0.350.37)

0.8106

0.0647

0.8685
0.0292

0.4069

0.4802

0.0635

0.1670

0.0798

1.0000
0.9456

§S$tt Lowdh
§8§S§8t
Moderate?

§ § § § High
Moderate"
Moderate"
Moderate

§ & & & High

sttt Very
Lowdhi
§8tt Lowh
§ 5% 8§ High
§S$§St

Moderateh

Abbreviations: VTE=Venous Thromboembolism

@High certainty of evidence is characterised by four positive symbofs § § ) but, for each

downgrade in certainty, a positive symbol was replaced with a negative sympol (

bD-dimer levels for the included studies were measured via quantitativeslatiexced

immunoturbidimetric immunoassay (eoff for the assay: 0.5 ug/mL).

‘Levels measured using the Clauss method in one study and method of measurement was not

stated in the other.

dSoluble Pselectin measured using humanssfectin Immunoassay from R&D Systems Inc.

€All three studies measured fibrinogen using the Clauss method.

fLevels measured using the Clauss method in two studies and method of measurement not stated

in the others.
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9Due to inconsistency; the measure of heterogenéitys(large for the number of included
studies

"Due to risk of bias; the majority of studies have moderate to high risk of bias

'Due to imprecision; low event rate or sample size

IThe included studies did not all specify the method of measurementliofi€ (indirectness of

exposure)
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Table3. The odds ratios (OR) of dichatous biomarker cubffs to predict VTE in cancer

patients
Biomarkers Cut- Nof Samp VT 13 Pooled OR P-value Certainty of
off? studie lesize E % evidence
s (GRADE)?
AT CANCER DIAGNOSIS
Hemoglobin (g/L) 100 4 1576 25 O 1.86 (1.2t 0.0048 § s S S High
2 2.86)
Neutrophil Lymphocyte 3 2 818 82 67.1 161(055 03904 sSsStt
Ratio 4.74) Low¢cd
Platelet Count (x1UL) 350 5 1695 26 579 1.09(0.59 0.7797 §$§S§t
8 2.00) Moderate®
White Blood Count 11 4 1025 16 2.2 1.67(1.06 0.0272 § § § § High
(x10°/L) 4 2.62)
PRE-CHEMOTHERAPY
Hemoglobin (g/L) 100 10 7134 61 452 1.14(0.76 0.5168 $§ § § S High
8 1.71)
Neutrophil Lymphocyte 3 2 1236 14 0 1.47 (1.0t 0.0421 § s s S High
Ratio 1 2.13)
Platelet Count (x190L) 350 8 6508 51 29.1 0.94(0.69 0.7190 $ § § $ High
9 1.29)
Platelet Lymphocyte 260 2 1236 14 221 1.36(0.79 0.2742 §$$ S S High
Ratio 1 2.35)
White Blood Count 11 9 10911 63 55.1 1.20(0.80 0.3799 §§S§t
(x1QP/L) 5 1.78) Moderate®
PREOPERATIVE
Hemoglobin (g/L) 100 2 800 73 283 0.99(0.52 0.9816 S S S S High
1.89)
Platelet Count (x1UL) 400 2 45056 73 O 1.97 (1.58 <0.000 $§ $ § § High
1 2.46) 1

Abbreviations: OR=0dds Ratio, VTE=Venolkromboembolism
@High certainty of evidence is characterised by four positive symbads§ $ ) but, for each
downgrade in certainty, a positive symbol was replaced with a negative sympol (

bSome studies used € i

instead of and

for hemoglobin and white blood count

°Due to inconsistencyhe measure of heterogeneity) (s large for the number of included

studies

dDueto risk of bias; the majority of studies have moderate to high risk of bias
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Figure 1. PRISMA flow diagram
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Figure 2. Overall risk of bias of studies included in the a) median/methfierences and b)

pooled odds ratio metanalyses of each biomé&er
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2.35 [0.95; 5.80]
1.35 [0.26; 6.97)
0.59 [0.18; 1.92]
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3.29 [1.45; 7.47)
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Figure 3. Forest plot of the odds ratio for the association of the Khorana score blood

parameters with VTE risk
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4.7 Appendix

Supplemental Datd. Search strategy

MEDLINE

1.

2.

8.

9.

Venous Thromboembolism/
(venous adjl thrombo*).ti,ab,kf.
(vein* adjl thrombo*).ti,ab,kf.

Venous Thrombosis/

. venothrombo*.ti,ab,kf.
. pulmonary embolism/ or pulmonary infarction/

. (pulmonary adj1 thrombo*).ti,ab,kf.

(pulmonary adjl embol*).ti,ab,kf.

(lung adjl embol*).ti,ab,kf.

10.(lung adj1 thrombo*).ti,ab,kf.

exp biomarkers/ or blood coagulation faatdribitors/ or blood

‘coagulation factors/

12.(biologic* adj1l marker*).ti,ab,kf.

13.(biochemical adjl marker*).ti,ab,kf.

14 biomarker*.ti,ab,kf.

15 (clinical adj1 marker*).ti,ab,kf.

16.(surrogate adjl endpoint*).ti,ab,kf.

17.(surrogate adjend adjl point*).ti,ab,kf.

18.(surrogate adj1l marker*).ti,ab,kf.

19 (immun* adj1l marker*).ti,ab,kf.
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20.(laboratory adjl marker*).ti,ab,kf.
21.(serum adjl marker*).ti,ab,kf.

22 .(plasma adjl marker*).ti,ab,kf.
23.Genetic Markers/

24.(genetic adjl marker*).ti,ab,kf.
25.(dna adjl marker*).ti,ab,kf.
26.(chromosome adjl marker*).ti,ab,kf.
27.Genetic Predisposition to Disease/
28.(genetic adjl predisposition*).ti,ab,kf.
29.(genetic adjl susceptibilit*).ti,ab,kf.
30.(genetic adj2 (risk* or factor*)).ti,ab,kf.
31.(coagulation adjl1 factor*).ti,ab,kf.
32.(clotting adj1 factor*).ti,ab,kf.

33.exp Genes/

34.exp Mutation/

35.(gene or genes or allele or alleles).ti,ab,kf.
36.exp Neoplasms/

37.cancer*.mp.

38.malignan*.mp.

39.(tumor or tumour).mp.

40.(neoplasm or neoplasms).mp.

41 (predict* or prognos* or risk*).ti,ab,kf.

152



421or2or3o0ordor50r60or7o0r8or9orl0

3 11or12orl13orld4orl150rl16orl17or18or 19 or 20 or 21 or 22
or 24 or 25 or 26 or 27 or 28 or 29 or 30 or 31 or 32 or 33 or 34 or :

44,36 or 37 or 38 or 39 or 40
4541 and 42 and 43 and 44

45 not (exp animals/ not humans.sh.) [mp=title, abstract, original tit|
name of substance word, subject heading word, floatingneating
46.word, keyword heading word, organism supplementary concept wo

protocol supplementary concept word, rare dissapplementary

concept word, unique identifier, synonyms]

EMBASE

1. vein thrombosis/

2. (vein$ adjl thrombo$).&b,kw.

3. venous thromboembolism/

4. (venous adjl thrombo$).ti,ab,kw.

5. venothrombo$.ti,ab,kw.

6. lung embolism/

7. (lung adjl embol$).ti,ab,kw.

8. (pulmonary adjl embol$).ti,ab,kw.
9. (lung adj1 thromboembol$).ti,ab,kw.
10.(pulmonary adjl thromboembol$).ti,ab,kw.
11.deep vein thrombosis/

12 biological marker/
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13.biomarker$.ti,ab,kw.

14.(biologic$ adjl marker$).ti,ab,kw.
15.(biochemical adjl marker$).ti,ab,kw.
16.(clinical adj1 marker$).ti,ab,kw.
17.(surrogate adjl endpoint$).ti,ab,kw.
18.(surrogate adjl end adj1 point$).ti,ab,kw.
19 (surrogate adjl marker$).ti,ab,kw.
20.(immun$ adjl marker$).ti,ab,kw.
21.(laboratory adjl marker$).ti,ab,kw.
22.(serum adjl marker$).ti,ab,kw.
23.(plasma adjl marker$).ti,ab,kw.
24.genetic marker/

25 (genetic adjl marker$).ti,ab,kw.
26.(dna adjl marker$).ti,ab,kw.
27.(chromosome adjl marker$).ti,ab,kw.
28.genetic predisposition/

29 (genetic adjl predisposition$).ti,ab,kw.
30.(genetic adjl susceptibilit$).ti,ab,kw.
31.(genetic adj2 (risk$ or factor$)).ti,ab,kw.
32.blood clotting factor/

33.(coagulat$ adjl factor$).ti,ab,kw.

34 (clotting adj1 factor$).ti,ab,kw.
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35.exp gene mutation/ or exp marker gene/ or gaipe/
36.(gene or genes or allele or alleles).ti,ab,kw.
37.exp malignant neoplasm/

38.cancer$.mp.

39.malignan*.mp.

(tumor or tumour).mp. [mp=title, abstract, heading word, drug trade
40.name, original title, device manufacturer, dragnufacturer, device tra

name, keyword, floating subheading word, candidate term word]

(neoplasm or neoplasms).mp. [mp=title, abstract, heading word, dr
41.trade name, original title, device manufacturer, drug manufacturer,

trade name, keyword, floating subheading word, candidate term wc
42 (predict* or prognos* or risk*).ti,ab,kw.
431 or2or3ordor5or6or7or8or9orl0orll

" 12or13orl14 orl150r 16 or 17 or 18 or 19 or 20 or 21 or 22 or 23
or 25 or 26 or 27 or 28 or 29 or 30 or 31 or 32 or 33 or 34 or 35 or ¢

45 37 or 38 or 39 or 40 or 41

46.42 and 43 and 44 and 45

COCHRANE CENTRAL

#1
#2
#3
#4
#5
#6
#7
#8

MeSH descriptor: [Venous Thromboembolism] explode all trees
(venous near/1 thrombo¥*):ti,ab,kw

(vein* near/1 thrombo*):ti,ab,kw

MeSH descriptor: [Venous Thrombosis] explode all trees
venothrombo*:ti,ab,kw

MeSH descriptor: [Pulmonary Embolism] explode all trees
(pulmonary near/1 thrombo*):ti,ab,kw

(pulmonary near/1 embol*);ab,kw 15



#9 (lung near/1 embol*):ti,ab,kw

#10  (lung near/1 thrombo*):ti,ab,kw

#11 MeSH descriptor: [Biomarkers] explode all trees
#12  (biologic near/1 marker*):ti,ab,kw

#13 (biochemical near/1 marker*):ti,ab,kw

#14  biomarker*:ti,ab,kw

#15 (clinical near/1 marker*):ti,ab,kw

#16  (surrogate near/1 endpoint*):ti,ab,kw

#17  (surrogate near/1 end near/1 point*):ti,ab,kw
#18 (surrogate near/1 marker*):ti,ab,kw

#19  (immun* near/1 marker*):ti,ab,kw

#20 (laboratory near/1 marker*):ti,ab,kw

#21  (serum near/1 marker*):ti,ab,kw

#22  (plasma near/1 marker*):ti,ab,kw

#23 MeSH descriptor: [Genetic Markers] explode all trees
#24  (genetic near/1 marker*):ti,ab,kw

#25  (dna near/1 marker*):ti,ab,kw

#26  (chromosome near/1 marker*):ti,ab,kw

#27 MeSH descriptor: [Genetic Predisposition to Disease] explode all trees
#28 (genetic near/1 predisposition):ti,ab,kw

#29  (genetic near/1 susceptibilit*):ti,ab,kw

#30 (genetic near/2 (risk* or factor*)):ti,ab,kw

#31 (coagulation near/1 factor*):ti,ab,kw

#32 (clotting near/1 factor*):ti,ab,kw

#33 MeSH descriptor: [Genes] explode all trees

#34 MeSH descriptor: [Mutation] explode all trees
#35 (gene or genes or allele or alleles):ti,ab,kw

#36 MeSH descriptor: [Neoplasms] explode all trees
#37 cancer*

#38 malignan*

#39  (tumor or tumour)
15€



#40 (neoplasm or neoplasms)

#41  (predict* or prognos* or risk*):ti,ab,kw

#42  (#1 or #2 or #3 or #4 or #5 or #6 or #7 or #8 or #9 or #10)

#43  (#11 or #12 or #13 or #14 or #15 or #16 or #17 or #18 or #19 or #20 or #21 or #22 or #23
or #24 or #25 or #26 or #27 or #28 or #29 or #30 or #31 or #32 or #33 or #34 or #35)

#44  (#36 or #37 or #38 or #39 or #40)

#45 (#41 and #42 and #43 and #44)

#46  (#45 not (animal or plants or nonhuman or animal tissue or animal experiment or animal

model or fungus))



Supplemental Tabld. Study characteristics of included studies

ID T First Year | Country | Design | N Cancer | Use of Anticoa | Biomarkers
author Type gulation or
Antiplatelet
AntiC | AntiP

SURGERY BASED ARTICLES

11- 2021 | Sweden | PC 380 | Many | Yes - D-Dimer, erythrocyte

Dranichnikov

46 - Rink 2020 | Germany| PC 189 | Genito | Yes - Activated partial thromboplastin time;Reactive Protein, Fibrinogen,

urinary Internalized Normalized Ratidhrombin Time, Thrombocyte

4971 Norris | 2020 |Ireland | PC 616 | Gyne | Yes - Hemoglobin, Lymphocyte Count, Neutrophil Count, Platelet Count,
White Blood Count

507 Oto 2020 | Italy PC 50 Brain Yes Yes Activated partial thromboplastin time;Reactive Protein, calprotectin
D-dimer, estimated Glomerular Filtration Rate, Fibrinogen, hemoglag
mi R myelpoperoxidase, neutrophil count, nucleosomes, plasma ce|
free DNA, Platelet Count, Prothrombin Time, White Blood Count

807 Li 2020 | China RC 3310| Breast | No No D-dimer, homocysteine

144- Liang | 2020 | China RC 134 | Gyne - - Activated partial thromboplastin time-@imer, Fibrinogen, Plasmin
inhibitor-plasmin complex, Prothrombin time, Thrombin titflepombin
antithrombin complex, thrombomodulin, tissue plasminogen activat
plasminogen activator inhibitdr complex
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1497 Zhou | 2020 | China RC 233 | Ovarian| Yes Activated partial thromboplastin time, albuminsddmer, Fibrinogen,
Platelet CountProthrombin Time, Thrombin time

2891 Cui 2018 | China PC 234 | Breast | - D-dimer, Hemoglobin, Mean Platelet Volume, Platelet Count, Platel
Distribution Width, White Blood Count

290- Matsuo | 2018 | Japan & | RC 906 | Uterine | - CA-125

USA

368-Wang | 2019 | China PC 323 | Lung - D-dimer

399- Unruh | 2017 | China PC 29 Brain - tissue factor microparticles activity

446- Saadeh| 2016 |Ireland | PC 96 Gyne | Yes Endogenous thrombin potential, age, Prothrombin time, Time To
Peak

653- Wu 2013 | China RC 183 | Ovarian| Yes CA-125, Ddimer, hemoglobin, Platelet Count, Prothrombin time, Wi
Blood Count

702- 2012 | Thailand | Nested | 308 | Many | No Eosinophil count, hemoglobin, Lymphocyte Count, Mean Corpuscu

Rojnuckarin CcC Volume, Monocyte Count, Neutrophil Count, Platelet Count, White
Blood Count

787- 2011 |Japan & | PC 60 Gastric | - D-dimer

Kusunoki USA

896- Stender| 2009 | Denmark| PC 176 | Colorec| No D-dimer

tal
1108- 2002 | Denmark| PC 137 | Colorec| Yes Prothrombin fragment 1+2, soluble fibrin, Thromdaintithrombin
Iversen tal complex
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1158i 1999 | ltaly Post 157 | CNS Yes Soluble fibring polymers
Sonaglia hoc
RCT
S002- 2015 | USA RC 107 | Gyne |- CA-125, Platelet Count
Albertin
S008i Von | 1998 | Germany| PC 46 Ovarian| -- Fibrinogen, Hematocrit, Hemoglobin, Plasma viscosity, Platelet Cot
Tempelhoff Red Blood Cell aggregate low shear, Red Blood Cell aggregate sta
White Blood Count
S017- Khan | 2019 | USA CC 447 | Many | Yes Albumin
S020- 2009 | Japan PC 75 Gyne | Yes Activated Partial Thromboplastin Time;Reactive Protein,-dimer,
Kodama hemoglobin, Platelet Count, Prothrombin Time
S022- Lee 2016 | Korea PC 400 | Colorec| No D-dimer,hemoglobin, Platelet Count, White Blood Count
tal
S039- Yang | 2012 | China RC 1001 | Lung No D-dimer
S048- Von 1995 | Germany| PC 43 Breast | -- Fibrinogen, Plasma viscosity, Red blood cell aggregation stasis
Tempelhoff
S049i Von | 1997 | Germany| PC 58 Ovarian| Yes Antithrombin, CA15, D-dimer, Fibrinogen, plasminogen activator
Tempelhoff inhibitor activity, Protein C, CAL53, CA724, CEA
S050i Von | 2000 | Germany| PC 261 | Gyne No Plasma viscosity, Red Blood Cowggregate low shear and stasis
Tempelhoff or
Breast
4943- Huang| 2022 | Canada | PC 131 | Brain No D-dimer, Platelet Count
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5515- Kaida | 2021 | Japan PC 126 | Gastric | Yes Yes Activated partial thromboplastic Time, Alanine Transaminase, Albur
AspartateAminotransferase, €eactive protein, Creatinine,-Bimer,
hemoglobin, Lymphocyte Count, Neutrophil Count, Platelet Count,
Prothrombin time, Total Bilirubin, White Blood Count
S037i Tham | 2017 | USA RC 306 | Head | Yes Yes Lymphocyte CountPlatelet Count, Platelet Lymphocyte Ratio, White
and Blood Count
Neck

Al - Wang 2014 | USA RC 2076 | Bladder| Yes - Rhesus antibody

S051- Boone| 2019 | USA RC 426 | Pancreg Yes -- CA 19-9. Hemoglobin, Lymphocyte count, Neutrophil Lymphocyte
S Ratio, Plateletymphocyte Ratio

S054- Shi 2021 | China RC 492 | Brain No -- Activated partial thromboplastin time, alanine transaminase, creatin
D-dimer, Fibrinogen, International normalized ratio, idensity
lipoprotein, Platelet Count, Prothrombin time, thrombin time, total
cholesterol, triglycerides, uric acid, White BloGdunt

S055- 2011 | Many PC 4465| Many | -- -- Albumin, Platelet Count

Merkow 6

S057- 2018 | USA PC 255 | Colorec| Yes -- Albumin, Hemoglobin, Platelet Count, White Blood Count

Sinnamon tal

ANY TREATMENT BASED ARTICLES

13- Rupa 2018 | Poland |RC 428 | Lymph | -- Yes Hemoglobin, Neutrophil Count, Platelet Count, White Blood Count

Matysek oma

437 Nazari | 2019 | Austria | PC 76 Brain | Yes -- Tumor necrosis factor alpha, Vascular endothelial gréadtor
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10971 Posch | 2020 | Austria | PC 167 | Many | Yes -- Platelet Count, White Blood Count

11871 Lopez | 2019 | Mexico | RC 119 | Gyne |-- - Lymphocyte Count, Monocyte Count, Neutrophil Count, Platelet Co

Salazar White Blood Count

1391 2020 | Germany| PC 100 [ Many | Yes -- D-dimer, Endogenous thrombin potential in PPP, Endogenous throf

Schorling potential in PRP, Hemoglobin,
Immature platelet function, lagtime in PPP, lagtime in PRP, Platelet
Count, sPselectin, time to peak thrombin in PPP, tim@éak thrombin
in PRP, White Blood Count

1571 Posch | 2019 | Austria, | PC 815 | Many | -- Yes 50% Lysis, Amplitude, Baseline Optical Density, Clot Lysis Time,

Russia Lagphase, Maximum Clot Formation Rate, Maximum Clot Lysis rate

Peak Absorbance, Time to Maximum Clot Formation, Time to peak
absorbance

16371 Oto 2020 | Denmark| Nested | 32 Gastrol | -- -- Calprotectin, Myeloperoxidase, Neutrophil Count, Nucleosomes, plé

CC cell free DNA, White Blood Count

2417 2018 | Austrua | PC 1423 | Many | -- -- D-dimer, Factor VIII, Fibrinogen, Hemoglobin, Mean Platelet Volumgé

Pabinger Neutrophil Count, Peak thrombin, Platelet Count, SolubdelBctin,
Velocity Index of Thrombin Generation, White Blood Count

2461 2018 | Sweden | RC 123 | Lung Yes- - Extracellular Vesicle Tissue Factor, Procoagulant Phospholipids,

Gezelius or SA Endogenous thrombin potential, Peak thrombin, time to peak throm

115 total tissue factor

24771 Fotiou | 2018 | Greece |PC 144 | MM Yes Yes Antithrombin, D-dimer, Endogenous thrombin potential, Factor V,

Factor VII activity, fibrin monomer, heparinase, {#aige, mean rate
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index of thrombin generation;$&lectin, peak concentration of
thrombin, Procoagulant phospholipid dependent clotting time,
thrombomodulin activity, time to reach the peak concentration of

thrombin, tissudactor activity, tissue factor pathway inhibitor

2561 2018 | Greece |PC 150 | Lung No -- activated factor VII, antithrombin, {dimer, endogenous thrombin

Syrigos potential, factor V, fibrin monomer, heparinase-imge, mearrate
index of thrombin generation;$tlectin, peak thrombin, procoagulant
phospholipid dependent clotting time, time to peak thrombin, tissue
factor activity

27471 2018 | Spain PC 391 | Many | No -- Hemoglobin, Platelet Count, White Blood Count

Munoz

Martin

2871 2018 | Austria | PC 946 | Many | -- -- Cell-free DNA, Citrullinated histone H3, nucleosomes

Mauracher

3257 2017 | ltaly RC 342 | Many | No No fasting blood glucose, fasting insulin, Hemoglobin A1C. HOMA inde

Guadagni

3361 2017 | Japan PC 97 Many | -- -- D-dimer, Hemoglobin, plasmin alphgasmin inhibitor complex,

Kitayama Platelet Count, Thrombiantithrombin Ill complex, White Blood Coun

36071 Riedl | 2017 | Austria | PC 62 Many | -- -- Activated Glycoprotein lIb/llla, Activated Glycoprotein lib/llla

activated by glycoprotein VI, Activated Glycoprotein llb/llla activate
by Proteas@activatedl, Activated Glycoprotein llb/llla activated by

Proteaseactivated4, Monocyteplatelet aggregas, Monocyteplatelet
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aggregates activated by glycoprotein VI, Monoepl@telet aggregates
activated by Proteassctivatedl, Monocyteplatelet aggregates
activated by Proteassctivated4, Rselectin, Pselectin activated by
glycoprotein VI, Pselectin activated by Proteaaetivatedl, P-selectin

activated by Proteaszctivated4

38571 Faille | 2018 | France |PC 41 Pancrea -- -- CA 199, D-dimer, Extracellular DNA, Factor VIII, Fibrinogen, Free
S tissue factor pathway inhibitor, hemoglobin, Interleu&rMicrovesicle
tissue factor activity, Platelet Count, Solublsé?ectin, Thrombifpeak,
thrombinantithrombin complex, Von Willaland factor, White Blood
Count
3971 Park 2017 | South PC 241 | Gastric | -- -- C-reactive protein, CA 19, CA 724, CEA,D-dimer, Fibrinogen,
Korea hemoglobin, Plasminogen activator inhibithrPlatelet Count, White
Blood Count
4527 2016 | Austria | PC 1070 Many | Yes Yes Albumin, Cholinesterase, Estimated Glomerular filtration rate, White
Konigsbrugg Blood Count
e
460- Pépin | 2015 | Netherla | nested | 160 | Many | -- -- D-dimer, Hemoglobin, Platelet Count, Prothrombin F1+2, Soluble P
nds, CcC Selectin, Von Willebrand factor, White Blood Count
Italy,
France,
Mexico
4697 Posch | 2016 | Austria | PC 804 | Many | No -- Vascular Endothelial growth factor A
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4757 Tafur | 2016 | USA PC 241 | Solid No -- Factor VIII, Protein C
47TV 2015 | China C 1473 | Brain - - Antithrombin, D-dimer, Factor VII, Factor VIII, protein C, protein S,
Jianlong Von Willebrand factor antigen
4937 Matsuo| 2015 | USA CC 1308 | Gyne | -- -- CA-125, interleukin6, Platelet Count
5261 Ay 2014 | Austria | PC 1361 | Many | Yes Yes D-dimer
53271 Kovacs| 2015 | Canada, | Post 153 | MM -- -- D-dimer, Factor VIII, thrombirantithrombin 1l complex
USA hoc
RCT
5521 Ferroni | 2014 | Italy RC 539 | Many | -- -- Mean Platelet Volume
56371 Thaler | 2014 | Austria | PC 141 | Brain Yes Yes C-reactive protein, Hemoglobin, Platelet Count, White Blood Count
5891 Reitter | 2014 | Austria | PC 726 | Many | Yes -- ChemokinelLigand 3, InterleukinlO, Interleukinll, Interleukinlb,
Interleukin3, Interleuking, InterleukinG, Interleukin8
622- 2013 | USA RC 103 | Pancred -- -- Microparticle associated tissue factor
Bharthuar ticobili
ary
6311 2013 | Greece |RC 200 | Myelo | Yes Yes Estimated Glomerular filtration rate, Hemoglobin, Lactate
Bagratuni ma Dehydrogenase, Platelet Count
6361 2013 | Austria | PC 832 | Many | -- -- Platelet Count, White Blood Count
Dickmann
70871 2012 | Austria | RC 747 | Many | -- -- D-dimer
Ahlbrecht
73671 Ferroni | 2012 | Italy RC 208 | Many | No -- Protacinduced coagulation inhibitor percentage
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7861 Almasi | 2011 | Czech RC 111 | MM Yes -- beta2microglobulin, Greactive protein, Calcium, Creatinine,
Hemoglobin, Immunoglobulin at urea, Lactdthydrogenase,
Monoclonal immunoglobulin at serum, Platelet Count
8037 Hoke | 2011 | Austria |PC 23 Brain -- -- D-dimer
8157 Kanz | 2011 | Austria |PC 705 | MM -- -- C-Reactive Protein
8321 Poruk | 2010 | USA RC 133 | Pancrea -- -- Platelet Count, Platel&actor 4
S
8581 2010 | Austria | PC 665 | Many | Yes Yes Platelet Count, thrombopoietin, White Blood Count
Simanek or
514
8621 2009 | Italy PC 381 | Many | -- -- Hemoglobin, homocysteine, Platelet Count, Protein C, Protein S, W
Mandala Blood Count
882- 2009 | Austria | PC 840 | Many | Yes Yes Factor VIII activity
Vormittag
892- Ay 2009 | Austria | PC 821 | Many | Yes Yes Prothrombin Fragment F1+2
10217 2005 | France |RC 77 Germ | Yes -- Lactate Dehydrogenase
Piektty cell
10291 2005 | USA PC 15 MM No -- D-dimer
Streetly
206471 2018 | Multi Post 447 | Colorec| -- -- Vascular Endothelial Growth Factér
Tabernero hoc or tal
RCT 437
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20731 Grilz | 2018 | Austria | PC 1469 | Many | Yes Yes Neutrophil Lymphocyte Ratio
34371 2012 | Italy PC 108 | Lung No - D-dimer
Ferroni
38721 Cini | 2010 | ltaly PC 266 | MM - -- Acquired Activated Protein C Resistance, Factor VIII, Lupus
anticoagulant
47087 2016 | Italy RC 132 | Colorec| -- - High-sensitivity Greactive protein
Gardini tal
4770- 2022 | France, |RC 647 | MM Yes Yes gamma globulin level
Chalayer Belgium,
Switzerla
nd
4823- Roy 2022 | Canada | Post 476 | Many | Yes Yes Growth Differentiation Factor 15, higkensitivity Troponin T, N
hoc terminal preB-type natriuretic peptide
RCT
4964- Li 2021 | China PC 602 | Lung No -- Carcinoembryonic antigen,-Bimer, Hemoglobin, Neutrophil Count,
Platelet Count
50591 2022 | USA Nested | 124 | Many | Yes -- Carbonic anhydrase 9, Folate Receptor, Granulocyte caliimylating
Khorana CcC factor, Growth Hormone, Hemoglobin, Hepabimding EGFlike

growth factor, human hcorionic gonadotropin Beta, human epiderm
growth factor receptor 2, interferanducible T-cell alpha
chemoattractant, interleukihreceptor type 1, interleukib6,

leukocytes, mast/stewell growth factor receptor, MHC class | chain




related protein A, Monocyte chemotactic protein 4, myoglobin, p
selectin, placenta growth factor, platelet Count, pulmonary and
activation regulated chemokine, stromal cell derived factor 1, super

dismutase 1 soluble, thyroid stimulating hormone

50837 2022 | ltaly PC 180 | Prostatel No -- Albumin, alkaline phosphatase, Hemoglobin, Lactate Dehydrogena
Conteduca Neutrophil Lymphocyte Ratio, plasma tumor DNA fraction, serum
chromogranin
70471 Roselli | 2012 | Italy PC 217 | Gastroi | No No D-dimer
ntestina
I
S003i 2009 | ltaly PC 124 | Many | No No D-dimer
Arpaia
S0051 Ay 2010 | Austria | PC 1033| Many | -- -- area under thrombin generation curve, lag phase, Peak thrombin, ti
peak thrombin, velocity index of thrombgeneration
S006- Ay 2008 | Austria | PC 687 | Many | -- Yes Soluble Pselectin
S008i Von | 1998 | Germany| PC 46 Ovarian| -- -- Fibrinogen, Hematocrit, Hemoglobin, Plasma viscosity, Platelet Cot
Tempelhoff Red Blood Cell aggregate low shear, Red Blood &mgliregate stasis,
White Blood Count
S009i 2010 |USA PC 4405| Many | -- -- Hemoglobin, Platelet Count, White Blood Count
Connolly
S014i 2015 | Italy PC 380 | Many | No -- Hemoglobin, Neutrophil Lymphocyte Ratio, Platelet Count, Platelet
Ferroni Lymphocyte Ratio, White Blood Count
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S015i 2018 | USA RC 112 | Gastric | No -- Hemoglobin, Lymphocyte Count, Neutrophil Lymphocyte Ratio,
Fuentes Neutrophils, Platelet Count, Platelet Lymphocyte Ratio
S016i Rupa | 2018 | Poland | RC 118 | Lung Yes Yes Hemoglobin, Platelet Count, White Blood Count
Matysek
S019- 2015 | UK PC 134 | Breast | No -- D-dimer, Eselectin, Fibrinogen, vascular cell adhesion molecule |
Kirwan
S021i 2017 | Germany| RC 109 | Pancred -- -- Activated partial thromboplastin time
Kruger S
S023i Li 2015 | USA RC 670 | Pancred Yes Yes Blood glucose, CA 19, Complete Blood Count, Hemoglobin, Platele
S Count
S0261 2016 | USA PC 719 | Lung No Yes Hemoglobin, Platelet Count, White Blood Count
Mansfield
S031i Posch| 2016 | Austria | PC 1685| Many | -- -- D-dimer, Hemoglobin, Platelet Count, White Blood Count
S0361 2012 | Austria | PC 60 Pancrea -- -- Microparticle associated tissue factor activity
Thaler or S,
72 Brain,
or Stomac
119 |hor
or Colorec
148 | tal
or
43
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or

126

S038i Wang | 2018 | USA RC 270 | Liver -- -- Hemoglobin, Platelet Count, White Blood Count
S042i 2012 | USA RCT 66 Many | No No Tissue factor bearing microparticles
Zwicker
S043i 2018 [N&S PC 1980 | Lung - - Hemoglobin, Platelet Count, White Blood Count
Kuderer America,

Europe,

Asia
S046i Van | 2017 | Netherla | PC 876 | Many | No Yes Hemoglobin, Platelet Count, White Blood Count
Es nds,

Italy,

France,

Mexico
S048-Von | 1995 | Germany| PC 43 Breast | -- -- Fibrinogen, Plasma viscosity, Rbtbod cell aggregation stasis
Tempelhoff
4961- 2022 | Serbia PC 706 | Lymph | Yes -- Albumin, Greactive protein, erythrocyte sedimentation rate, Fibrinog
Otasevic oma Hemoglobin, Lactate dehydrogenase, Leukocytes, Neutrophil

Lymphocyte Ratio, Platelet Lymphocyte Ratio, Platelet Count, Tota
proteins

3641 Moeini | 2017 | USA RC 714 | Gyne | Yes -- CA-125, Platelet Count
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S051- Boone| 2019 | USA RC 426 | Pancrea Yes -- Hemoglobin, Lymphocyte count, Neutrophil count, Neutrophil
S Lymphocyte Ratio, Platelet Count, Platdlginphocyte Ratio, White
Blood Count
S052- Chen | 2021 | China RC 245 | Colorec| -- -- Carcinoembryonic antigen,-Bimer, Hemoglobin, Platelet Count, Whi
tal Blood Count
S053- Kuk |2017 |Poland |RC 57 Ovarian| Yes - Activated partial thromboplastin timB-dimer, Fibrinogen,
Hemoglobin, International normalized ratio, Platelet Count, Prothror
time, White Blood Count
S056- Yu 2015 | Canada | RC 499 | Colorec| Yes Yes Hemoglobin, Platelet Count, White Blood Count
tal
S058- 2021 | USA RC 2870 MM Yes Yes Hemoglobin, Platelet Count, White Blood Count
Sanfilippo

Abbreviations: CC=caseontrol, Gcohort=caseohort, CNS=Central Nervous System, Gyne=Gynecologic, MM=Multiple Myeloma,

PC=prospective cohort, RC=retrospective cohort, RCT=randomized control trial
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Supplemental Tabl. Outcome and treatments of included studies

ID T First Outc- F/U Time? | Definition of Outcome Surgical Procedures and Treatments
author ome (months)
SURGERY BASED ARTICLES
11- VTE 6 Hospitalizations for VTE recorded in the SwedisHatient Cytoreductive surgery and hyperthermi
Dranichnikov Register. Diagnosis without details on positive or negative intraperitoneal chemotherapy
radiological examinations.
46 - Rink VTE 1 VTE defined as clinically apparent or diagnostanfirmed DVT Radical cystectomy, bilateral pelvic
and/or PE. lymph node dissection
4971 Norris VTE 24 Objectively confirmed VTE by documented objective testing su¢ Gynecologic cancer surgery (open or
as C/U, venography, or CT and CTPA in the case af PE laparoscopic)
incidental/ asymptomatic events (ie. Routine CT) included wher
event required treatment
507 Oto PE 0.070.23 Preoperative V/Q scan was performed to rule ouepisting PE. | Removal ofintracranial tumor
All patients underwent a second V/Q scan @ays possurgery. If
the scan was Rpositive, a confirming CT was performed. Event
required a positive V/Q scan a@d. C/U of the legs was performg
in PE patients to check for DVT.
807 Li VTE 0.330.43 Symptomatic or occult VTE diagnosed by one of the methods: | Lumpectomy, Mastectomy, Modified
CDUS, CT, angiography, or MRI. Occult VTE defined as VTE | typical radical mastectomy, combined
detected by imaging performed for other reasons than VTE
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suspicion (ie. assessment of response to treatment, complicatid

cancer restaging). Events obtained through medical record revig

implant reconstruction, mastectomy an

autologous tissue breast reconstruction

144- Liang VTE Unclear Diagnosis made by intravenous ultrasound by radiologist. Hospitalization admission
14971 Zhou VTE 1 Diagnosis based on clinical signs and DVT confirmed by CDUS Cytoreduction surgery
PE diagnosed by spiral CT.
28971 Cui DVT 12 C/U performed prior to surgery;,13-, 6-, and 12months post Complete surgical resection of breast
surgery. If patients showed clinical signs of DVT, additional C/U cancer
was performed.
290- Matsuo | VTE 32.236.5 Only collected symptorbased VTE. VTE diagnosed based on | Hysterectomy
radiographic imaging including CT, CTPA, V/Q scan, or DUS.
368- Wang VTE DUS was performed on all patients paad postsurgery to assess| Open thoracotomy or videassisted
Unclear for DVT. If patient had PE symptoms (chest pain, hemoptysis o| thoracoscopic surgery
unexpl ained hypoxemia and dy
postsurgery, then CTPA was performed to determine if there is
399- Unruh VTE 3.9 Unspecified Subtotal resection, gross total resectior
biopsy
446- Saadeh | VTE 12 Symptomatic VTE possurgery was objectively confirmed by Surgery forremoval of gynecological
CTPA or venous DUS. tumor
653- Wu VTE Unclear DVT diagnosed by type B ultrasonic examination and PE diagn| Ovarian tumor surgery
by chest radiograph.
702- VTE discharge +| If patients had symptoms of VTE before or on admission, they \| Hospitalization admission
Rojnuckarin 15 excluded. After admission, they were monitored for VTE
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symptoms. All patients were contacted by phone or interviewed
VTE symptoms and if there were VTE suspicions, patients were
asked to come in for investigation. Symptomatic DVT diagnose
DUS and PE diagnosed by CTA or V/Q scan.

787- DVT 0.033 U/S performed praurgery and 24ours after surgery in all Endoscopic submucosal dissection
Kusunoki patients. DVT diagnosed by U/S (computed sonography or colg
flow Doppler scan).
896- Stender | DVT 12 C/U was performed prsurgery, iweek, tmonth and dyear after | Intended curative surgery
surgery. At 3, 6- and 9months, the patients were clinically
examined for signs of DVT and if there was clinical signs of DV
additional C/U was performed to confirm diagnosis. Radiologica
records of neighboring hospi
diagnosed by general practitioner.
1108- Iversen | VTE Unclear Bilateral phlebography was performed.Z days after surgery to | Curative surgery in form of laparotomy
look for DVT.
1158i DVT Unclear Venography performed-9 days after surgery and criterion for D\l Neurosurgery for brain or spinal tumor
Sonaglia diagnosis was constant indieninal filling defect in two+ views or
after second injection of contrast.
S002- PE 1 PE based on positive postoperative CTPA in health records. Surgery for malignant disease in inpatig
Albertin operating rooms (laparoscopy and

laparotomy)
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S008- Von
Tempelhoff

DVT

0-38 (range)

Patients were screened for DVT presurgery3i 5-, 7-, and 10
days after surgery, before each chemotherapy cycle and every
months using IPG. If result of IPG, physical examination or pati
history was indicative of DVT, an ascending venogragihlyoth
legs was performed. In patients with clinical symptoms of PE,

scan was performed.

Chemotherapy, surgery

S017- Khan

VTE

VTE discovered due to symptoms (DVT, PE or pesaknic
mesenteric vein thrombosis) or incidental VTE found on imagin

(not specified).

Cytoreductive surgery and hyperthermi

intraperitoneal chemotherapy

S020-

Kodama

VTE

After operation, clinical signs (leg swelling, tenderness along
distribution of deep veins, acute cardiovascular dysfunction,
dypsnea, chest pain, and loss of consciousness) and elevation
plasma edimer levels (1aL5ug/mL, especially > 15ug/mL) were
montored. Patients with-dimer elevation or who showed clinical

signs were subject to CT.

hysterectomy and/or para

lymphadenectomy

S022- Lee

VTE

Cohort A: All patients were screenedl8 days after surgery with
duplex and color DUS. Cohort B: VTielated symptoms and sign
were checked during followps assessments. Both cohorts had
follow-up assessments at 4 weeks masgery. DUS or CTA were

performed when there were symptoms or signs of VTE.

Major open or laparoscopic abdominal

surgery

S037i Tham

VTE

0.66 (mean)

VTE defined as any DVT or PE confirmed by diagnostic imagin
with either DUS for DVT, or with spiral CT for PE. Only VTEs in

Surgery
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the immediate postoperative period (during inpatient stay) were

included.
S039-Yang | VTE 25.73 VTE diagnosis was confirmed with spiral CTPA, and CDUS. Complete or incomplete resection of lur
cancer
S048i Von DVT Unclear IPG was performed at time of diagnosis and before each of the| Chemotherapy, surgery
Tempelhoff courses of chemotherapy to assess for DVT and verified by cor
phlebography.
S049i Von DVT 26.5 All patients were evaluated for VTE by IPG before surgery31 | Major cancer surgery consisting of
Tempelhoff 5-, 7-, and 106days after surgery, before each cycle of chemothe| hysterectomy, bilateral salpingo
and every anonths of followup and in the posiperative period of oophorectomy, high resection of the
second look surgery. If result of IPG, physical exation or infundibulo-pelvic ligaments,
patients history was indicative of DVT, an ascending venograpl omentectomy, appendectomy, pelvic
was performed and a venography test was positive when there | lymphadenectomy
constant intraluminal filling defect in the deep veins. In patients
with clinical symptoms of PE, V/Q scan was penfied.
S050i Von VTE 43 All patients were evaluated for VTE by IPG before surgery31 | Gyn: midline abdominal incision and
Tempelhoff 5-, 7-, and 10days after surgery, before each cycle of chemothe| included initial peritoneal lavage for

or radiation therapy,-6 months after surgery and everg-8nonths
of follow-up. If IPG was abnormal or if patients hsigns and
symptoms of thrombosis, contrast phlebography or DUS was
performed. A phlebography test was positive when there was

constant intraluminal filling defect and duplex U/S was positive

cytological evaluation, hysterectomy,
bilateral salpingeoophorectomy, high

resection of the infundibulpelvic

ligaments, omentectomy, appendecton

and pelvic lymphadenectomy. &ast:
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when there was a lack of compressibility. In patients with clinicg
signs of PE or confirmed diagnosis of thrombosis, V/Q scan wa
performed and the test was positive for PE when the scan had
probability of PE.

either modified radical mastectomy or
lumpectomy (segmental mastectomy)
both with dissection of level | and Il

axillary lymph nodes

49431 Huang

VTE

15.8

Either deep venous thrombosis (DVT), pulmonary embolus (PE
cerebral venous sinus thrombosis (CVST) confirmed by imaging

occurring within 18 months after inclusion.

Total or subtotal tumor (glioblastoma)

resection

5515- Kaida

VTE

symptomatic and asymptomatic VTE during 30 days after surge
CT or U/S the lower limb was performed postoperatively when
symptoms of VTE such as respiratory distress, extremity edems
leg pain were observed, or the postoperative blood test showeg
level s of SF O@d.i6negg/O9Imi8 @rg/ ML
no symptoms of VTE.

Radical gastric cancer surgery includin
distal gastrectomy, total gastrectomy,

proximal gastrectomy

Al - Wang

VTE

133.2

Patients were evaluated for VTE was based on symptoms and/
clinical evaluation. No routine screening was involved. During tk
early half, the diagnosis of DVT was made by venography and
during the latter half, duplex U/S was used. Similarly, the diagn
of PE was based on arteriography or V/Q scan interpreted by a
radiologist suggestive of a high probability for PE, or if a filling

defect was present on contrasthanced CT.

Radical cystectomy with or without

neoadjuvant or adjuvant chemotherapy




S051- Boone | VTE 3 VTE defined as DVT, PE, and portal, superior mesenteric or sp| Surgical resection of pancreatic
vein thrombosis. No screening was performed to identify VTE. | adenocarcinoma with or without adjuva|
chemotherapy
S054- Shi DVT 1 Preoperative U/S conducted to exclude patients with a previoug Craniotomy
history of DVT. No screening for DVT after surgery; when patie
had symptoms or an increase irdibnerleveld 10 mg/ L
operation, U/S was performed to confirm symptomatic DVT.
S055- VTE 1 VTE within 30 days of the index operation. DVT was defined as Surgery for cancer with or without
Merkow new blood clot confirmed by duplex U/S, venogram or CT scan| chemotherapy or radiotherapy
was defined as a blood clot in the pulmonary artery confirmed b
V/Q scan, CT scan or pulmonary arteriogram.
S057- DVT min: 1 Proximal (involving the femoral, profunda femoral, or popliteal | Abdominal surgery for malignant
Sinnamon vein) or distal (involving venous structures below the knee) DV indication
were included. DVT was identified by duplex U/S of the bilatera|
lower extremities which was routinely performed postoperativel
(target: day 4 postperative).
ANY TREATMENT BASED ARTICLES
13- Rupa VTE 37 No routine screening for VTE. DUS and color imaging were use¢ Chemotherapy
Matysek diagnose DVT in symptomatic patients and CTA was performeq
detect PE.
437 Nazari VTE 11.77 Objectively confirmed VTE. Chemotherapy
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10971 Posch

VTE

8.22

Composite oBymptomatic and objectively confirmed DVT and/o
PE. All events were adjudicated by a panel. Incidental PE coun
as an event if it required anticoagulation. Fatal PE was defined
PE if it was the cause of death on autopsy record or PE was th¢

immediatecause of death.

Chemotherapy

11871 Lopez
Salazar

VTE

Unclear

DUS and CT images were reviewed for VTE.

Surgery, Chemotherapy

1391
Schorling

VTE

3.03

Screenings for VTE were not performed. DUS and/or CT were
carried out in case of clinical symptoms. Incidental, asymptoma
VTE counted as an event if it required anticoagulant treatment.
was defined as PE and DVT at any location including limb and

abdomen.

Chemotherapy

15771 Posch

VTE

24

Objectively confirmed symptomatic VTE, defined asomposite of
DVT and/or PE. Incidental VTEs were considered when they
warranted therapeutic anticoagulation. Screening for VTE was

performed.

Surgery, chemotherapy. radiotherapy

16371 Oto

VTE

24

Patients were screened for DVT by bilateral C/U and PE by CT
every three months, beginning at cancer diagnosis. Patients wh
underwent curatively intended surgery were examined

preoperatively and postoperatively.

Surgery, chemotherapy, neodjuvant

treatment, palliative gemcitabine

24171 Pabinger

VTE

5.92

Symptomatic, objectively confirmed VTE, defined as distal or

proximal DVT of the leg, upper extremity DVT, symptomatic

Surgery, chemotherapy, radiotherapy
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splanchnic DVT and/or PE. Incidental PEs counted as events if
required anticoagulation. Upper extremity DVT related to
indwelling venous catheters and incidental splanchnic vein

thrombosis were not considered as events.

24671 Gezelius

VTE

9.07

Unspecified.

Chemotherapy, Radiotherapy

24771 Fotiou

VTE

15.5

Symptomatic objectively confirmed VTE using either CDUS, CT|
MRI or scintigraphy. Symptomatic VTE included DVT, PE or bo
SVT located at distance of <3 cm from the saphenofemoral

junction, CVC thrombosis or upper limb vein thrombosis or vein
thrombosis brare localization (i.e., splanchnic vein or cerebral v

thrombosis). Incidental VTE were not included.

Anti-myeloma

25671 Syrigos

VTE

12

Symptomatic and objectively confirmed VTE, including DVT, PEH
or both, CVC thrombosis, upper limb vein thrombosis, or vein
thrombosis at a ralecalization (i.e., splanchnic vein or cerebral
vein thrombosis). Symptomatic VTE had to be documented usir
CDUS, CT, MRI or scintigraphy. The investigators took into
consideration the results of the imaging methods and the
administration of doses of aotiagulation. Patients with incidenta

VTE were not included.

Chemotherapy

27417 Munoz

Martin

VTE

18

DVT in the lower limbs diagnosed by U/S or ascending venogrg
PE diagnosed by VQ scan, pulmonary angiography, or spiral C

Intracranial venous thrombosis was diagnosed by MRI.

Chemotherapy
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2871 VTE 24 Symptomatic or fatal, objectively confirmed VTE. CTPA of the | Chemotherapy, Surgery, Radiotherapy
Mauracher chest or VQ scan or autopsy used to diagnose PE and C/U or
venography for DVT.
3257 VTE 11 Patients were regularly seen at scheduled visits; additional visit Prestudy surgery, chemotherapy
Guadagni were arranged at the occurrence of clinically suspected VTE. V
was defined as first symptomatic or asymptomatic VTE episodeg
during active treatment. DVT was confirmed by venography or
CDUS (in proximal DVT only). PE was diagnosed by spiral CT.
3361 VTE 3 DVT confirmed by doppler and PE confirmed by CT. Chemotherapy
Kitayama
36071 Riedl VTE 24 No routine screening for VTE. VTE confirmed by objective Chemotherapy, surgery, radiotherapy
imaging methods such as duplex U/S or venography for DVT o
CT or VQ scan for PE.
36471 Moeini | VTE 28.8 Written medical records and radiology reports including DUS, ¢ Unclear
pulmonary angiogram, and VQ scan were reviewed for the
diagnosis of VTE.
38571 Faille VTE 5.56 No systematic screening for VTE. Symptomatic VTE were Chemotherapy, surgery, radiotherapy
confirmed by either DUS, venography, or-8dan. Incidental VTE
were also considered.
3971 Park VTE 10.8 Symptomatic VTE diagnhosed using DUS and/or CT venography Chemotherapy

detect DVT, while chest CT and/or pulmonary artery CT
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angiography were employed to detect PE. Incidentally detected

VTE also counted as an event.

4521
Konigsbrugge

VTE

23.77

All VTE events, based on objective imaging evidence.

Unclear

460- Pépin

VTE

VTE were diagnosed by CT scan for PE or DUS for DVT. They
wereperformed in two circumstances: (i) when the patients had
symptoms (symptomatic); and (ii) when staging the cancer

(incidental/asymptomatic).

Chemotherapy, EPO treatment,
Radiotherapy, Angiogenesis inhibitor

4697 Posch

VTE

24

Symptomatic nonfatal and fatal VTE, but incidentally discoverec
VTE were also counted as an event if deemed to be of clinically

significant.

Chemotherapy, surgery, radiotherapy

4757 Tafur

VTE

10.4

VTE, including symptomatic or incidentally found DVT of lower
upper limbs, PE and visceral venous thrombosis. DVT, includin
visceral thrombosis, was positive if imaged on CT scan, MR,
venogram or duplex U/S. PE was defined as positive in the pres
of a high probability VQ scan, CT angiogram or a positive

pulmonary angiogram.

Chemotherapy

4777 Jianlong

VTE

Symptomatic or fatal VTE, confirmed by U/S, angiographic CT
V/Q scan.

Chemotherapy, surgery, radiotherapy

4937 Matsuo

VTE

31.3

VTE was searched in both medical records and radiology repor
DUS, CT, and lung scan.

Unclear
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5261 Ay VTE 24 Objectively confirmed symptomatic or fatal VTE (DVT, PE, and| Chemotherapy, Surgery, Radiotherapy

other venous sites).

5321 Kovacs | VTE 49.2 VTE confirmed by objective testing. thalidomideprednisone with observatior
alone as maintenance therapy following
initial treatment, high dose melphalan
and ASCT in patients with newly
diagnosed MM

552- Ferroni | VTE 8.5 First symptomatic or asymptomatic VTE, either DVT or PE. chemotherapy, some with concurrent
radiotherapy

5631 Thaler | VTE 9.93 No routine screening for VTE. Symptomatic VTE was confirme¢ chemotherapy, surgery, radiotherapy

DUS or venography for DVT and by CTPA for PE.

5891 Reitter | VTE 23.18 VTE objectively confirmed by DUS, phlebography, CT or VQ sg Unclear

622- VTE 6.77 VTE had to be confirmed by imaging and included symptomatig Unclear

Bharthuar incidentally discovered DVT, visceral vein thrombosis and PE.

63171 VTE 9 VTE confirmed by DUS for DVT and CT angiography in suspec| immunomodulatory agent, glucocortico

Bagratuni cases of PE. meds, proteasome inhibitor,
chemotherapy

6361 VTE 17.33 No routine screening for VTE. Symptomatic VE&nfirmed by Chemotherapy, Surgery, Radiotherapy

Dickmann Duplex sonography or venography for DVT and CT or VQ scan

PE.
70871 VTE 24 No routine screening for VTE. Only symptomatic or fatal VTE w chemotherapy, radiotherapy, surgery
Ahlbrecht classified as events when confirmed by objective medical imag
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methods, such as duplex U/S or CT. Incidental VTE were class

as events when deemed to be clinically significant.

73671 Ferroni | VTE 9.2 DVT was confirmed by venography or CDUS (in proximal DVT | chemotherapy, antiangiogenic drugs,
only). PE was diagnosed by spiral CT. corticosteroids, hormonal therapy
7861 Almasi | VTE Unclear Unspecified. Thalidomidebased treatment,
cyclophophamide+Thalimomide+dexm
hasone
8031 Hoke VTE 7.3 DVT diagnosed by C/U. PE diagnosed by spiral CT with surgery, chemotherapy, radiotherapy
intravenous contrast.
8151 Kanz VTE 24 VTE diagnosed by U/S, CT or VQ lung scan.
83271 Poruk VTE Unclear VTE confirmed through imaging such as CT or doppler. eithersurgical resection and/or at least
one full course of
chemotherapy and/or radiation
8581 Simanek| VTE 14.56 No routine screening for VTE. Symptomatic or fatal VTE were | chemotherapy, surgery, radiotherapy,
recorded as an event. Imaging was performed in symptomatic
patients. VTE wasonfirmed by objective methods (ie. duplex U/
or phlebography for DVT and CT for PE.
8621 Mandala| VTE 35 Patients were not screened for asymptomatic VTE; only chemotherapy

symptomatic forms were checked. The medical charts/ radiolog
history of all patients was checked for U/S of the limbs, chest a
abdominal CT, and VQ scan. The criterion for a VTE by C/U wg
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non-compressibility of a proximal vein. In patients with PE
symptoms, VQ scanning was conducted. In inconclusive PE ca

spiral CT scan was required to confirm the PE.

882- VTE 16.27 No routine screening for VTE. Symptomatic or fatal VTE were | chemotherapy, surgery, radiotherapy,
Vormittag recorded as events. VTE was confirmed by objective methods i chemo+radio, chemo+surgery,
symptomatic patients including duplex U/S or phlebography for| surgery+radio, chemo+surgery+radio
DVT and CT, VQ scan, or angiography for PE. Fatal VTE event
were confimed by autopsy. Incidental VTE were accepted as e
if it was clinically significant and required continuous
anticoagulation.
892- Ay VTE 16.47 Occurrence of objectively confirmed symptomatic or fatal VTE. | Chemotherapy, Surgery, Radiotherapy
10217 Piektty | VTE 6 Any VTE or ATE (including SVT and thrombophlebitis on CVC)| Chemotherapy, surgery
Radiologic evidence including, Doppler U/S, CT scan,
arteriography, or phlebography was required to ascertain the
diagnosis of TE
10291 Streetly| DVT max 8.75 Unspecified. thalidomide, corticosteroids,
anthracycline, chemotherapy
20647 VTE 21.7 VTE including DVT, PE, jugular vein thrombosis, mesenteric v Ramucirumab+Chemotherapy
Tabernero thrombosis, subclavian vein thrombosis, SVT, thrombosis in de
vena cava embolism.
20731 Grilz VTE 24 Obijectively confirmed symptomatic or fatal DVT or PE. Chemotherapy, surgery and radiothera
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34371 Ferroni

VTE

6.9

DVT confirmed by venography or duplex C/U (in proximal DVT
only). PE confirmed by spiral CT.

chemotherapy, erythropoietin stimulatir
agents, prophylactic myeloid growth

factors, corticosteroids

38721 Cini

VTE

Symptomatic VTE confirmed with imaging.

all patients received four monthly cours
ofthal( at the initial
14 days, with subsequent increase
to200 mgud) combi i
dose dexamethmone (40 mg
every 28 days, with cyclesrepeated
through d 9to 12 and d 17 to 20 on the
firstand third month of terapy) as
induction therapy inpreparation for
subsequent double autologous stem

celltransplantatio

47081 Gardini

VTE

36

We considered both DVT and PE for VTE. Thrombosis caused

infusion devices was excluded.

chemotherapy, bevacizumab

4770-
Chalayer

VTE

PE, DVT including lower and upper limbs, distal or proximal, C

catheterrelated thrombosis.

targeted therapy and immunotherapy
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4823- Roy VTE 6 VTE defined as objectively confirmed symptomatic, or incidentg surgery, chemotherapy, radiotherapy
detected events including proximal DVT of the lower and upper
limbs, PE, splanchnic or cerebral vein thrombosis.
4964- Li VTE 6 No routine screening for VTE. Symptomatic or incidental VTE w chemotherapy, surgery, radiotherapy,
confirmed using objective imaging. Venous U/S or CT angiogra tyrosine kinase inhibitors
was performed to confirm the diagnosis of DVT and the diagnoj
of PE was confirmed using a CTPA or a VQ scan. Asymptomat
andincidental VTE events were included if they were determing
be clinically significant.
505971 VTE 6 Objectively confirmed symptomatic or asymptomatic proximal | Chemotherapy, surgery, radiotherapy
Khorana lower limb DVT, symptomatic or incidental PE, and death from
VTE.
5083i VTE 58 All VTE and/or PE (besides SVT cases) were classified as everl Chemotherapy, surgery, radiotherapy
Conteduca VTESs had to be clinically evident and confirmed by a diagnostic
test.
7047 Roselli | VTE 9.8 DVT was confirmed by venography or CDUS (in proximal DVT | Chemotherapy (6 neoadjuvant and 81
only). PE was established by spiral CT. adjuvant)
S003i Arpaia | VTE 6 Symptomatic or asymptomatic DVT and fatal or nonfatal Chemotherapy

symptomatic PE were considered the primary outcomes.
Symptomatic SVT was also recorded. In patients with clinically

suspected DVT or PE, routine imaging was done to confirm the
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diagnosis. Patients were screened via CUS of the leg at enrolm

after 3 and 6 months to check for asymptomatic DVT.

S0051 Ay

VTE

17

VTE, either symptomatic or fatal VTE, confirmed by duplex U/S
phlebography, and/or CT or autopsy.

Chemotherapy, surgery, radiotherapy

S006- Ay

VTE

13.64

No routine screening for VTE was performed. Patients with VTE
symptoms underwent imaging. DVT was confirmed via duplex |
or venography and PE was confirmed via CT or VQ scan. The
endpoint was either symptomatic or fatal VTE, confirmed by

previously mentned imaging or autopsy.

Chemotherapy, surgery, radiotherapy

S0081 Von
Tempelhoff

DVT

0-38 (range)

Patients were screened for DVT presurgéry3-, 5, 7-, and 10

days after surgery, before each chemotherapy cycle and every
months using IPG. If result of IPG, physical examination or pati
history was indicative of DVT, an ascending venography of both
legs was performed. In patiemgth clinical symptoms of PE, V/Q

scan was performed.

Chemotherapy, surgery (estimate for

surgery only also provided)

S009i

Connolly

VTE

2.47

No routine screening for VTE was performed. Symptomatic VTE
diagnosed by the treating physician by routine diagnostic testin
These events were recorded at rwle and miecycle visits

depending on the timing of the event.

Chemotherapy

S0147 Ferroni

VTE

9.2

First symptomatic or asymptomatic VTE (DVT or PE) during ac

treatment.

Chemotherapy, radiotherapy
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S015i VTE 21.3 Symptomatic or incidental DVT of the upper and lower limbs, P| Chemotherapy, surgery, radiotherapy
Fuentes and splanchnic vein thrombosis, diagnosed by DUS, CT, CTA,
and/or VQ scans.
S016i Rupa | VTE 14 No routine screening for VTE was performed. VTE defined as | Chemotherapy, surgery, radiotherapy
Matysek symptomatic PE and DVT appearing after the lung cancer diag
and confirmed by imaging tests (CTA for PE or CDUS to diagng
DVT).
S019- Kirwan | VTE 3 DVT or PE and occult DVT detected by duplex U/S. Bilateral fu| Chemotherapy
leg duplex U/S for DVT was performed 1 month after starting
chemotherapy in all patients and repeated if VTE symptoms
developed til 3 months after start of treatment.
S021i Kruger | VTE Unclear VTE retrieved retrospectively from individual medical patient Chemotherapy, radiotherapy
records.
S023i Li VTE 60 TE events were identified based on radiological evidence. Theg Chemotherapy, chemoradiation
events included DVT, PE and others such as PVT and splenic
thrombosis. The thrombosis locations were classified as PE, D
the upper and/or lower limbs, and other sites including thosis
in arteries and visceral veins.
S026i VTE 15.2 Symptomatic or incidental DVT of lower or upper limbs, PE and Chemotherapy, surgery, radiotherapy
Mansfield visceral venous thrombosis. VTE diagnosis was assigned base

predefined criteria: limb or visceral VTE confirmed by venogran
angiography, CT, MRI or C/U.
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S031i Posch

VTE

24

Symptomatic first notfatal or fatal VTE confirmed by leg vein
C/U, venography, VQ scan, CT or CTPA of the chest, and auto
records. No routine screening for VTE was performed, and
incidentally discovered VTEs were adjudicated as an event if

deemed to bef clinically significant.

Chemotherapy, surgery, radiotherapy

S036i1 Thaler

VTE

9.17-21.6

Symptoms indicative of VTE (DVT or PE), stroke, myocardial
infarction, or peripheral arterial thrombosis. Accidentally detecte
VTE counted as an event if it was of clinically significant and

requested anticoagulant treatment.

Chemotherapy, surgery, radiotherapy

S038i Wang

VTE

15.2

VTE diagnosed based on imaging including C/U, coneasanced
CT, and pulmonary angiogram. There was no systematic VTE

screening. PVT was not included.

Chemotherapy

S0421

Zwicker

VTE

Symptomatic proximal or distal lower extremity DVT, symptoma
PE or fatal PE diagnosed by autopsy, or asymptomatic proximag

DVT diagnosed by screening C/U.

Chemotherapy

S043i

Kuderer

VTE

VTE was based on clinical suspicion of a new event during clin
follow-up. Specific investigations to detect DVT and PE were
performed as indicated based on clinical symptoms or physical
of VTE as determined by the treating physician. If the patad
both a PE and lowesxtremity DVT, they were counted only once
and categorized as PE. Incidental VTEs found on routine stagir

imaging studies were included.

Chemotherapy
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S0461 Van Es| VTE 6 Obijectively confirmed symptomatic or incidental PE, distal or | Platinum based chemotherapy,
proximal leg DVT, or norcatheterrelated upper extremity DVT or gemcitabine, erythropoeitin stimulating
symptomatic CVC related DVT. Incidental events were includeq agents
Patients did not undergo screening for VTE.

S048i Von DVT Unclear IPG was performed at time of diagnosis and before each of the| Chemotherapy, surgery (estimate for

Tempelhoff courses of chemotherapy to assess for DVT and verified by cor surgery only also provided)
phlebography.

49431 Huang | VTE 15.8 Either DVT, PE, or cerebral venous sinus thrombosis confirmed Unclear
imaging.

4961- VTE 25 VTE diagnosed objectively based on imaging, including C/U, | Chemotherapy

Otasevic contrastenhanced thoracic CT, and MRI, as well as clinical
examination and laboratory evaluation.

S051- Boone | VTE 3 VTE defined as DVT, PE, and portal, superior mesenteric or sp| Surgical resection of pancreatic
vein thrombosis. No screening was performed to identify VTE. | adenocarcinoma with or without adjuva|

chemotherapy

S052- Chen | VTE Unclear Objectivediagnosis of VTE was required; either DVT diagnosed Chemotherapy, radiotherapy,

C/U or PE diagnosed via CTA. interventional therapy, targeted therapy

S053- Kuk VTE Unclear VTE was diagnosed based on clinical signs (i.e., extremity pain| Chemotherapy, surgery
swelling, and bruising) with confirmation by DUS. No routine
screening.

S056- Yu VTE Unclear Unspecified. Chemotherapy, surgery
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S058-

Sanfilippo combined ICDB9 codes withprescription for anticoagulation or an

VTE 6 VTE identified using a previously validated algorithm that Chemotherapy

inferior vena cava filter.

Abbreviations: CDUS=color doppler ultrasound, CT=computed tomography, CTA= computerized tomographic angiography, CTPA =
computed tomography pulmonary angiogram, C/U=compression ultrasonography, DVT=deep vein thrombosis, DUS= doppler
ultrasound, IPG=impedae plethysmography, MRI= magnetic resonance imaging, PE=pulmonary embolism, U/S=ultrasound,
VQ=ventilation/perfusion VTE=venous thromboembolism

¥ollow-up time based on median follewp or when no median was specified, intended study follow up period was used
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Supplemental Tabl&. Measures of association between VTE and biomarkers in perioperative or hospital setting

Biomarker ID& Cutpoint Method of Measurement Time of Effect measure Adjusted effect
Measurement | (95% ClI) measure (95% CI)
Albumin 149 34.65 g/L -- 3 days after OR: 1.39 (1.28L.52) | OR: 1.01 (0.931L.09)
surgery
S017 | Continuous - preoperative OR: 1.41 (0.181.96) | OR: 0.40 (0.161.00)
(g/dL)
S017 42 g/L -- preoperative OR: 2.75 (1.1%6.70) | OR: 2.99 (1.207.45)
S055 | <30g¢g/L -- preoperative -- OR: 1.75 (1.382.24)
Antithrombin | S049 | Continuous (%) | Amidolytic method preoperative RR:0.74 --
C-Reactive 46 L TIg/L* Particle enhanced preoperative OR: 1.54 (0.307.85) | --
Protein immunonephelometry on a Behring
nephelometer I
Cancer S051 | Continuous -- preoperative OR: 1.00(0.991.00) | --
Antigen 199 (unspecified)
Cancer S049 | Continuous -- Preoperative RR: 1.00 --
Antigen 125 (unspecified)
S002 | Continuous -- Preoperative -- OR: 1.36 (0.872.13)
(unspecified)
653 > 760 kU/L -- Preoperative OR: 4.67 (1.20 OR: 21.88 (1.41
17.96) 330.12)
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Creatinine S054 | Yes -- Preoperative OR: 0.35 (0.03.86) | --
D-dimer 11 Continuous - Day 2 after OR:1.12 (1.041.22) | OR: 1.12 (1.031.21)
(ug/mL) surgery
80 0.5t01.00 - Preoperative -- OR: 1.83(1.12.81)
ug/mL OR: 5.04(2.639.64)
> 1.00 ug/mL
149 > 4.71 ug/mL -- Preoperative OR:1.84 (1.18.87) | OR: 1.15 (0.93
1.09)
289 > 0.48 ug/mL Seconedgeneration latex immunoasséd Preoperative HR: 17.97 (5.64 HR: 2.90 (1.053.06)
kit 57.31)
653 >0.788 ug/mL | -- Preoperative OR: 3.49(1.06 OR: 9.83 (1.30
11.49) 74.5)
787 > 1.9 ug/mL Latex turbidimetric method Day after OR: 19.55 (2.0 --
surgery 184.87)
896 0.3ug/mL* Auto Dimer assay Preoperative HR: 3.91 (1.3911.0) | HR: 6.53 (1.587.0)
S022 0.5ug/mL* Immunoturbidimetry assay Preoperative -- OR: 4.44 (0.48
41.34)
S039 0.3ug/mL -- Preoperative -- HR: 7.52 (3.97
14.25)
S049 | Continuous Enzymelinked immunosorbent assay Preoperative RR: 1.00 --
(ng/mL)
S054 | >5ug/mL -- Preoperative OR: 3.16(1.905.25) | OR: 2.21 (1.283.82)

194




Erythrocyte 11 4.30 x 16%7L -- At admission OR: 0.36 (0.140.94) | OR: 0.39 (0.151.05)
Count
Fibrinogen S049 | Continuous Method of Clauss Preoperative RR: 1.00 --
(mg/dL)
Hemoglobin | 653 > 104 g/L -- Preoperative OR: 3.57 (0.45 --
28.34)
S022 | <100 g/L -- Preoperative OR: 2.23 (0.47 OR: 4.10 (2.765.11)
10.60)

S051 | <100g/L -- Preoperative OR: 0.87 (0.32.33) | --

S057 | OR (per10g/L) | -- Preoperative -- OR: 1.27 (1.03L.56)
Homocysteine | 80 Unspecified - Preoperative -- OR: 4.10 (2.76.11)
Low-density | S054 | >3.36 mmolL -- Preoperative OR:1.13 (0.671.90) | --
lipoprotein
Lymphocyte | SO51 | Continuous -- Preoperative OR: 0.58 (0.420.80)
Count (unspecified)
Mean Platelet | 289 >9.0fL Autoanalyzer Preoperative HR: 5.19 (1.17 HR: 9.45 (1.23
Volume 23.01) 72.44)
miR-130b3p | 50G Continuous (1sd) -- Preoperative -- Standardized OR:

1.08

miR-140-3p 50G Continuous (1sd] -- Preoperative -- Standardized OR:

0.77
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miR-22-5p 50G Continuous (1sd] -- Preoperative -- Standardized OR:
0.99
miR-222-3p 50G Continuous (1sd] -- Preoperative -- Standardized OR:
0.88
miR-363-3p 50G Continuous (1sd) -- Preoperative -- Standardized OR:
0.85
miR-451a 50G Continuous (1sd] -- Preoperative -- Standardized OR:
0.94
miR-885-5p 50G Continuous (1sd) -- Preoperative -- Standardized OR:
0.99
miR-93-3p 50G Continuous (1sd) -- Preoperative -- Standardized OR:
0.91
Monocyte 702 >0.484 x 16/L ADVIA120 automatechematology At admission OR: 5.27 (1.9514.3) | OR: 5.0 (1.6215.5)
Count analyzer
702 >0.8 x 10/L ADVIA120 automated hematology | At admission OR: 2.86 (1.28.38) | --
analyzer
Neutrophil 702 X& x 10°/L ADVIA120 automated hematology | At admission OR: 1.97 (0.894.37) | --
Count analyzer
Neutrophil S051 | >3 - Preoperative OR: 1.83 (1.083.19) | --
Lymphocyte
Ratio
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Plasma S050C | Continuous Capillary tube viscosimeter Preoperative RR: 4448 (9.8 --
viscosity (mPas) 2010000)
S0500 | Continuous Capillary tube viscosimeter Preoperative RR: 6.7 (1.391134) | --
(mPas)
Plasminogen | S049 | Continuous -- Preoperative RR: 0.98 --
activator (U/mL)
inhibitor
activity
Platelet Count | 149 <198 x16/L -- Preoperative OR:1.33(0.911.94) | --
653 >261 x10/L - Preoperative OR: 4.22 (1.12 --
15.89)
702 o L x10’/L ADVIA120 automated hematology | At admission OR: 1.55(0.68.5) | --
analyzer
S002 | continuous -- Preoperative OR:1.22 (1.041.43) | OR: 1.01 (2.002
(unspecified) per 1.01)
50 increase
S022 | >400x 10°/L - Preoperative OR: 2.62 (0.32 OR: 7.43 (0.43
21.86) 128.12)
S055 | >400x 10°/L - Preoperative OR: 1.96 (1.572.45) | OR: 1.64 (1.3.07)

(compared to 150
400x10%L as

reference)




Platelet S037 | > 320 x10°/L -- Preoperative OR: 96.0 (13.2 --
Lymphocyte 1134.5)

Ratio S051 | >260x10%L -- Preoperative OR: 2.03 (1.083.81) | OR: 3.56 (1.46.05)
Protein C S049 | Continuous (%) | Amidolytic method Preoperative RR: 0.09 -
Prothrombin | 653 >11.7 sec -- Preoperative OR: 5.67(1.48 OR: 7.63 (1.23
time 21.81) 47.12)
Red Blood S050 | Continuous Photometric rheoscop Preoperative RR: 1.08 (1.021.15)

Cell aggregate

low shear

Total S054 | >5.17 mmol/L -- Preoperative OR:1.18 (0.62.01) | --
cholesterol

Triglycerides | S054 | >1.7mmol/L -- Preoperative OR:1.03 (0.591..81) | --
Tumor marker | S049 | Continuous - Preoperative RR: 0.74 -
CA153 (unspecified)

Tumor marker | S049 | Continuous - Preoperative RR: 1.005 -
CA724 (unspecified)

Tumor marker | S049 | Continuous - Preoperative RR: 0.99 -
CEA (unspecified)

Uric acid S054 | yes - Preoperative OR: 0.01 (0.00.02) | --
White Blood | 653 >5.4 x 10/LA - Preoperative | OR: 1.91 (0.5%6.43) | --
Count 702 11 x 16/L ADVIA120 automated hematology | At admission OR:1.97 (0.4.31) | --

analyzer
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S022 | >10x 10/L -- Preoperative OR: 6.47 (1.62 OR: 17.96 (2.45
25.88) 131.87)

Abbreviations: Cl=Confidence Interval, HR=Hazard Ratio, OR=0dds Ratio, RR=Relative Risk

* categorizatiorwas based on a pexisting cutoff and was not determined from the data of the study

& When stratified results are presented in the study, the first letter of the cancer group was given with the studyréhtiatgiffiee
groups (G=glioma, M=Meningioma, C=Cervical, O=Ovarian)

AValue in study was incorrectéi, not plausible, not consistent with raw data) and was corrected accordingly
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Supplemental Tabld. Measures of central tenden&petween incident VTE and no VTE in perioperative or hospitalized cancer

patients
Biomarker ID& Unit VTE No VTE p-value
Mean (+¢ Median (IQR) | Range | Mean (+£ Median (IQR) | Range
SD) SD)
46 sec -- 29.7 -- 29.1 -- 0.654
50G ratio -- 0.77 (0.69 -- 0.84 (0.770.93) | -- 0.0139
0.82)
50M ratio -- 0.95 (0.86 -- 0.94 (0.851.01)| -- 0.8262
1.03)
Activated Partial | 144 sec 28.96 (1.5) | -- -- 29.26 (0.46) | -- -- 0.901
Thromboplastin 149 sec 26.7 (6.2) -- (20.1- 28.9 (6.8) -- (16.3 0.154
time 43.6) 54.3)
S020 sec -- 31.2 (22.9 -- 29.6 (18.1- 0.342
37.6) 43.3)
5515 sec -- 29.3 (24.2 -- 27.9 (20- 0.93
31.5) 43.2)
S054 sec 22.78 (3.16) | -- -- 34.17 (3.62) | -- -- 0.002
Alanine 5515 IU/L -- 17 (10-28) | -- 17 5-68 0.85
Transaminase S054 IU/L 26.65 -- -- 24.19 -- -- 0.616
(27.53) (22.10)
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149 g/L 40.7 (4.3) - (33.8 42.1 (5.2) -- (24.9 0.179
Albumin 84) 646)
5515 g/L -- 36 (3041) | -- 39 (22-48) |0.33
S057 g/L -- 39 (3442) -- -- 41 (3%43) - 0.12
Aspartate 5515 IU/L -- 21 (16-30) | -- 20 (1090) |O0.7
Aminotransferase
46 mg/L -- 6 (1-35) -- -- 1.00 (1.0011) |-- 0.518
50G mg/L -- 0.06 (0.03 -- -- 0.07 (0.030.19) | -- 0.6419
0.24)
. | 50M mg/L -- 0.13 (0.06 -- -- 0.09(0.060.24) | -- 0.5331
C-Reactive Protein
0.29)
S020 mg/L -- 0.3 (0-8) -- 0.7 (0-110) |0.342
5515 mg/L 1.2 (0.3 -- (2-335) | 0.99
10.9)
Cancer Antigen 290 IU/L - 32.2 (80) - - 22.3 (47) -- 0.173
125 S002 unspecified 2750.4 -- -- 1424.1 -- -- 0.163
(4559.3) (2655)
Calprotectin 50G mg/L - 2051 -- 1368 -- -- 0.06
Creatinine 5515 Mg/dL -- 0.7 0.47 -- 0.79 (0.5% 0.6
0.94) 5.09)
D-dimer 50G mg/L -- 0.295 (0.128 | -- -- 0.193 (0.186 | -- 0.2895
0.725) 0.288)
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50M mg/L -- 0.183 (0.108 | -- -- 0.165(0.088 -- 0.6063
0.243) 0.206)
144 mg/L 2.31 (0.56) | -- - 0.71(0.07) | -- -- 0.002
149 mg/L 3.3(1.7) -- (0.2 2.7 (3.5) - (0.1- 0.021
5.79) 22.49)
289 mg/L 1.24 (1.77) | -- -- 0.48 (0.15) | -- -- <0.001
S020 mg/L -- 1.00 (0.54.9) | -- 0.7 (0.4 0.796
24.1)
368- day 1 mg/L 2.55 (2.8) - - 1.2 (1.3) -- -- 0.001
postop
368 mg/L 0.89(2.3) |- -- 0.42 (0.6) -- -- 0.05
7871 day 1 mg/L 1.88 (0.746) | -- -- 0.89 (0.105) | -- -- 0.0009
postop
5515 mg/L - 1.3 (0.22.9) | -- 0.6 (0.1:9.2) | 0.17
Eosinophil Count | 702- at x10P/L 0.192 - - 0.117 -- -- 0.138
hospitalization (0.254) (0.257)
admission
Estimated 50G mL/min per -- 86.5 (74.8 -- -- 99.8 (81.2 -- 0.2644
glomerular 1.73n% 107) 121.1)
filtration rate 50M mL/min per - 91.9(76.3 -- - 90.9 (78.297.8) | -- 0.8136
1.73n? 113.9)
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Endogenous 446 nM*min -- 3.21 (7.02) -- -- 2.70 (7.92) -- <0.05
thrombin potential
Fibrinogen 46 g/L -- 4.47 -- -- 4.25 -- 0.665
50G g/L -- 2.29 (1.97 -- -- 2.23 (1.862.88) | -- 0.7419
2.71)
50M g/L -- 2.57 (2.39 -- -- 2.57 (2.143.10) 0.6877
2.96)
144 g/L 3.5(0.35) -- -- 2.9 (0.07) - - 0.067
149 g/L 3.90 (1.10) | -- (2.56 3.60 (1.20) | -- (1.58 0.145
7.04) 8.15)
S008 g/L 5.38 (1.58) | -- -- 5.11 (2.26) | -- -- --
S048 g/L 3.93(1.41) |-- -- 3.78(2.09) | -- -- --
S054 g/LA 2.84 (0.95) | -- -- 2.61 (0.76) | -- -- --
Hematocrit S008 % 38.1(5.1) - -- 36.6 (5.3) -- -- --
S048 % 38.5(6.07) | -- -- 41.1(3.00) | -- -- 0.09
Hemoglobin 49 g/L -- 113 (105131) | -- -- 126 (113135) | -- 0.002
50G g/L -- 141 (125151) | -- -- 136 (127148) | -- 0.648
50M g/L -- 130 (118142) | -- -- 129 (1260139) | -- 0.7053
289 g/LA 131.6 (6.2) | -- -- 134.5 (12.5) | -- - 0.407
7027 at g/L 109 (198) -- -- 110 (22) -- -- 0.242

hospitalization

admission
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S008 g/L 132 (17) - - 123 (16) -- -- -
S020 g/L -- 118 (90-147) | -- 119 (89-149) | 0.637
5515 g/L - 124 (108 - 127 (73-168) | 0.37
135)
S057 g/L - 130 (114141) | -- - 121 (100139) | -- 0.064
International S054 -- 0.93 (0.05) | -- -- 0.94 (0.13) | -- - 0.847
normalized ratio
International 46 -- -- 1.07 -- -- 0.97 -- 0.344
normalized ratio
(quick)
Lagtime 446 sec -- 180.6 (88.2) | -- ~- 226.8 (96) -- >0.05
Lymphocyte Count| 49 x10°%/L -- 1.6 (1.32.1) |-- -- 1.8 (1.32.3) -- 0.266
7021 at x10°%/L 1.6 (0.91) -- -- 1.29 (0.93) | -- -- 0.397
hospitalization
admission
5515 x10°/L -- 1.33 (0.68 - 1.52 (0.27 0.49
2.14) 4.04)
S037 x10°/L 0.9 (0.51) - - 1.7 (0.72) -- -- 0.7689
Mean Corpuscular| 70271 at fL 83.8(9.68) | -- - 84.2(9.43) | -- -- 0.873

Volume

hospitalization

admission
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Mean Platelet 289 fL 8.00 ( 1.00) | -- -- 9.1 (1.50) -- -- 0.003
Volume
Monocyte Count | 7027 at x10°/L 0.759 -- -- 0.555 -- -- 0.013
hospitalization (0.312) (0.416)
admission
Myeloperoxidase | 50G ng/mL - 118.5 - 75.7 -- -- 0.028
Neutrophil Count | 49 x10°/L -- 4.5 (3.66.7) | -- -- 4.7 (3.56.3) -- 0.964
50G x10°%/L -- 6.52 (5.26 -- -- 5.6 (3.857.18) | -- 0.1345
7.63)
50M x10°%/L -- 3.64 (3.0% -- -- 3.66 (2.844.41)| -- 0.4203
5.95)
7027 at x10°%/L 10 (6.19) -- -- 8.79 (7.34) | -- - 0.237
hospitalization
admission
5515 x10°/L -- 3.18 (2.65 -- 3.01 (0.979 | 0.47
5.72) 18.42)
Nucleosomes 50G U -- 0.35 -- 0.22 -- -- 0.23
Peak Thrombin 446 nM -- 327.7 (73.1) | -- -- 288.8 (87.3) -- >0.05
plasma cell free | 50G ng/mL - 1180 - - 1146 -- 0.31
DNA
plasma viscosity | S008 Ns/n? 0.00147 - - 0.00138 -- -- 0.04
(0.001) (0.002)
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S048 Ns/n? 0.0014 -- -- 0.00133 -- -- --
(0.0011) (0.001)
Plasmin inhibitor | 144 ug/mL 1.33(0.26) | -- -- 0.59 (0.04) | -- -- 0.0001
plasmin complex
Platelet Count 49 x10°/L -- 287 (242361) | -- -- 279 (232244) | -- 0.794
50G x10°%/L -- 225 (206 -- -- 227 (179.5247) | -- 0.5366
252.5)
50M x10°%/L -- 263 (214.5 -- -- 208.5 (167.5 | -- 0.0029
306.8) 234.8)
149 x10°%/L 279.8 -- 103449 | 265.4 - 65935 | 0.496
(103.3) (116.7)
289 x10°%/L 256.3 (63.4) | -- -- 237.1 (51.6) | -- - 0.172
7021 at x10°/L 305 (123) -- -- 275 (176) -- -- 0.385
hospitalization
admission
S002 x10°/L 396.8 -- -- 3154 -- -- 0.004
(137.9) (133.4)
S008 x10°/L 331 (157) -- -- 350 (173) -- -- --
S020 Unspecified -- 25.1 15.1- -- 29 12.5 0.692
50.6 54.2
5515 x10°%/L -- 153 (22-211) | -- 167 (133 0.81
501)
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S037 x10°/L 265.4 - - 231.7 (70.7) | -- - 0.4252
(108.3)
S054 x10°/L 206.52 -- -- 210.68 -- -- 0.575
(52.73) (59.33)
S057 x10°/L -- 237 (186297) | -- -- 204 (126274) | -- 0.082
Platelet distribution 289 % 16.5 (2.1) - - 16.7 (1.5) -- -- 0.595
width
Platelet S037 ratio 130.11 -- -- 77.39 - - 0.0002
Lymphocyte Ratio
Prothrombin 1108 nmol/L Unclear whether mean(SD) ¢ -- Unclear whether mean(SD) or] -- --
fragment 1+2 median (IQR): 2.01 (1.72 median (IQR): 1.75 (11.62
2.36) 1.90)
Prothrombin time | 50G ratio -- 0.97 (0.92 -- -- 0.99 (0.931.09) 0.5271
1.10)
50M ratio -- 1.01 (0.99 -- -- 1.04(0.971.09) | -- 0.5968
1.06)
144 sec 11.68 (0.15) | -- -- 11.78 (0.12) | -- -- --
149 sec 10.9 (1.1) | -- 94136 [11.1(1.4) |- 816.7 | 0.589
S020 ratio -- 0.91 0.84 -- 0.91 0.791.1 | 0.57
1.02
5515 % -- 11.9 11.3100 | -- 12.2 10.2 0.67
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S054 % 125.38 -- -- 131.52 -- -- 0.063
(24.57) (31.64)
S054 sec 10.73 (0.58) | -- -- 10.77 (1.41) | -- -- 0.813
Red Blood Cell S008 -- 32.9 (7.4) -- -- 32.2 (6.8) - - --
Aggregation (low | S050B -- -- 32.8 (28.535) | -- -- 26.1 (23.232.1) | -- <0.05
shear)
RedBlood Cell S008 - 18.1 (6.1) - -- 16.8 (4.3) -- -- --
Aggregation S050B -- -- 17.8 (14.3 -- -- 15.9 (11.718.9) | -- <0.05
(stasis) 19.8)
Soluble Fibrin 1108 ug/L 7.77 (5.22 | -- -- 455 (3.55 |-- - --
11.56) 5.84)
Soluble Fibrin 1158 ug/mLP 9.3(2.6) -- -- 1.9 (0.5) -- -- 0.02
Polymers
Thrombin Time 46 sec -- 17.6 -- -- 17.6 -- 0.996
144 sec 17.21 (0.38) | -- -- 17.81 (0.09) | -- -- 0.133
149 sec 17.7 (1.7) |- 14.7- 17.7 (1.6) |- 12.4 0.981
19.9 25.2
S054 sec 18.94 (1.28) | -- -- 18.94 (1.43) | -- -- 0.992
Thrombin 144 ug/L 3.28 (0.78) | -- -- 1.71 (0.14) | -- - 0.004
antithrombin 1108 ug/L Unclear whether mean (SD) | -- Unclear whether mean (SD) o| -- --

complex

or median (IQR): 3.83 (3.07

4.78)

median (IQR): 3.72 (3.30.19)
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Thrombomodulin | 144 TU/mL 8.1 (0.45) -- -- 9.7 (0.76) -- -- 0.505
Tissue to Peak 446 min - 5.7 (1.9) - -- 6.57 (1.72) -- >0.05
tissue factor 399 mg/L - 0.0027 -- - 0.00072 -- --
microparticles (0.00117 (0.000085
activity 0.00312) 0.00107)
tissue plasminoger 144 ng/mL 0.0073 - - 0.00599 -- -- 0.416
activator (0.0013) (0.00024)
plasminogen
activator inhibitor
1 complex
Total Bilirubin 5515 mg/dL -- 0.4 0.78 -- 0.6 0.2-1.86 | 0.52
1.25
White blood count | 49 x10°/L -- 7.1(6.29.3) | -- -- 7.5 (6.09.2) -- 0.902
50G x10°%/L -- 10.9 (8.8 -- -- 9.3 (6.412) - 0.1283
12.7)
50M x10°%/L -- 6 (59.6) -- -- 6.1 (4.77.3) - 0.4851
289 x10°%/L 5.73(1.42) | -- -- 6.09 (1.78) | -- -- 0.443
70271 at x10°%/L 12.6 (6.64) | -- -- 10.8 (7.81) | -- -- 0.838
hospitalization
admission
S008 x10°%/L 7.8 (1.9) -- -- 7.9 (3.2) -- -- --
5515 x10°/L -- 4.6 3.87.7 |-- 5.3 2.2-22.2 | 0.78
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S037 x109L 8.6 (2.47) |- - 6.98 (2.21) | -- - 0.0659
S054 x109/L 6.94 (2.39) |- - 6.8 (2.53) | -- - 0.649
S057 x109L - 6.8 (5.58.6) |- - 6.3(4.49.2) |- 0.52

Abbreviations: IQR=interquartile range, SD=standard deviation, VTE=venous thromboembolism

& When stratified results are presented in the study, the first letter of the cancer group was given with the studyritiateiffiee

groups (G=glioma, M=Meningioma, B=Breast)

Measures were done preoperatively unless otherwise stated

Avalue in study was incorrect (ie. not plausible, not consistent with raw data) and was corrected accordingly
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Supplemental Tabl®. Measures of association between VTE and biomarkers

Biomarker ID& Cutpoint Method of Measurement Time of Effect measure Adjusted effect
Measurement (95% CI) measure (95%
Cl)
50% Lysis 157 Continuous per | -- at cancer SHR: 0.83 (0.57 --
doubling (min) diagnosis 1.22)
Acquired 3872 Acquired vs Method reported by Ronde and | at cancer OR: 0.62 (0.08 --
Activated Protein normal Bertina diagnosis 5.02)
C Resistance
Activated 360 Continuous per | -- at cancer HR: 0.97 (0.77 --
Glycoprotein decile (%) diagnosis 1.23)
lIb/1lla
Activated 360 Continuous per | -- at cancer HR: 0.79 (0.59 --
Glycoprotein decile (%) diagnosis 1.02)
lIb/llla activated
by glycoprotein
VI
Activated 360 Continuous per | -- at cancer HR: 0.76 (0.57 --
Glycoprotein decile (%) diagnosis 0.97)

lIb/llla activated
by Protease

activated-1

N
[N
(3




Activated 360 Continuous per | -- atcancer HR: 0.9 (0.731.13) | --
Glycoprotein decile (%) diagnosis
lIb/llla activated
by Protease
activated4
Activated Partial | S021 <0.96 - pre OR: 2.53 (0.75 --
Thromboplastin chemotherapy | 8.50)
time ratio
ADAMTS-13 460 Continuous (% FRETSVWF73 assay pre- OR:1.00 (0.90 --
activity activity) chemotherapy | 1.10)
ADAMTS-13 460 Continuous Immubind ADAMTS-13 enzyme | pre OR: 1.00 (0.90 --
antigen (ng/mL) linked immunoassay chemotherapy | 1.10)
Albumin 452 <44.2 g/L -- at cancer SHR: 2.05 (1.14 SHR: 2.17 (1.09
diagnosis 3.69) 4.32)
OR: 2.10 (1.15
3.84)
4961 reference limit | Enzymelinked immunoassay kits ¢ at cancer OR: 2.16 (1.05 --
machineautomatized complete diagnosis 4.46)
blood count
5083 <4 g/dL -- within one week | OR: 0.71 (0.28 --
of starting 1.79)
androgen
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receptor

signaling
inhibitors
Alkaline 5083 129 U/L -- within one week | OR: 0.35 (0.11 --
phosphatase of starting 1.11)
androgen
receptor
signaling
inhibitors
Amplitude 157 Continuous per | -- at cancer SHR: 1.16 (0.74 --
doubling diagnosis 1.73)
Antithrombin 247 87 %activity Commercially available assays at cancer OR: 2.33 (0.50 --
diagnosis 10.80)
256 Continuous (%) | -- at chemotherapy| OR: 0.82 (0.66 --
initiation 1.56)
Baseline optical | 157 Continuous per | -- at cancer SHR: 0.90(0.58 --
density doubling diagnosis 1.39)
Blood glucose S023 >200 mg/dL - at initial clinical | OR: 1.62 (1.05 --
evaluation of 2.50)
cancer
C-Reactive 397 Continuous -- pre- HR: 1.06 (0.95 --
Protein (mg/dL) chemotherapy | 1.05)

215




563 Continuous -- at cancer SHR: 1.11 (0.91 SHR: 1.08 (0.90
(mg/dL) diagnosis 1.35) 1.31)
815 >1.8 mg/dL Immunonephelometric assay at cancer HR: 1.20 (1.00 HR: 1.10 (1.00
diagnosis 3.80) 1.30)
4961 >2.0 mg/dL Enzymelinked immunoassalkits or | at cancer OR: 2.75(1.29 OR: 1.01 (1.00
machineautomatized complete diagnosis 5.84) 1.01)
blood count
Cancer Antigen | 385 35 IU/L -- at cancer HR: 7.20 (1.40 HR: 9.50 (1.50
199 diagnosis 37.90) 60.2)
397 Continuous - pre- HR: 0.88 (0.73 --
(U/mL) chemotherapy | 1.07)
S023 48-500 U/mL -- at cancer OR:0.77 (0.41 --
>500 U/mL diagnosis 1.41)
OR: 1.00 (0.60
1.80)
Cancer Antigen | 397 Continuous -- pre- HR: 1.10 (0.89 --
72-4 (U/mL) chemotherapy | 1.36)
CancerAntigen- | 364 35 IU/L -- at the time of OR:9.33 (4.84 HR: 3.81 (1.78
125 nonalcoholic 18.03) or 8.17)
fatty liver HR: 8.51 (4.53
diagnosis 16.00)
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493 >35 |U/L -- at cancer HR: 2.52 (1.33 HR:2.38 (1.11
diagnosis 4.76) 5.07)
Carbonic 5059 Continuous Myriad Human DiscoveryMAP, pre- -- PM: 0.03 ¢€0.03
anhydrase 9 version 3.3 chemotherapy 0.18)
Carcinoembryoniq 397 Continuous -- at cancer HR: 1.13 (0.95 --
antigen (ng/mL) diagnosis 1.36)
4964 5 ng/mL Using chemiluminescence at cancer -- SHR: 2.67 (1.60
diagnosis 4.46)
S052 5.2 ng/mL -- at cancer OR: 1.17 (0.64 --
diagnosis 2.15)
cell-free DNA 287 442.6 ng/mL QuantiT PicoGreen dsDNA Assay| at cancer OR:1.43(0.88 --
Kit diagnosis 2.31) or
SHR: 1.36 (0.86
2.14)
589 Continuous per | -- at cancer HR: 0.99 (0.90 --
doubling diagnosis 1.10)
(Unspecified)
Cholinesterase | 452 Continuous -- at cancer SHR: 1.01 (1.00 SHR: 1.00 (0.99
(kU/L) diagnosis 1.01) 1.01)
Chromogranin 5083 120 ng/mL -- within one week | OR: 0.45 (0.17 --
of starting 1.18)
androgen
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receptor

signaling
inhibitors
Citrullinated 287 88.3 ng/mL Using a tailormade capture at cancer OR: 2.01 (1.27 SHR (per 100
Histone H3 enzymelinked immunoassay diagnosis 3.16) or increase): 1.13
method SHR: 1.76 (1.14 (1.041.22)
2.72)
Clot lysis time 157 Continuous per | -- at cancer SHR: 0.77 (0.48 --
doubling (min) diagnosis 1.24)
Complete Blood | S023 >11 k/uL - at cancer OR: 1.54 (0.77 --
Count diagnosis 3.08)
D-Dimer 139 >2.1ug/mL particleenhanced pre- OR: 8.09 (1.43 --
immunoturbidimetric assay chemotherapy | 45.52)
INNOVANCE® D-DIMER on the
Behring coagulation system
analyser
247 2.1 ug/mL commercially available assays at cancer OR: 2.52 (0.82 --
diagnosis 7.69)
256 Continuous -- at chemotherapy| OR: 0.92 (0.63 --
(ug/mL) initiation 1.33)
385 2.16 ug/mL STA-LIAtest D-DI quantitative at cancer HR: 5.80 (1.30 HR: 4.90 (1.00
latex assay on a STR analyzer diagnosis 26.10) 23.1)
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397 Continuous -- pre- HR: 1.40 (1.07 HR: 1.32 (1.00
(x1QP/L) chemotherapy | 1.84) 1.75)
477 >1.484 ug/mL -- at cancer HR: 0.36 (0.14 RR: 0.53 (0.28
diagnosis 0.57) 0.78)
526 75" percentile | -- at cancer OR: 2.55 (1.69 --
diagnosis 3.84)
708 1.32 ug/mL -- at cancer -- HR: 2.20 (1.30
diagnosis 3.90)
803 >1 ug/mL STA-LIAtest D-DI quantitative at cancer -- --
latex assay diagnosis
3437 >1.50 ug/mL Automated latex enhanced pre OR: 1.91 (0.69 HR: 11.0 (2.62
turbidimetric immunoassay chemotherapy | 5.23) 46.2)
HR: 10.10(4.80
21.30)
4943 1.6 mg/L* -- 3 weeks posbp | SHR: 2.32 (1.28 SHR: 2.83 (1.36
4.20) 5.91)
4964 1.4 ug/mL Immunoturbidimetric method at cancer -- SHR: 7.50 (4.49
diagnosis 12.86)
704 >75" percentile | HemosILd-dimer HS500 pre- HR: 3.00 (1.70 HR: 2.70 (1.10
automated latex enhanced chemotherapy | 7.20) 6.80)

turbidimetric immunoassay was

217




performed using an AGIOP

automated coagulometer

S003 0.2620.650 Instrumentation Laboratory pre- OR: 1.00 (0.06 --
ug/mL Immunometric Rapid Test chemotherapy |17.22) HR: 4.04 (1.22
>0.650 ug/mL OR:10.04 (1.24 13.3)
83.46)
S031 | Continuous -- at cancer HR: 1.06 (1.04 HR: 1.06 (1.03
(ug/mL) diagnosis 1.09) 1.09)
336 1.5 ug/mL Lateximmunoassay Kkits pre- OR:1.51 (0.36 --
chemotherapy | 6.26)
S052 1.7 ug/mL STA-LIAtest D-Di assay at cancer OR: 12.61 (6.17 --
diagnosis 25.79)
Endogenous 247 1087 nM*min | TF 5 pMPPRReagent® using the | at cancer OR: 0.25 (0.07 --
thrombin potentia Calibrated Automated diagnosis 0.83)
ThrombogramThrombinosope ®
assay
256 Continuous Calibrated Automated at chemotherapy| OR: 1.00 (0.998 --
(nM/min) Thrombogram assay initiation 1.001)
Erythrocyte 4961 Continuous Enzymelinked immunoassay kits g at cancer OR:1.76 (0.78 --
sedimentation rat¢ (mm/h) machineautomatized complete diagnosis 4.02)

blood count
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Estimated 452 Continuous per | -- atcancer SHR: 1.03 (0.97 SHR: 1.03 (0.88
Glomerular 1.73n% (mL/min) diagnosis 1.08) 1.20)
filtration rate 631 Continuous per | -- pre- OR: 0.50 (0.15 --
1.73n% (mL/min) chemotherapy | 1.62)
Factor V 247 103 % activity | Commercially available assays at cancer OR: 0.15 (0.02 --
diagnosis 1.18)
256 Continuous (%) at chemotherapy| OR: 0.92 (0.54 --
initiation 1.43)
Factor VII activity | 247 56.8 ng/mL Commercially available assays at cancer OR: 0.34 (0.07 --
diagnosis 1.59)
256 Continuous STA R analyzer at chemotherapy| OR: 0.99(0.95 --
(U/mL) initiation 1.02)
Factor VIII 287 Continuous per | -- at cancer SHR: 1.23 (1.06 --
1 SD (%) diagnosis 1.42)
469 Continuous per | -- at cancer SHR: 1.39 (1.17 HR: 1.04 (1.01
100% increase (% diagnosis 1.65) 1.08)
activity)
475 >261 % STA® 1 Deficient VIII kit pre- HR: 3.16 (1.40 HR: 3.60 (1.60
chemotherapy | 7.00) 8.00)
3872 elevated (2.36 for| -- at cancer OR:1.38 (0.47 --
below 50 age and diagnosis 4.08)
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2.80 for over

equal 50)
Factor VIII 241 Continuous per | Coagulometry at cancer HR: 2.21 (1.53 SHR: 1.53 (1.26
activity doubling (% diagnosis 3.18) 1.87)
activity)
Fasting blood 325 >103 mg/dL - pre- OR: 4.21 (2.09 HR: 3.56 (1.51
glucose chemotherapy | 8.46) 8.39)
Fibrin monomer | 247 8.4 ug/mL Commercially available assays atcancer OR: 2.07 (0.61 --
diagnosis 6.95)
256 Continuous - at chemotherapy| OR: 0.93 (0.62 --
(ug/mL) initiation 12.45)
Fibrinogen 241 Continuous per | -- at cancer HR: 1.54 (0.99 SHR: 1.21 (1.00
doubling (mg/dL) diagnosis 2.39) 1.47)
397 Continuous -- pre- HR: 1.13 (0.34 --
(x10°/L) chemotherapy | 3.80)
Folate receptor | 5059 Continuous Myriad Human DiscoveryMAP, pre- -- PM: 0.03 €0.03
version 3.3 chemotherapy 0.20)
Gamma Globulin | 4770 27 g/L -- at cancer -- OR: 2.80(1.20
level diagnosis 6.80)
Granulocyte 5059 Continuous Myriad Human DiscoveryMAP, pre- -- PM:-0.03 €0.18
colony version 3.3 chemotherapy 0.03)

stimulating factor
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Growth 4823 >2290.9 pg/mL | Roche Elecsyassay on Cobas® | 1-month after OR:1.74 (0.85 OR: 1.65 (0.89
Differentiation e411 platform treatment 3.58) 3.08) or
Factor 15 initiation SHR: 1.60 (0.91
2.83)
Growth Hormone | 5059 Continuous Myriad Human DiscoveryMAP, pre- -- PM: 0.10 ¢0.02
(ng/mL) version 3.3 chemotherapy 0.59)
Hemoglobin 13 <100 g/L -- pre- OR: 2.08 (0.99 --
chemotherapy | 4.37)
241 Continuous per | Sysmex XE systems at cancer HR: 0.51 (0.22 SHR: 0.87 (0.72
doubling (g/dL) diagnosis 1.17) 1.03)
274 <100 g/L - at cancer OR: 1.00(0.33 --
diagnosis 3.06)
336 <100 g/L -- pre- OR: 1.35(0.26 -
chemotherapy | 6.97)
397 Continuous -- pre- HR: 0.96 (0.79 --
(g/dL) chemotherapy | 1.16)
631 <100 g/L -- pre- OR:2.71 (0.58 -
chemotherapy | 12.71)
862 Unclear (g/dL) -- pre- OR: 1.09 (0.79 --
chemotherapy | 1.50)
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4964 <115 g/L -- at cancer -- SHR: 2.20 (1.38
diagnosis 3.53)

5059 <100 g/L -- pre- OR: 0.59 (0.18 --
chemotherapy | 1.92)

5083 125 g/L -- within one week | OR: 1.18 (0.45 --
of starting 3.08)
androgen
receptor
signaling
inhibitors

S009 <100 g/L -- pre- -- HR: 2.31 (1.52
chemotherapy 3.51)

S014 | <100 g/L - pre- OR: 1.64 (0.53 HR: 1.54 (0.43
chemotherapy | 4.99) 5.50)

S016 <100 g/L -- pre- OR: 5.33(0.71- --
chemotherapy | 40.35)

S023 100 g/L ~- at cancer OR: 2.32 (0.96 OR:3.18 (1.14
diagnosis 5.65) 8.85)

S038 <100 g/L -- at cancer OR:1.31(0.36 --
diagnosis 4.82)

S043 <100 g/L - pre- OR: 1.16 (0.57 --
chemotherapy | 2.35)
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S046 <100 g/L -- pre- -- SHR: 0.76 (0.32
chemotherapy 1.80)
S051 <100 g/L -- pre- OR: 2.35(0.95 --
chemotherapy | 5.80)
S052 | <100 g/L -- at cancer OR: 2.17 (1.18 --
diagnosis 3.97)
S056 | <100 g/L -- pre- OR: 0.65 (0.22 OR: 0.29 (0.06
chemotherapy | 1.89) 1.43)
S058 <100 g/L -- pre- OR: 0.65 (0.22 --
chemotherapy | 1.89)
Heparanase 256 Continuous R&D Systems at chemotherapy| OR: 0.02 (0.001 --
(ng/mL) initiation 46.07)
Heparirbinding | 5059 Continuous Myriad Human DiscoveryMAP, pre- - PM: 0.03 ¢€0.03
EGFlike growth version 3.3 chemotherapy 0.20)
factor
High sensitivity | 4823 >14 pg/mL Roche Elecsys assay on Cobas® | at 1 month after | OR: 2.35 (1.07 OR: 2.26 (1.40
troponin T e411 platform treatment 5.17) 3.65) or
initiation SHR: 2.15 (1.37
3.35)
HOMA index 325 >2.6 - pre OR: 3.57 (1.5 HR: 4.13 (1.63
chemotherapy | 8.44) 10.5)
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HR: 3.17 (1.61
6.23)

Homocysteine 862 Unclear (%) Enzymatic assay pre- OR: 0.94 (0.85
chemotherapy | 1.04)

Human chorionic | 5059 Continuous Myriad Human DiscoveryMAP, pre- - PM: 0.03 ¢€0.03
gonadotropin Beta (miU/mL) version 3.3 chemotherapy 0.23)
Human epidermall 5059 Continuous Myriad Human DiscoveryMAP, pre- - PM: 0.04 ¢0.03
growth factor (ng/mL) version 3.3 chemotherapy 0.35)
receptor 2
Interferon 5059 Continuous Myriad Human DiscoveryMAP, pre- -- PM: 0.10 ¢0.02
inducible T-cell version 3.3 chemotherapy 0.72)
alpha
chemoattractant
Interleukin1 5059 Continuous Myriad Human DiscoveryMAP, pre- -- PM: 0.03 ¢€0.03
receptor type 1 (pg/mL) version 3.3 chemotherapy 0.25)
Interleukin10 589 Continuous per | -- at cancer HR: 1.01 (0.83 --

doubling diagnosis 1.22)
Interleukeinll 589 Continuous per | -- at cancer HR: 0.90 (0.76 --

doubling diagnosis 1.06)
Interleukinl1b 589 Continuous per | -- at cancer HR: 0.98 (0.80 --

doubling diagnosis 1.20)
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Interleukin3 589 Continuous per | -- at cancer HR: 0.99 (0.84 --
doubling diagnosis 1.18)
Interleukin4 589 Continuous per | -- at cancer HR: 1.11 (0.86 --
doubling diagnosis 1.42)
Interleukin6 493 5-19.9 pg/mL Enzymelinked immunoassay at cancer HR: 9.66 (1.25 HR: 7.98 (0.99
20 pg/mL diagnosis 74.9) 64.0)
HR:12.1 (1.50 HR: 8.90 (1.04
95.5) 76.0)
589 Continuous per | -- at cancer HR: 1.08(0.98 --
doubling diagnosis 1.20)
Interleuking8 589 Continuous per | -- at cancer HR: 1.06 (0.94 --
doubling diagnosis 1.20)
Lactate 631 300 IU/L -- pre- OR:1.25 (0.26 --
Dehydrogenase chemotherapy | 6.01)
1021 elevated -- pre- RR: 4.60(0.60 --
chemotherapy | 37.90)
4961 reference limit | Enzymelinked immunoassay kits g at cancer OR: 2.37 (1.40 --
machineautomatized complete diagnosis 4.00)
blood count
5083 225 U/L -- within one week | OR:1.08 (0.39 SHR: 1.34 (0.84
of starting 2.98) 2.16)
androgen
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receptor

signaling
inhibitors
Lag time 256 Continuous (min)| -- at chemotherapy| OR: 0.60 (0.29 --
initiation 1.24)
157 Continuous per | -- at cancer SHR: 1.59 (1.04 SHR: 1.34 (0.84
doubling (sec) diagnosis 2.45) 2.16)
Mast/stem cell 5059 Continuous Myriad Human DiscoveryMAP, pre- - --
cell growth factor (ng/mL) version 3.3 chemotherapy
receptor
Maximum Clot 157 Continuous per | -- at cancer SHR: 1.10(0.7F --
formation rate doubling (optical diagnosis 1.58)
density/min)
Maximum Clot 157 Continuous per | -- at cancer SHR: 1.37 (0.93 --
lysis rate doubling (min) diagnosis 2.01)
Mean Platelet 241 Continuous per | Sysmex XE systems at cancer HR: 0.64 (0.15 SHR: 0.94(0.78
Volume doubling (fL) diagnosis 2.70) 1.14)
552 <7.3fL hematology analyzerCoulter pre- OR:255(1.11 HR: 2.32 (1.03
LH750 chemotherapy | 5.84) 5.23)
Mean rate index | 247 121 Nm/min TF 5 pM PPPReagent® on at cancer OR: 1.40 (0.36
of thrombin Calibrated Automated diagnosis 5.49)
generation Thrombogram
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Mean rate index | 256 Continuous Calibrated Automated at chemotherapy| OR: 1.02 (1.00

of thrombin Thrombogram assay initiation 1.03)

generation

MHC class | 5059 Continuous Myriad HumanDiscoveryMAP, pre- - PM: 0.03 ¢€0.03

chainrelated version 3.3 chemotherapy 0.23)

protein A

Microparticle S036P | Continuous Chromogenic endpoint assay at cancer HR:1.60 (1.00 HR: 1.50 (1.00

associated tissue (pg/mL or fmol Chromogenic kinetic assay diagnosis 2.50) 2.40)

factor activity Fxa/min)i per HR: 1.00 (0.90 HR: 1.00 (0.86
doubling 1.20) 1.10)

Microparticle S036B | Continuous Chromogenic endpoint assay at cancer HR: 0.90 (0.70 HR: 0.90 (0.70

associated tissue (pg/mL or fmol Chromogenic kinetic assay diagnosis 1.30) 1.30)

factor activity Fxa/min)i per HR: 1.10 (1.00 HR: 1.10 (0.90
doubling 1.30) 1.30)

Microparticle S036S | Continuous Chromogenic endpoint assay at cancer HR: 0.70(0.40 --

associated tissue (pg/mL or fmol diagnosis 1.20)

factor activity Fxa/min)i per
doubling

Microparticle S036C | Continuous Chromogenic endpoint assay at cancer HR: 0.90 (0.60 HR: 0.90 (0.60

associated tissue (pg/mL or fmol diagnosis 1.60) 1.60)

factor activity




Fxa/min)i per

doubling
Microvesicle 385 2.37 pg/mL chromogenic endpoint assay at cancer HR: 4.60 (1.20 HR: 10.5 (1.50
tissue factor measuring THlependent Xa diagnosis 17.20) 72.4)
activity generation
Monocyte 5059 Continuous Myriad Human DiscoveryMAP, pre- - PM:-0.12 ¢€0.71-
chemotactic (pg/mL) version 3.3 chemotherapy 0.02)
protein 4
Monocyteplatelet | 360 Continuous per | -- at cancer HR: 0.88 (0.69 --
aggregates decile (%) diagnosis 1.10)
Monocyteplatelet | 360 Continuous per | -- atcancer HR: 0.79 (0.59 --
aggregates by decile (%) diagnosis 1.00)
glycoprotein VI
Monocyteplatelet | 360 Continuous per | -- at cancer HR: 0.78 (0.59 --
aggregates by decile (%) diagnosis 1.00)
Proteasectivated
-1
Monocyteplatelet | 360 Continuous per | -- at cancer HR: 0.85 (0.66 --
aggregates by decile (%) diagnosis 1.07)

Proteasectivated
-4
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Monocytes 118 0.6 x16/L and | -- at cancer OR: 1.91 (0.65 --
0.5 x 10/L diagnosis 5.64) and
OR: 3.01 (0.65
14.06)
Myoglobin 5059 Continuous Myriad Human DiscoveryMAP, pre- -- PM: 0.03 ¢0.03
version 3.3 chemotherapy 0.24)
N-terminal preB | 4823 >185.3 pg/mL Roche Elecsys assay on Cobas® | at 1 month after | OR: 1.29 (0.62 OR: 1.19 (0.69
type natriuretic e411 platform inclusion 2.68) 2.06) or
peptide SHR: 1.15 (0.68
1.94)
Neutrophil Count | 13 >1 x 10/L -- pre- OR: 0.95 (0.21 -
chemotherapy | 4.33)
118 6.5x 10/L and | -- at cancer OR: 2.21 (0.77 --
5.1 x 10/L diagnosis 6.44)
OR: 1.64 (0.55
4.83)
241 Continuous per | Sysmex XE systems at cancer HR: 1.28 (1.01 SHR:1.19 (1.04
doubling (x10/L) diagnosis 1.62) 1.40)
4964 7.5 x 10/L -- at cancer -- SHR: 2.33 (1.38
diagnosis 3.96)
2073 5.7 ratio Sysmex XE5000 haematology at cancer OR:1.19 (0.79 SHR: 1.20 (1.00
analyser diagnosis 1.78) or 1.40)
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Neutrophil
Lymphocyte
Ratio

SHR:1.20 (1.00
1.40)

4961 3 ratio Enzymelinked immunoassay kits g at cancer OR: 2.50 (1.48 OR: 1.04 (1.00
machineautomatized complete diagnosis 4.21) 1.09)
blood count

5083 3 ratio -- within one week | OR: 0.94 (0.38 --

of starting 2.35)
androgen

receptor

signaling

inhibitors

S014 >3 ratio Coulter LH750 hematology pre HR: 1.90 (1.10 --

analyzer chemotherapy | 3.30) or
OR:1.81 (1.03
3.17)
S015 >3 ratio - at cancer HR: 0.80 (0.30 --
diagnosis 2.50) or
OR: 0.81(0.25
2.57)
S051 >3 ratio - pre- OR: 1.25 (0.76 --
chemotherapy | 2.05)
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Nucleosomes 287 3 MoM Cell Death Detection ELISAPLUS| at cancer OR: 1.12 (0.69 --
diagnosis 1.84) or
SHR: 1.13 (0.70
1.80)
P-selectin 247 46 700 pg/mL | Enzymelinked immunoassay Kits | at cancer OR: 2.69 (0.71 --
from Cusabio diagnosis 10.30)
256 Continuous Enzymelinked immunoassay Kits | at chemotherapy| OR: 1.00 (1.00 --
(ng/mL) from Cusabio Biotech initiation 1.00)
P-selectin 360 Continuous per | DadeBehring and Human sP at cancer HR: 0.77 (0.59 --
activated by decile (%) selectin enzymédinked diagnosis 0.98)
glycoprotein VI immunoassay kit, Quantikine®,
R&D Systems
P-selectin 360 Continuous per | DadeBehring and Human sP at cancer HR: 0.73 (0.56 --
activated by decile (%) selectin enzymdinked diagnosis 0.92)
Proteasectivated iImmunoassay kit, Quantikine®,
receptorl R&D Systems
P-selectin 360 Continuous per | DadeBehring and Human sP at cancer HR: 0.89 (0.70 --
activated by decile (%) selectin enzymdinked diagnosis 1.12)
Proteasectivate iImmunoassay kit, Quantikine®,
receptor4 R&D Systems
Peak absorbance| 157 Continuous per | -- at cancer SHR: 1.15 (0.66 --
doubling diagnosis 2.01)
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Peak thrombin 247 253 nM TF 5 pM PPPReagent® on at cancer OR: 1.50 (0.49 --
Calibrated Automated diagnosis 4.61)
Thrombogram
256 Continuous (nM) | Calibrated Automated at chemotherapy| OR: 1.01 (1.00 --
Thrombogram assay (CAT; initiation 1.02)
Diagnostica Stago)
S005 611 nM Technothrombin TGA Kit, at cancer HR: 2.00 (1.36 --
Techonoclone diagnosis 3.20)
S005 Continuous (nM) | Technothrombin TGA Kit, at cancer HR: 1.15 (1.02 --
Techonoclone diagnosis 1.30)
241 Continuous per | Technothrombin TGA Kit, at cancer HR: 1.03 (0.87 SHR: 1.03 (0.86
doubling (nM of | Technoclone diagnosis 1.23) 1.25)
thrombin)
plasma tumor 5083 0.175 QuantiT high sensitivity PicoGreer within one week | OR: 7.25 (2.05 SHR: 5.78 (1.63
DNA fraction doublestranded DNA Assay Kit | of starting 25.60) 20.44)
(Invitrogen) or by androgen
spectrophotometric evaluation receptor
(NanoDrop ND1000, Celbio) signaling
inhibitors
plasmin alpha2 | 336 <1.8 ug/mL lateximmunoassay Kkits pre- OR: 7.10(0.40 --
plasmin inhibitor chemotherapy | 126.5)

1
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plasminogen 397 Continuous -- pre- HR: 1.20 (0.66 --
activator (x1QP/L) chemotherapy |2.17)
inhibitor-1
Platelet Count 13 >350 x 16/L - pre- OR: 1.15 (0.63 --
chemotherapy |2.12)
118 o L x1P/L -- at cancer OR: 0.69(0.24 --
diagnosis 2.01)
118 T L x1/L -- at cancer OR: 0.99 (0.33 --
diagnosis 2.92)
241 Continuous per | Sysmex XE systems at cancer HR: 1.37 (0.98 SHR: 1.22 (0.99
doubling (x10/L) diagnosis 1.93) 1.50)
274 >350 x 10/L -- at cancer OR:0.75 (0.39 --
diagnosis 1.43)
336 o L x1®°/L -- pre- OR: 0.30 (0.00 --
chemotherapy | 5.20)
364 T txl/L -- at the time of OR: 6.11 (3.28 HR: 2.30 (1.22
nonalcoholic 11.40) or 4.35)
fatty liver HR: 5.16 (2.94
disease diagnosi| 9.06)
397 Continuous - pre- HR: 1.00 (1.00 --
(x10°/L) chemotherapy | 1.01)
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493 T mxl’/L -- at cancer HR: 1.66 (1.26 HR: 1.42 (1.03
diagnosis 2.18) 1.96)

563 Continuous -- at cancer SHR: 0.69 (0.51 SHR: 0.73 (0.53

(x1QP/L) diagnosis 0.91) 0.95)

631 p o xl/L -- pre OR: 0.46 (0.12 --
chemotherapy | 1.82)

636 o L xilC’/L -- pre- -- HR: 1.70 (0.90
chemotherapy 3.10)

832 Continuous -- at cancer HR: 0.23 Natural log odds:
diagnosis 0.0003

858 Continuous per | -- at cancer HR: 1.28 (1.12 HR: 1.18 (1.01

50 (x10/L) diagnosis 1.46) 1.38)

858 >443 x 16/L -- at cancer HR: 5.07 (2.35 HR: 3.50 (1.52
diagnosis 11.00) 8.06)

858 >350 x 10/L - at cancer HR: 2.42 (1.22 HR: 1.63 (0.79
diagnosis 4.80) 3.37)

862 300x 1¢°/L -- pre- OR:1.60 (1.04 OR: 1.66 (1.04
chemotherapy | 2.52) 2.64)

4943 196x 1¢P/L -- 3 weeks after OR: 0.93 (0.45 SHR: 1.00 (0.99
surgery 1.92) or 1.00)

SHR: 1.00 (0.99
1.00)
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5059 >350 000/uL -- pre OR:1.15 (0.55 --
chemotherapy | 1.92)

S009 350x 10°/L - pre - HR: 1.83 (1.19
chemotherapy 2.83)

S014 >350 x 10/L Coulter LH750 hematology pre- OR: 0.29 (0.07 HR: 0.18 (0.03

analyzer chemotherapy | 1.25) 1.02)

S016 | >350 x 16/L -- pre- OR: 0.81 (0.28 --
chemotherapy | 2.29)

S023 >350 k/uL -- at cancer OR: 1.03 (0.59 --
diagnosis 1.82)

S026 350x 10°/L -- pre- HR: 2.30 (1.40 --
chemotherapy | 3.80)

S043 350x 1¢P/L -- pre- OR: 0.72 (0.47 --
chemotherapy | 1.09)

S046 350x 1C°/L -- pre- -- SHR: 1.40 (0.80
chemotherapy 2.40)

S051 | >443 x16/L -- pre- OR: 1.48 (0.38 --
chemotherapy | 5.69)

S052 350 x106/L -- at cancer OR: 3.29 (1.45 --
diagnosis 7.47)

S056 350 x10/L -- pre- OR: 1.63 (0.96 OR: 2.30 (1.09
chemotherapy | 2.75) 4.84)
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S058 350 x10/L -- pre- OR: 0.77(0.35 --
chemotherapy | 1.67)
Platelet Factor 4 | 832 >11 kU/mL Enzymelinked immmunoassay at cancer OR: 3.45 (1.35 Natural log odds:
(Asserchrom, Stago) diagnosis 8.86) or 0.132
RR: 2.70 or
HR: 1.77 or
HR (continuous):
1.08
Platelet 2073 >264 Sysmex XE5000 haematology at cancer OR: 0.92 (0.60 SHR: 1.00 (0.80
Lymphocyte analyser diagnosis 1.40) or 1.30)
Ratio SHR: 1.00 (0.80
1.30)
4961 10 Enzymelinked immmunoassakits | at cancer OR:2.24 (1.31 --
or machineautomatized complete | diagnosis 3.83)
blood count
S014 > 260 Coulter LH750 hematology pre OR: 1.72 (0.93 --
analyzer chemotherapy | 3.16) or
HR: 1.90 (1.00
3.40)
S015 > 260 -- at cancer OR: 0.66 (0.17 --
diagnosis 2.56) or
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HR: 0.80 (0.20
3.10)

S051 | >260 -- pre- OR: 0.97 (0.45 --
chemotherapy | 2.10)
Procoagulant 247 47 sec STA®ProcoagPPL at cancer OR:3.49 (1.13 --
phospholipid diagnosis 10.82)
dependent clotting 256 <44 sec STA ProcoagPPL (Diagnostica at chemotherapy| OR (continuous): | OR: 1.09 (1.03
time Stago) initiation 1.06 (1.011.14) 1.19)
Protein C 475 >118 % STA®T Staclot® Protein C kit pre- HR: 2.90 (1.30 HR: 2.39 (1.00
chemotherapy | 6.20) 5.40)
477 >75.2 % -- atcancer RR: 1.97 (1.30 RR: 1.11 (0.87
diagnosis 2.58) 1.34)
862 Unclear (% -- pre- OR: 1.00 (0.98 --
activity) chemotherapy | 1.02)
Protein S 862 Unclear (% Immunoturbidimetric assay pre- OR: 1.00 (0.98 --
activity) chemotherapy | 1.03)
Prothrombin 241 Continuous per | Enzymelinked immunoassay at cancer HR: 1.50 (1.19 SHR: 1.38 (1.15
fragment F1+2 doubling (Enzygnost F 1 2; DaeBehring) | diagnosis 1.88) 1.66)
(pmol/L)
469 Continuous -- at cancer SHR: 1.48 (1.23 --
(pmol/L) diagnosis 1.78)




Pulmonary and | 5059 Continuous Myriad Human DiscoveryMAP, pre- -- PM:-0.03 €0.25
activation (ng/mL) version 3.3 chemotherapy 0.03)
regulated
chemokine
Soluble Pselectin | 241 Continuous per | Soluble Pselectin Enzymdinked at cancer HR: 1.40 (1.02 SHR: 1.25 (1.04

doubling (ng/mL) | immmunoassay (R&D Systems) | diagnosis 1.93) 1.53)

360 Continuous per | DadeBehring and Human sP at cancer HR: 0.92 (0.72 --
decile (%) selectin enzymdinked diagnosis 1.15)
immunoassay kit, Quantikine®,
R&D Systems

Stromal ceH 5059 Continuous Myriad Human DiscoveryMAP, pre- - PM:-0.24(-0.93
derived factor 1 (pg/mL) version 3.3 chemotherapy 0.02)
Superoxide 5059 Continuous Myriad Human DiscoveryMAP, pre- - PM: 0.03 ¢€0.03
dismutase 1 version 3.3 chemotherapy 0.20)
soluble
Thrombin 385 6.7 ng/mL -- at cancer HR: 3.50 (0.80 HR: 4.40(0.70
antithrombin diagnosis 13.50) 29.0)
complex
Thrombin 336 2.1 ng/mL chemiluminescent enzyme Prechemotherap| OR: 5.33 (1.07 --
antithrombin 111 26.65)

complex
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Thrombomodulin | 247 42 % activity -- at cancer OR: 4.93 (0.97 --
activity diagnosis 25.00)
Thrombopoeitin | 858 Unclear (pgmL) | Enzymelinked immmunoassay kit | at cancer HR: 0.99 (0.72 --
(Quantikine; R&D Systems) diagnosis 1.35)
Thyroid 5059 Continuous Myriad Human DiscoveryMAP, pre- - PM:-0.18 €0.80
stimulating (ulu/mL) version 3.3 chemotherapy 0.02)
hormone
Time tomaximum| 157 >353 sec - at cancer OR:1.37 (0.81 SHR: 1.20 (0.79
clot formation rate diagnosis 2.32) or 1.81)
SHR: 1.44 (1.00
2.06)
Time to peak 157 Continuous per | -- at cancer SHR: 1.19 (0.73 --
absorbance doubling (sec) diagnosis 1.93)
Time topeak 256 Continuous (min) | Calibrated Automated at chemotherapy| OR: 0.52 (0.31 --
thrombin Thrombogram assay (Diagnostica| initiation 0.89)
concentration Stago)
Tissue factor 247 0.03 ng/mL -- Pretreatment OR: 0.49 (0.09 --
activity 2.50)
256 Continuous (pM) | homemade test at chemotherapy| OR: 0.99 (0.91 --
initiation 1.08)
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Tissue factor S042 | >3.5x 10/uL -- within 4 weeks | OR: 5.63 (0.80 --
bearing of first or second| 39.61)
microparticles line therapy
Tissue Factor 247 39ng/mL commercially available assays at cancer OR:7.75(1.51 --
pathway inhibitor diagnosis 39.7)
Total proteins 4961 reference limit | Enzymelinked immmunoassay kitg at cancer OR: 1.91 (1.08 --

or machineautomatized complete | diagnosis 3.39)

blood count
Tumor necrosis | 43 Continuous per | multiplex immunoassays, Multipley at cancer HR: 1.10 (0.70 --
factor alpha doubling (pg/mL) | BeadBased Kits diagnosis 1.73)
Vascular 43 Continuous per | multiplex immunoassay$/ultiplex | at cancer HR: 1.00 (0.64 --
endothelial doubling (pg/mL) | BeadBased Kits diagnosis 1.55)
growth factor
Vascular 469 >17.65 (pg/mL) | multiplex immunoassay (xMAP at cancer SHR: 1.18 (1.00 HR: 1.04 (1.00
endothelial technology from Luminex) diagnosis 1.39) 1.09)
growth factor A
Vascular 2064R 115 pg/mL dualmonoclonal sandwich before cycle 1 of| OR: 0.84 (0.43 -
endothelial immunoassays respective 1.66)

growth factor D

treatment in pts
with disease
progression

during or within
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6 months of last

dose of firstline

combination
therapy
Vascular 2064P 115 pg/mL duatmonoclonal sandwich before cycle 1 of| OR: 0.54(0.24 --
endothelial immunoassays respective 1.19)
growth factor D treatment in pts
with disease
progression
during or within
6 months of last
dose of firstline
combination
therapy
Velocity index of | 241 Continuous per | Technothrombin TGA kit at cancer HR: 1.04 (0.93 SHR: 1.07 (0.88
thrombin doubling () (Technoclone) diagnosis 1.17) 1.29)
generation
Von Willebrand | 460 >290 IU/mL Asserachrof® VWF:Ag: STAGO | Pre OR: 4.30 (1.60 -
factor chemotherapy | 11.70)
Von Willebrand | 477 >192 % - at cancer RR: 0.48 (0.26 RR: 0.92 (0.68
antigen diagnosis 0.70) 1.26)
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White blood count

13 >11 x 10/L -- pre- OR:1.81(1.01 -
chemotherapy | 3.26)
118 11x 10°/L -- at cancer OR:2.30 (0.74 --
7.5x 10°/L diagnosis 7.47) and
OR: 2.52 (0.82
7.77)
241 Continuous per | Sysmex XE systems at cancer HR: 1.07 (0.90 SHR: 1.07 (0.91
doubling (x10/L) diagnosis 1.29) 1.25)
274 >11 x 10/L -- at cancer OR: 1.21(0.64 --
diagnosis 2.29)
336 11x 1°/L -- pre- OR: 0.70 (614.00) | --
chemotherapy
397 Continuous -- pre- HR: 1.00 --
(x1Q/L) chemotherapy
452 Continuous -- at cancer SHR: 1.07 (1.04 SHR: 1.05 (1.00
(x10P/L) A diagnosis 1.14) 1.09)
563 Continuous - at cancer SHR: 2.01 (1.09 SHR: 1.85 (0.99
(x1Q%/L) diagnosis 3.64) 3.41)
636 >11 x10/L -- pre- -- HR: 1.70 (0.80
chemotherapy 3.40)
858 Continuous per | -- at cancer - HR: 1.15 (0.63
2-fold diagnosis 2.11)
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862 Continuous -- pre- OR: 0.87 (0.67 --
unspecified chemotherapy | 1.13)
5059 >11 x 10/L -- pre- OR: 0.83 (0.36 --
chemotherapy | 1.93)
S009 | >11x16/L - pre- OR: 2.58 (1.62 HR: 2.10 (1.30
chemotherapy |4.12) 3.40)
S014 >11 x 10/L Coulter LH750 hematology pre- OR: 0.74 (0.25 HR: 0.79 (0.23
analyzer chemotherapy | 2.21) 2.65)
S016 | >11x 10/L -- pre- OR: 0.86 (0.26 --
chemotherapy | 2.85)
S038 11x 10°/L -- at cancer HR: 5.69 -
diagnosis OR:4.28 (1.08
16.90)
S046 | >11x 10/L -- pre- -- SHR: 0.87(0.42
chemotherapy 1.80)
S051 | >11x10/L -- pre- OR: 0.94 (0.40 -
chemotherapy | 2.21)
S052 11x 1°/L -- at cancer OR: 1.70 (0.72 --
diagnosis 4.04)
S056 | >11 x 10/L - pre OR: 2.33 (1.14 OR: 1.74 (0.63
chemotherapy | 4.79) 4.85)
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S058 | >11x10/L -- pre- OR: 0.98 (0.45 --
chemotherapy |2.12)

Abbreviations: Cl=Confidence Interval, HR=Hazard Ratio, OR=0dds Ratio, PM=Posterior means, RR=Relative Risk

* categorization was based on a-gpasting cutoff and was not determined from the data of the study

& When stratified results are presented in the study, the first letter of the cancer group or treatment was given wjthDhe stud
differentiate the groups (B=Brain, P=Pancreatic, S=Stomach, C=Colorectal, R=ramucirtfinabstbiracil, P=placebo+5
fluororuracil)

AValue in study was incorrectéi, not plausible, not consistent with raw data) and was corrected accordingly
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Supplemental Tabl®&. Measures of central tendency between incident VTE and no \WT Eancer patients

Biomarker ID& Timing of Unit VTE No VTE p-value
measurement Mean (+/ | Median (IQR)| Range | Mean (+f Median Range
SD) SD) (IQR)
_ 157 at cancer Min -- 8 (6.411.4) -- -- 8.4 (6.6 -- 0.35
50% lysis . .
diagnosis 11.7)
Activatedpartial | S053 | pre sec 25.5 (0.8) - -- 29.71 (1.7) -- - -
thromboplastin chemotherapy
time
460 pre- % Activity 87 (19) -- -- 81 (19) -- -- 0.2
ADAMTS-13
. chemotherapy tc
activity
1-week after
460 pre- ng/mL 579 (108) -- - 562 (137) -- - 0.6
ADAMTS-13
. chemotherapy td
antigen
1-week after
) 786 at cancer g/dL -- 4.06 3.36 -- 3.89 (1.67 -- --
Albumin _ _
diagnosis 4.73 5.04)
' 157 at cancer optical -- 0.69 (0.51 -- -- 0.65 (0.49 -- 0.48
Amplitude _ _ _
diagnosis density 0.87) 0.82)
Baseline optical | 157 at cancer -- -- 0.26 (0.21 -- -- 0.27 (0.21 -- 0.74
density diagnosis 0.37) 0.37)
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Beta2 786 at cancer mg/L 3.68 1.19 -- 3.21 1.05 -
microglobulin diagnosis 38.20 16.40
786 at cancer mg/L 2.7 0-10.8 -- 3.3 0-71.7 -
diagnosis
C-Reactive Proteir
4961 at cancer mg/L 30.6 0.8 -- 9.9 0.1- | <0.0001
diagnosis 251.8 274.6
385 at cancer uU/mL 7789 (220 - -- 194 (56920) -- 0.3
CA 199 . .
diagnosis 22900)
364 at diagnosis of | IU/L 142 4-7192 -- 17 2-5421 | <0.0001
CA 125 fatty liver
disease
. 786 at cancer mmol/L 2.41 2.11- -- 2.39 1.97 --
Calcium _ _
diagnosis 3.43 3.59
. 163 at cancer ng/mL 1374 -- -- 427 -- 0.017
Calprotectin _ _
diagnosis
163 at cancer ng/mL 2048 -- -- 1688 -- 0.41
diagnosis
cell-free DNA
287 at cancer ng/mL 394.5 (322 -- -- 355.8 (302 -- --
diagnosis 461.5) 440.7)
Citrullinated 287 at cancer ng/mL 52.4 (11.8 - -- 24.1 (1.584) -- -
histone H3 diagnosis 153)
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Clot lysis time 157 at cancer min -- 11.1 (9.5 -- -- 11.7(9.7- -- 0.29
diagnosis 14.5) 15.6)
Creatinine 786 at cancer mg/dLA - 0.96 0.60 - 0.60 9.55 -
diagnosis 9.55 1.00
139 pre- ug/mL -- 2.8 (1.54.6) -- -- 1.15 (0.58 -- 0.031
chemotherapy 1.8)
385 at cancer ug/mL -- 2.19 (1.16 - -- 0.710(0.53 -- 0.04
diagnosis 3.26) 1.26)
460 pre- ug/mL 5.00 (6.60) - - 1.60 (2.20) -- -- -
chemotherapy ta
1-week after
532 pre- ug/mL Geometric -- -- Geometric -- -- 0.62
D-dimer chemotherapy mean: 0.23 mean: 0.20
(0.17) (0.19)
3437 pre- ug/mL -- 3.51 1.55 -- 1.06 0.64 | 0.0002
chemotherapy 5.96 1.64
704 pre- ug/mL -- 1.48 - -- 0.92 - 0.03
chemotherapy
S019 | pre ug/mL Geometric - - Geometric -- - 0.003
chemotherapy mean: 1.61 mean: 0.72
(1.66) (0.58)




S031 | at cancer ug/mL -- 1.08(0.59 - -- 0.67 (0.34 -- <0.001
diagnosis 2.34) 1.32)
S053 | pre ug/mL 3.13 (2.39) -- -- 0.96 (0.61) -- -- --
chemotherapy
_ S019 | pre ng/mL 31.5(18.8 - - 29.3 (26.7 -- -- 0.7
E-selectin
chemotherapy 52.7) 32.2)
246 at cancer nM*min -- 1336 (1164 -- -- 1222 (1056 -- 0.26
diagnosis 1471) 1403)
Endogenous i
246 at cancer nM*min -- 1123 -- -- 1271 (1118 -- 0.15
Thrombin . .
. diagnosis 1427)
Potential
S005 | at cancer nM -- 4475 (4087 -- -- 4386 (3804 - 0.197
diagnosis 4915) 4890)
Erythrocyte 4961 | at cancer mm/h -- 38 2-150 26 2-150 | 0.023
sedimentation rate diagnosis
Extracellular DNA| 385 at cancer ng/mL -- 22 (12.5 - 11.9 (4.2 -- -
diagnosis 34.2) 28.8)
Extracellular 246 at cancer pg/mL -- 0.14(0.03 - 0.18 (0.06 -- - 0.86
vesicle tissue diagnosis 0.62) 0.31)
factor 246 at cancer pg/mL -- 0.15 - 0.21 (0.08 -- -- 0.61
LMWH | diagnosis 0.32)
Factor VI 385 at cancer % -- 200 (154 -- 189 (140 - -
diagnosis 247) 225)
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532 pre- U Geometric -- - Geometric -- -- 0.69
chemotherapy mean: 1.71 mean: 1.38
(1.132.91) (1.27-1.49)
3872 | at cancer lU/mL -- 2.59 0.86 2.22 0.24 0.564
diagnosis 5.17 7.14
882 at cancer % - 211 (168 - -- 177 (135 -- <0.001
diagnosis 257) 223)
Fasting blood 325 pre- mg/dL 122 (53) -- 60-339 105 (36) - 51-415| 0.019
glucose chemotherapy
Fasting insulin 325 pre- ulu/mL - 17.2 (11.9 - -- 11.6 (8.7 - 0.016
chemotherapy 24.5) 18.6)
Fibrinogen 385 at cancer g/L -- 3.6 (3.34.2) -- 3.9 (3.54.6) --
diagnosis
4961 | atcancer g/LA -- 5.7 1.911.8 -- 5.3 1.00 0.351
diagnosis 13.2
S008 | pre g/L 5.51 (1.12) -- -- 4.62 (1.58) - -- --
chemotherapy
S019 | pre g/L Geometric -- -- Geometric -- -- 0.004
chemotherapy mean: 5.1 mean: 3.4
(2.87.5) (3.23.7)
S048 | pre g/L 5.89 (1.24) -- -- 4.62 (1.26) -- -- <0.05

chemotherapy




S053 | pre g/L 4.2 (0.65) -- -- 3.65 (1.14) -- -- --
chemotherapy
Free tissue factor | 385 at cancer ng/mL -- 17.2 (14.5 -- -- 16 (11.7 -
pathway inhibitor diagnosis 25.5) 23.5)
Growth 4823 1-month after | pg/mL -- 2352 (2726) -- -- 1909 (2066) 0.2031
Differentiation start of
Factor 15 treatment
Growth Hormone | 5059 pre- ng/mL - 1.6 0.1-16 -- 0.8 0.1-28 | 0.006
chemotherapy
Hematocrit S008 | pre % 33.8(4.2) - - 32.2(4.2) -- -
chemotherapy
Hemoglobin 385 at cancer g/L -- 132 (116.5 -- -- 131 (116 -- --
diagnosis 146) 143)
460 pre- g/L 128 (21) -- -- 129 (19) - -- --
chemotherapy tc
1-week after
786 at cancer g/L -- 105 77.5138 -- 110.7 65.4 --
diagnosis 152
862 pre- g/L -- 130 110160 -- 130 80-160 --
chemotherapy
4961 | at cancer g/L -- 117 87-141 -- 123 51-172 | 0.017
diagnosis
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S008 | pre g/L 114 (14) -- -- 110 (14) -- --
chemotherapy
S015 | at cancer g/L 106 (27) - - 112 (19) -- -- 0.408
diagnosis
S031 | atcancer g/L -- 131 (115 - -- 131 (118 -- 0.66
diagnosis 142) 141)
S051 | pre g/L 128.5 (19.5) -- -- 129.3 -- -- 0.694
chemotherapy (17.0)
S053 | pre g/L 111.99 -- -- 112.63 -- -- --
chemotherapy (11.92) (10.80)
Hemoglobin 1AC | S038 | at cancer % 6.2 (0.6) - 5.2-8 6.1 (0.8) -- 4.313 | 0.436
diagnosis
High sensitivity 4823 1-month after | pg/mL -- 8.54 (13.08) -- -- 6.12 (7.3) -- 0.0674
troponin T start of
treatment
Homocysteine 862 pre- % -- 11.2 5.820.9 -- 12.2 4.7- --
chemotherapy 75.0
Human chorionic | 5059 pre- miU/mL -- 2.2 2.2-279 -- 2.2 2.2.252| 0.045
gonadotropin Beta chemotherapy
Human epidermal | 5059 pre- ng/mL -- 0.5 0.21.10 -- 0.4 0.1-3.6 | 0.027
growth factor chemotherapy

receptor 2

251




Immature platelet | 139 pre- % -- 2.3(1.94.9) -- -- 2.8 (X) -- 0.815
function chemotherapy
Immunoglobulin | 786 at cancer g/L -- 0 0-6.2 -- 0 0-14.3 --
at urea diagnosis
Interleukinl 5059 pre- pg/mL -- 1940 285 -- 1630 175 0.027
receptor type 1 chemotherapy 3930 3470
Interleukin16 5059 pre- pg/mL -- 296 129 -- 334 135 0.043
chemotherapy 1120 2200
Interleukin6 385 at cancer pg/mL -- 11 (014.2) -- -- 3.1(0.27.6) -- --
diagnosis
493 at cancer pg/mL -- 14.4 -- -- 7.1 - 0.003
diagnosis
International S053 | pre -- 1.02 (0.02) - -- 1.02 (0.07) -- - -
normalized ratio chemotherapy
Lactate 786 at cancer ucat/L -- 3.7 1.93 -- 3.5 1.57 --
dehydrogenase diagnosis 8.15 30.89
Lag time S005 | at cancer min -- 8 (7-10) - -- 9 (7-11) - 0.036
diagnosis
Lymphocyte 118 at cancer x10P/L -- 1.4 0.42.8 -- 1.7 0.53.9| 0.401
Count diagnosis
S015 | at cancer -- -- 1.8 (1.25) - -- 1.5() - 0.057
diagnosis

252




S051 | pre x10°/L 1.94 (0.77) -- -- 2.12 (1.61) -- -- 0.308
chemotherapy

mast/stem cell 5059 pre- ng/mL -- 6.3 2.815 -- 7.4 2.6-15 0.04
growthfactor chemotherapy
receptor
Maximum Clot 157 at cancer optical - 0.31 (0.23 - -- 0.31(0.24 - 0.77
Formation Rate diagnosis density/min 0.41) 0.39)
Maximum Clot 157 at cancer min - 0.08 (0.05 - -- 0.07 (0.05 - 0.06
lysis rate diagnosis 0.10) 0.09)
Mean Platelet 139 pre- fL - 9.7 (9.211) - -- 10 - 0.633
Volume chemotherapy

552 pre- fL 8.2 (1.1) -- -- 8.6 (1.1) -- -- 0.0022

chemotherapy

Microparticle 622 at cancer pg/mL 3.07 (5.2) -- -- 1.4 (1.5 -- -- 0.01
associated tissue diagnosis
factor
Microparticle 385 at cancer g/L -- 2.23 (0.84 - -- 0.61 (0.44 - 0.03
tissue factor diagnosis 4.26) 1.48)
activity
Monoclonal 786 at cancer g/L -- 31 0-50.3 -- 38.1 0-101 0.43
immunoglobulin at diagnosis

serum
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Monocyte 5059 pre- pg/mL -- 145 33473 -- 183 33883 | 0.017
chemotactic chemotherapy
protein 4
Monocyte Count | 118 at cancer % -- 0.7 0.31.7 -- 0.5 0.31.2 | 0.042
diagnosis
myeloperoxidase | 163 at cancer ng/mL - 98 - -- 87 - 0.059
diagnosis
N-terminal preB- | 4823 1-month after | pg/mL - 175 (179) - -- 11.8 - 0.1013
type natriuretic start of (181.34)
peptide treatment
Neutrophil Count | 118 at cancer x10°/L -- 6.5 3.223.6 -- 51 1.8 0.036
diagnosis 27.4
163 at cancer x10°/L 6.6 (3.6) -- -- 6.1 (2.5) -- -- 0.65
diagnosis
S015 | at cancer -- -- 5.1(4.4) -- -- 4.2 (3.7) -- 0.239
diagnosis
S051 | pre x10°/L -- 5.0 (3.96.3) -- -- 4.6 (3.65.9) -- 0.942
chemotherapy
Neutrophil 4961 at cancer ratio -- 3.79 0.7- -- 2.7 0.2 0.001
Lymphocyte Ratio diagnosis 160.5 325
S051 | pre ratio -- 2.58 (1.74 -- -- 2.46 (1.67 -- 0.474
chemotherapy 3.68) 3.67)
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Nucleosomes 163 at cancer U -- 0.12 -- -- 0.096 -- 0.25
diagnosis
287 at cancer MoM -- 1.3(0.63.2) -- -- 1.2 (0.53.0) --
diagnosis
P-selectin 5059 pre- % -- 85 33-340 -- 73 36-197 | 0.129
chemotherapy
Peak Absorbance| 157 at cancer optical -- 1.03 (0.85 - -- 0.96 (0.8 -- 0.4
diagnosis density 1.17) 1.16)
Peak thrombin 246 at cancer nM -- 236 (176 -- -- 217 (176 -- 0.42
generation diagnosis 277) 261)
385 at cancer nM -- 218 (165 -- -- 213 (174 --
diagnosis 264) 244)
S005 | at cancer nM -- 556 (432 -- -- 499 (360 -- 0.014
diagnosis 677) 603)
Placenta growth | 5059 pre- pg/mL -- 32.5 32.5123 -- 32.5 32.582| 0.035
factor chemotherapy
Plasma viscosity | SO08 | pre mPas 1.36 (0.1) - - 1.35(0.1) -- - -
chemotherapy
S048 | pre mPas 1.37 (0.1) -- -- 1.35(0.13) -- -- --
chemotherapy
Platelet Count 118 at cancer x10°/L -- 407 107914 -- 378 31-792 | 0.779
diagnosis
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364 at diagnosis of | x10°/L -- -- -- -- -- -- --
fatty liver
disease

385 at cancer x10P/L -- 160 (145 - -- 232 (175 - -
diagnosis 262) 330)

460 pre- x10°/L 317(117) -- -- 296 (128) -- -- --
chemotherapy tc
1-week after

786 at cancer x10°/L -- 207 24.4281 -- 201 50-449 --
diagnosis

862 pre x10°%/L - 259.5 131-412 - 218 79-489 --
chemotherapy

4961 | at cancer x10°/L -- 283 103678 -- 248 29613 | 0.034
diagnosis

S008 | pre x10°/L 363 (107) -- -- 372 (100) -- --
chemotherapy

S015 | at cancer x10P/L -- 328 (220) - -- 264 (120) - 0.421
diagnosis

S031 | atcancer x10°/L -- 236 (193 -- -- 247 (196 -- 0.75
diagnosis 307) 310)

S051 | pre x10°/L 252.44 -- -- 253.26 -- -- 0.941
chemotherapy (91.98) (91.98)
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S053 | pre x10°/L 312.00 -- -- 288.92 -- -- --
chemotherapy (95.34) (109.45)
Platelet 4961 | at cancer ratio -- 14.5 483.3 -- 10.1 (0.3 0.001
Lymphocyte ratio diagnosis 193.3)
S051 | pre ratio -- 121(88-192) -- -- 123 (88184) -- 0.82
chemotherapy
Procoagulant 246 at cancer sec -- 36 (29.4 - -- 34 (28.4 -- 0.88
Phospholipids diagnosis 40.2) 40.2)
246 at cancer sec -- 37.1 - -- 33.6 (28 -- 0.19
LWMH | diagnosis 39.8)
Protaeinduced 736 pre- % 77.3(9.7) | 80.1(73.2 41.7- 77 (11.4) 79 (72.6 36.4 --
coagulation chemotherapy 83) 88.5 84.7) 934
inhibition
percentage
Protein C 862 pre- % activity -- 105.5 16-158 104 25176 --
chemotherapy
Protein S 862 pre- % activity -- 96 39118 -- 88 24-164 -
chemotherapy
Prothrombin 460 pre- pmol 439 (223) - - 425 (781) -- - -

Fragment F1+2

chemotherapy tc

1-week after




892 at cancer pmol/L -- 310 213416 -- 249 190 -
diagnosis 353
Prothrombin time | SO53 | pre sec 13.03 (1.63) - - 12.14 -- -- -
chemotherapy (2.71)
Pulmonary and 5059 pre- ng/mL -- 157.5 62-849 -- 197 51- 0.036
activation chemotherapy 1090
regulated
chemokine
Red blood cell S008 | pre low shear 31.8 (5.6) - - 33.5(7.6) -- -- -
aggregate low chemotherapy
shear
Red blood cell S008 | pre stasis 16.9 (3.7) - - 16.9 (4.3) -- - -
aggregate stasis chemotherapy
Soluble Pselectin | 139 pre- ng/mL -- 49 (34.8 -- -- 46 -- 0.68
chemotherapy 83.5)
385 at cancer ng/mL -- 33 (2#52) -- -- 28 (2336) -- --
diagnosis
460 pre- ng/mL 48 (23) -- -- 41 (26) -- -- --
chemotherapy tc
1-week after
S006 | at cancer ng/mL -- 45.9 (35.4 - 42.1 (32.9) - 0.025
diagnosis 62.8)
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Stromal cell 5059 pre- pg/mL -- 2550 162 -- 2890 1220 0.003
derived factor 1 chemotherapy 4340 5640
Thrombin 385 at cancer ng/mL -- 6.6 (4.58.3) - -- 3.5 (2.85.6) -- 0.02
antithrombin diagnosis
complex 532 pre- ug/mL 3.43 (G -- -- 2.18 (1.65 -- -- 0.05
chemotherapy 37.50) 2.89)
Thyroid 5059 pre- ulU/mL -- 0.9 0.026.4 -- 15 0.0215| 0.006
stimulating chemotherapy
hormone
Time to maximum| 157 at cancer sec - 308 (254 - -- 289 (237 - 0.06
clot formation diagnosis 377) 352)
Time to peak 157 at cancer sec -- 556 (476 -- -- 529 (467 -- 0.18
absorbance diagnosis 639) 603)
Time to peak 246 at cancer min -- 9.1 (7.411.2) -- -- 10 (8.411.9) -- 0.26
thrombin- diagnosis
Thrombin 246 at cancer min 9.7 9.8 (8.7 0.87
generation LMWH | diagnosis 11.2)
S005 | at cancer min -- 11.5 (9.514) -- -- 13 (1116) -- 0.006
diagnosis
Total tissue factor | 246 at cancer a.u. -- 5.1 (4.55.1) -- -- 4.8 (4.55.1) -- 0.03
diagnosis
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246- at cancer a.u -- 4.8 -- -- 4.8 (4.65.1) -- --
LMWH | diagnosis
Vascular S019 | pre ng/mL 820 (680 - - 636 (593 -- -- 0.04
endothelial chemotherapy 989) 682)
adhesion moleculg
I
Vascular 469 at cancer pg/mL 27.5(74.5)| 9.4 (1.825) | 0-512.3| 17(34.6) | 8.1(617.5) | 0-397.2| 0.03
endothelial cell diagnosis
growth factor A
Velocity index of | SO05 | at cancer nM/min -- 160(111- - - 127 (7:183) - 0.004
thrombin diagnosis 123)
generation
Von Willebrand 385 at cancer % -- 283 (167 - -- 223 (158 --
factor diagnosis 300) 396)
460 pre- IU/mL 326 (185) -- -- 242 (158) -- - 0.02
chemotherapy ta
1-week after
White Blood 118 at cancer x10°/L -- 8.9 4.527.3 -- 7.3 3.1 0.05
Count diagnosis 29.3
163 at cancer x10P/L 8.6 (3.2) -- -- 8.7 (2.5) -- -- 0.92
diagnosis
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385 at cancer x10P/L -- 7.2 (6.68.8) -- -- 7.2 (6.68.9) -- --
diagnosis

460 pre- x10°/L 8.4(3.1) -- -- 8.3(3.1) - -- --
chemotherapy ta
1-week after

862 pre- x10°/L -- 6 4-10 -- 6 3-16 --
chemotherapy

4961 | at cancer x10°/L -- 8.5 4.6-16.6 - 7.4 0.4 0.132
diagnosis 28.5

S008 | pre x10°/L 6.6 (1.6) -- -- 7.1 (1.6) -- -- --
chemotherapy

S009 | pre x10P/L 8 -- -- 9.6 -- -- --
chemotherapy

S031 | atcancer x10°/L -- 7.5 (6.210.5) -- -- 7.2 (5.69.6) -- 0.02
diagnosis

S051 | pre x10°/L 7.69 (3.1) -- -- 7.86 (4.1) - -- 0.838
chemotherapy

S053 | pre x10°/L 7.88 (3.1) -- -- 6.58(2.52) -- -- --
chemotherapy

Abbreviations: IQR=interquartile range, SD=standard deviation, VTE=venous thromboembolism

& When stratified results are presented in the study, the first letter of the cancer group was given with the studyrihtiateiffiee

groups (LMWH=lowmolecular weight heparin)
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Avalue in study was incorrect (ie. not plausible, not consistent with raw data) and was corrected accordingly
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Supplemental Tablg. ROB for each domain of included studies

| DFi r s|Study Study Prognostic Outcome Study Statistical | Overall
aut hor |Participation | Attrition | Factor Measurement| Confounding | Analysis

Measurement and

Reporting

11- low low low low
Dranichnikov
13- Rupa- low low low low low low low
Matysek
43- Nazari low unsure | low low low low low
46- Rink low unsure | low _ moderate | low moderate
49 - Norris low low moderate low moderate low low
50- Oto low unsure | moderate low
80- Li low unsure _ low low moderate | moderate
1097 Posch | low unsure | low low low moderate
1187 Lopez | low low low moderate low moderate
Salazar
139i low moderate| low low low moderate
Schorling
144- Liang low unsure | low moderate moderate low moderate
149- Zhou low unsure | moderate low moderate low moderate
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15771 Posch | low low low low low low low

1631 Oto low unsure | low low moderate low low

2417 low low low low low low low
Pabinger

2461 low unsure | low moderate

Gezelius

24771 Fotiou | low low low low low moderate | low

2561 Syrigos | low low low low moderate low low

2 7-Mu n-o|low unsure low moderate low moderate
Mar tin

287- low moderate| low low moderate low low
Mauracher

289- Cui low unsure | low low low moderate
290- Matsuo | low low low low moderate moderate | moderate
3257 low unsure | low low moderate | moderate
Guadagni

3361 low low low low moderate moderate | moderate
Kitayama

3607 Riedl |low unsure | low low _ low moderate
364- Moeini | low unsure | moderate low low low low
36-8Van g|low unsure | moderate low _ low moderate
38571 Faille | low unsure | low low low low low
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3971 Park low low moderate

399- Unruh | moderate unsure

446- Saadeh | low unsure moderate

4527 low unsure low moderate low moderate
Konigsbrugge

460- Pépin | low unsure | low low low low low

4697 Posch | low unsure | low low low low low

47571 Tafur | low low low low moderate low low

47TV low low low low low low low
Jianlong

4937 Matsuo | low unsure | low low low low low
5261 Ay low unsure | low low moderate low low

5321 Kovacs | low - low moderate moderate low -
5521 Ferroni | moderate low low low low moderate | low

5631 Thaler | low unsure | low low moderate low low

5891 Reitter | low unsure | low low low low low

622- low unsure | low moderate moderate low moderate
Bharthuar

63171 low unsure | low low moderate moderate | moderate
Bagratuni

6361 low low low low moderate low low
Dickmann
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653- Wu low unsure ! low low low low

702- low unsure | low low moderate low low
Rojnuckarin

704- Moeini | low low low low low low low

7081 low moderate| low low low low low
Ahlbrecht

73671 Ferroni | low unsure | low low low low low
78A I ma|low unsure | moderate moderate

787- low low low low moderate
Kusunoki

80371 Hoke | low low low low moderate moderate | moderate
8151 Kanz low unsure | low low low low low

8321 Poruk | moderate unsure | low low low low low

858i low unsure | low low low low low
Simanek

8 6-2 low unsure | low low low moderate
Mandal

882- low moderate| low low low low low
Vormittag

892- Ay low moderate| low low low low low

896- Stender | low moderate| low low moderate low low
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10217 low unsure | moderate moderate moderate | moderate
Piektty

10291 low unsure | low moderate low moderate
Streetly

1108- moderate unsure | low low moderate
Iversen

1158- moderate unsure | low low moderate

Sonaglia

206471 low moderate| low moderate low

Tabernero

20731 Grilz | low unsure | low low low low
34371 moderate low low low moderate moderate | moderat
Ferroni

38721 Cini low moderate moderate low

4708i low moderate| moderate low

Gardini

4770- Pépin | low moderate| moderate low

4823- Roy low low low low low low low
4943- Huang | low unsure _ low low

4961- low unsure | moderate moderate moderate moderate

Otasevic

4964- Li low unsure | moderate low moderate low moderat
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5059i low unsure | low low low low low
Khorana

5083i low unsure | moderate moderate low low moderate
Conteduca

5515- Kaida | low unsure | moderate low low low low
S002- low low low low low moderate | low
Albertin

S003i low moderate| low low moderate low low
Arpaia

S005i Ay low unsure | low low low low low
S006- Ay low low low low low low low
S008i Von | low unsure | low low low moderate
Tempelhoff

S009i low unsure | low moderate low moderate
Connolly

S014i low unsure | low low moderate | moderate
Ferroni

S0151 low low low low low low low
Fuentes

S016i Rupa | low unsure | low low low low low
Matysek

S017- Khan | low unsure low low moderate




S019- moderate low low low low moderate
Kirwan

S020 low unsure | low low moderate low low
Kodama

S021- low unsure | low moderate low moderate
Kruger

S022-Lee | low - low low moderate low moderate
S028i low unsure | low low low low low
S026 low unsure | low low moderate low low
Mansf i

S031i Posch| low unsure | low low moderate low low
S036i Thaler| low unsure | low low low low low
S037- Tham | low low low low moderate low low
S038- Wang | low low low low moderate low low
S039- Yang | low low moderate moderate moderate moderate

S042i low unsure | low low moderate | moderate
Zwicker

S043i low unsure | low low low low low
Kuderer

S0461 Van | low low low low low low low
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S048- Von unsure | low low low

Tempelhoff

S049- Von moderate unsure | low low moderate
Tempelhoff

S050- Von low moderate| low low moderate moderate | moderate
Tempelhoff

A li Wan g|low low low low moderate low low
S051- Boone | low low low low moderate low low
S052- Chen | low low low low moderate low low
S053- Kuk _I low low moderate low low moderate
S054- Shi low unsure | moderate low low low low
S055- low low low low low low low
Merkow

S056- Yu low low low low moderate | moderate
S057- low unsure | low moderate | moderate
Sinnamon

S058- low low low moderate low low
Sanfilippo
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Supplemental Tabl&. Sensitivity analysis of median/mean differences in biomarker levels between VTE and/m&occurring

within 1 year only (excluding studies with over 1 year of follap)

Biomarkers Nof Sampl VTE 12 % Median P-value
studie e size difference/
S Mean difference

AT CANCER DIAGNOSIS

Peak thrombin (nM) 2 168 21 0 13.06 ¢€27.0% 0.5229
53.14)

PRE-CHEMOTHERAPY

D-dimer (ug/mL} 4 471 54 0 1.75 (1.142.45) <0.0001

Hemoglobin (g/L) 2 586 107 0 -0.84(-4.903.23) 0.6875

Mean Platelet Volume (fL) 2 678 50 0 -0.39 €0.73- 0.0226*
0.05)

Platelet Count (x190L) 2 586 107 0 2.07 €18.12 0.8409
22.25)

Soluble PSelectif 2 233 26 0 6.67 €3.8317.16) 0.2131

White Blood Count (x19L) 2 586 107 0 0.10(-0.590.79) 0.7764

PREOPERATIVE

Activated Partial 4 926 116 39.2 -0.73¢2.340.89) 0.3800

Thromboplastin Time (sec)

271



Alanine transaminase (IU/L) 2 618 78 0 1.09 €4.666.84) 0.7105
Albumin (g/L) 3 614 47 0 -1.68 €3.380.02) 0.0530
C-Reactive Protein (mg/L) 4 490 66 0 0.01 ¢0.060.08) 0.7800
D-dimer (ug/mL) 5 768 92 15.8 0.08 ¢0.050.22) 0.2354

Quantitative latex 1 234 15 NA  0.76 €0.141.66) 0.0964
enhanced

immunoassay

Latex photometric 1 75 21 NA 0.30 €0.37-0.97) 0.3782

immunoassay

Not stated 3 459 56 0 0.03 €0.040.10) 0.3980
Fibrinogen (g/LY 3 825 124 0 0.14 ¢€0.030.31) 0.0989
Hemoglobin (g/L) 5 790 100 7.5 -1.06(-4.682.56) 0.5658
Neutrophil Count (x19L) 2 226 39 0 0.38 €0.551.30) 0.4221
Platelet Count (x1UL) 7 1547 195 57.6 20.94 (0.68 0.0428*

41.21)
Prothrombin time (ratio) 2 175 55 0 -0.01 €0.040.02) 0.4069
Prothrombin time (sec) 2 233 17 -0.20 €0.76:0.36) 0.4802
Prothrombin time (%) 2 618 78 -5.97 €12.2F 0.0635
0.34)

Thrombin time (sec) 2 725 90 0 0.00 €0.300.30) 1.0000
White Blood Count (x19L) 5 1207 152 0 0.04 ¢0.380.46) 0.8552

*Statistically significant §<0.05)
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aD-dimer levels for the included studies were measured via quantitativeelatt@xced immunoturbidimetric immunoassay-(uffit
for the assay: 0.5 ug/mL).

bSoluble Pselectin measured using humanssfectin Immunoassay from R&D Systems Inc.

°D-dimer levels measured viatex photometric immunoassay (aft for the assay: 1.0 ug/mL).

dMethod of measurement not stated.
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Supplemental Tabl®. Sensitivity analyses of the OR of dichotomous biomarketoffs with VTE occurring within 1 year in

cancer patients (excluding studies with over 1 year of foHap)

Biomarkers Cut-off | Include | Sampl | VT | 12, Pooled OR | P-value
d esize| E %
studies
PRE-CHEMOTHERAPY
Hemoglobin (g/L) 100 7 6089 453 335 1.01(0.6* 0.9761
1.52)
Platelet Count (x10L) 350 5 5463 354 O 0.75 (0.55 0.0811
1.04)
Platelet Lymphocyte Ratic 260 2 1236 141 22.1 1.36 (0.79 0.2742
2.35)
White Blood Count 11 7 10294 534 58.9 1.10(0.76 0.6860
(x10°L) 1.74)
PREOPERATIVE
Hemoglobin (g/L) 100 2 800 73 28.3 0.99(0.52 0.9816
1.89)
Platelet Count (x19UL) 400 2 45056 731 O 1.97 (1.58 <0.000
2.46) 1*

*Statistically significant §<0.05)
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Supplemental Tabld 0. Sensitivity analyses of median or mean differences in biomarker levels between VTE ardTien

patients when measured at cancer diagnosis,-phemotherapy or preoperatively (excluding studies that screened for VTE)

Biomarkers Nof Sample VTE 12 % Median difference/ P-value
studie  size Mean difference

S

AT CANCER DIAGNOSIS

D-dimer (ug/mL} 2 1726 154 60.4 0.75¢0.231.72) 0.1326

Factor VIII (% activity) 2 881 71 0 31.50 (11.55 0.0020*
51.45)

Fibrinogen (g/LYy 2 747 78 52.8  0.05¢0.640.73)  0.8983

Hemoglobin (g/L) 4 2544 236 51.1 -3.48¢8.691.73) 0.1900

Peak thrombin (nM) 3 1201 98 0 29.82 ¢1.71-61.34) 0.0638

Platelet Count (x19L) 4 2551 239 65.2 -0.82 (41.68 0.9687
40.04)

Soluble PSelectiri 2 728 53 0 4.02 (2.8510.89) 0.2513

Time to peak thrombin (min) 2 1160 89 0 -1.39 €2.27-0.51) 0.0020*

White Blood Count (x19L) 4 2551 239 279 0.51¢0.161.18) 0.1374

PRE-CHEMOTHERAPY

D-dimer (ug/mL} 4 404 48 0 2.30(1.193.41) <0.0001

*
Hemoglobin (g/L) 5 1034 161 0 -0.77 €3.702.17)  0.6095
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Mean Platelet Volume (fL) 2 678 50 0 -0.39 €0.73-0.05) 0.0226*
Platelet Count (x1UL) 5 1034 161 19.4 10.92¢9.6031.44) 0.2968
Soluble RSelectiri 2 233 26 0 6.67 €3.8317.16) 0.2131
White Blood Count (x19L) 4 923 120 0 0.07 €0.390.52) 0.7660
PREOPERATIVE
Activated Partial Thromboplastin 4 926 116 39.2 -0.73¢2.340.89) 0.3800
Time (sec)
Alanine transaminase (IU/L) 2 618 78 0 1.09 €4.66-6.84) 0.7105
Albumin (g/L) 2 359 22 0 -1.53 ¢3.600.54) 0.1475
C-Reactive Protein (mg/L) 3 390 32 0 -0.45 €2.831.94) 0.7134
D-dimer (ug/mL) 4 534 77 214 0.13¢0.160.42) 0.3751

Latex photometric 1 75 21 NA 0.30 €0.370.97)  0.3782
immunoassay

Not stated 3 459 56 269 0.16 €0.27-0.59)  0.4673
Fibrinogen (g/L3 2 725 90 0 0.24 (0.030.45)  0.0261*
Hemoglobin (g/L) 3 817 79 516 -7.05¢15.991.89) 0.1222
Lymphocyte Count (x10L) 3 1048 65 69.9 -0.43¢0.880.03) 0.0647
Neutrophil Count (x19L) 2 742 59 0 -0.15 ¢€0.91-0.61)  0.6922
Platelet Count (x10L) 6 1880 181 49.2 15.41¢9.07/39.90) 0.2173
Prothrombin time (sec) 2 233 17 0 -0.20 €0.760.36)  0.4802
Prothrombin time (%) 2 618 78 0 -5.97(-12.270.34) 0.0635
Thrombin time (sec) 2 725 90 0 0.00 €0.300.30) 1.0000
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White Blood Count (x19L) 4 1540 138 5.4 0.05 €0.450.55) 0.8548

*Statistically significant §<0.05)

aD-dimer levels for the included studies were measureduaatitative latexenhanced immunoturbidimetric immunoassay-(uffit

for the assay: 0.5 ug/mL).

bLevels were measured using the Clamsghod in one study whereas the method of measurement not stated in the other study
¢Soluble Pselectin measured using humansgfectin Immunoassay from R&D Systems Inc.

dD-dimer levels measured Viatex photometric immunoassay (@ff for the assay: 1.0 ug/mL).

eMethod of measurement not stated.



Supplemental Tabld 1. Sensitivity analyses of the odds ratios (OR) for dichotomous biomarkeotfatwith VTE in cancer

patients (excluding studies that screened for VTE)

Biomarkers Cut N of | Sampl| VT | I>, % | Pooled OR | P-value
off studie | esize| E

S

AT CANCER DIAGNOSIS

Hemoglobin (g/L) 100 4 1576 25 0 1.86 (1.21  0.0048
2 2.86) *

Neutrophil Lymphocyte 3 2 818 82 67.1 1.61(0.55 0.3904

Ratio 4.74)

Platelet Count (x19L) 350 5 1695 26 579 1.09(0.59 0.7797
8 2.00)

White Blood Count 11 4 1025 16 2.2 1.67 (1.06 0.0272

(x1®/L) 4 2.62) *

PRECHEMOTHERAPY

Hemoglobin (g/L) 100 10 7134 61 452 1.14(0.76 0.5168
8 1.71)

NeutrophilLymphocyte 3 2 1236 14 O 1.47 (.01 0.0421

Ratio 1 2.13) *
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Platelet Count (x19L) 350 8 6508 51 29.1 0.94(0.69 0.7190

9 1.29)
Platelet Lymphocyte 260 2 1236 14 221 1.36(0.79 0.2742
Ratio 1 2.35)
White Blood Count 11 9 10911 63 55.1 1.20(0.86 0.3799
(x1O/L) 5 1.78)

*Statistically significant §<0.05)



Supplemental Tabld2. Sensitivity analyses of the odds ratios (OR) of VTE and blood parameters from the Khorana sauwg-in

myeloma cancer patients

Biomarkers Cut- Nof | Samp | VT | I3 Pooled OR | P-value

off studie | le size| E %

AT CANCER DIAGNOSIS

Hemoglobin (g/L) 100 4 1576 25 0 1.86 (1.2t 0.0048
2 2.86) *

Platelet Count (x10L) 350 5 1695 26 57.9 1.09(0.59 0.7797
8 2.00)

White Blood Count 11 4 1025 16 2.2 1.67(1.06 0.0272

(x10°/L) 4 2.62) *

PRE-CHEMOTHERAPY

Hemoglobin (g/L) 100 8 4064 47 16.9 1.41(0.95 0.0884
8 2.10)

Platelet Count (x19UL) 350 7 3638 39 37.2 0.96(0.6# 0.8435
1 1.38)

White Blood Count 11 8 8041 50 595 1.22(0.78 0.3843

(x10°/IL) 7 1.91)

PREOPERATIVE

Hemoglobin (g/L) 100 2 800 73 28.3 0.99(0.52 0.9816

1.89)

N
@
lin}




*Statistically significant §<0.05)
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Study Measurement Cancer Type Median Difference
Not stated
Oto 2020 Preoperative Brain
Oto 2020 Preoperative Brain T
Zhou 2020 Preoperative Gynecologic —
Kaida 2021 Preoperative Stomach !
Wang 2019 Preoperative Lung i
Latex-enhanced immunoturbidimetric immunoassay
Faille 2018 At cancer diagnosis  Pancreas A
Posch 2016 At cancer diagnosis  Various ]
Schorling 2020 Pre-chemotherapy Various - - :
Pépin 2015 Pre-chemotherapy Various =
Ferroni 2012 Pre-chemotherapy Lung —
Arpaia 2009 Pre-chemotherapy Various —a—
Kuk 2017 Pre-chemotherapy Ovarian ———a—»
Cui 2018 Preoperative Breast —
Latex photometric immunoassay
Kodama 2009 Preoperative Gynecologic [y
M | —
-1 0 1 2 3 4

Supplemental Figurel. Forest plot of the median differences irdimer levels by type of assays between VTE and-XWoik

cancer patients

Timing of
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Median Difference

Estimate [95% CI]

0.10 [-0.13, 0.34]
0.02 [-0.05, 0.09]
0.60 [-0.33, 1.53]
0.70 [-0.93, 2.33]
0.47 [-0.32, 1.26]

1.48[0.18, 2.78]
0.41[0.16, 0.66]
1.65 [-0.50, 3.80]
3.40 [ 0.48, 6.32]
2.45[0.48, 4.43]
1.50 [ 0.66, 2.34]
2.18[0.07, 4.28]
0.76 [-0.14, 1.66]

0.30 [-0.37, 0.97]
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Preface to Chapter 5

This Chapter presents another poogt analysis of the AVERT trial, conducted to investigate the
association between sel@tlammatory and cardiac biomarkers and the risk of venous
thromboembolism (VTE) and clinically relevant bleeding in patients with cancer. Cancer patients
have an increased risk of both thrombotic and bleeding complications due to complex
interactions bet&en malignancy, its treatments and coagulation pathways. While biomarkers
such as growth differentiation factéb (GDF15), N-terminal preB-type natriuretic peptide
(NT-proBNP), and higtsensitivity troponiAT (hsTnT) have shown prognostic value in athe

patient populations and settings, their role in predicting VTE and bleeding in patients with cancer
remains uncertain. This Chapter explores their potential utility in risk prediction at baseline and

additional timepoints following chemotherapy initiatio
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5.1 Abstract

Background: Patients with cancer have an increased risk of venous thromboembolism (VTE)
and bleedinginflammatory and cardiac biomarkers may predict these complications, but their
role remains unclear.

Objectives To examineassociatios between two inflammatory markers-feactive Protein
(CRP) and Growth Differentiation Factéb (GDF15)] and two cardiac markers {términal
pro-B-type natriuretic peptide (NPproBNP) and hig¥sensitivity TroponiaT (hsTnT)] with

VTE andclinically relevantbleeding in cancer patierds intermediate to high risk of VTE
(defined as Khorana scor@).

Methods: We conducted a posioc analysis of the AVERT trialyhich evaluated apixaban for
VTE prevention in ambulatory cancer patients with Khorana scarBiomarkers were

measured dtaseline and month, with CRP also measured at me@thFine and Gray

regression modeksccounting for competing risk of death and, adjusted for age and advanced
cancer, estimatesuibdistribution hazard ratios (SHRY VTE andclinically relevantbleeding,
adjusting for age, advanced cancer and accounting for the competing risk of death.
Results: Of 574 patients, 51grovided baseline samples. Qaad threemonth samples were
available from 454 and 447, and 378 and 364, patients without prior VTE and bleeding events,
respectivelyElevatedbaselineGDF15 was associated with increased VTE risk [adjusted
SHR:1.36 (95% CI:1.01.84); p=0.045]NT-proBNP [adjusted SHR: 1.44 (95% CI:1-082);
p=0.014] and CRP [adjusted SHR: 1.38 (95% CI: 4.(0/6); p=0.012] were linked to bleeding
risk. Increasing ha'nT levels from baseline to monthwasassociated withigherVTE risk
[adjusted SHR: 1.89 (95% CI:1.3416); p=0.014]Nomograms were developed to estimate
VTE and clinically relevant bleeding risks.

Conclusions:Select inflammatory and cardiac markers were associated with VTHeswing
risks in cancer patientgith a Khorana score2 which can be determined using our nomograms.

Prospective research is needed to confirm these findings

Keywords: venous thromboembolism, bleeding, biomarkers, cancer inflammation
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5.2 Introduction

Several risk factors and pathways contribute to a high risk of venous thromboembolism (VTE) in
cancer patients. Concerning the etiologyidence supports inflammation and coagulation as
related and interacting processes. Briefly, inflammatory processes influence three key elements
of coagulation including inflammatiemduced coagulation activation, inflammatiorduced
downregulation of pysiological anticoagulant pathways and inhibition of fibrinolysis.
Additionally, patients with DVT commonly present with cardinal signs of inflammation
including heat, redness, pain and swelling. The association between inflammation and
coagulation is further highlighted by the elevated risk of VTE in individuals withinmmatory
diseases such as rheumatic arthigystemic lupus erythematostssystemic sclerosig and
inflammatory bowel disea$e€.This connection between inflammation and coagulation has
prompted several studies to evaluate the relationship between inflammatory biomarkers and VTE
risk. In two systematic review and metaalyses of populatiebased studies, higher levels of C
reactive protein (CRP), a weknown inflammatory biomarker, were associated with an
increased risk of VTE?® Other studies have demonstrated a probable association between VTE
and elevated levels of the inflammatory markers growth differentiation fa6t(GDF15) and
interleukin6 (IL-6), again supporting a relationship between inflammation and VTE #sk.
However, the association between GD&-and VTE in cancer patients remains a matter of
debate. In our previous studies evaluating the risk of VTE and bleeding in ambulatory cancer
patients with high GDRAS5 at Tmonth after chemotherapy initiation, incredsGDF15 levels
were associated with an increased risk of both VTE and bleedint}-tidkowever, in the
prospective Vienna Cancer and Thrombosis Study (CATS) cohort, no relationship between
GDF15 and VTE was found, although elevated GI'HFwas linked to an increased risk of
bleeding!314

Cardiac biomarkers such as natriuretic peptides and troponins have also been implicated
in VTE risk. Elevated levels of-terminal pro btype natriuretic peptide (NProBNP) and high
sensitivity troponin T (hdnT) have been associated with increased thuadmo risk in the
general populatio®*NT-proBNP is a marker of myocardial stress and'h$ is a marker of
myocardial damag¥!1® Although the exact mechanism remains unclear, it is hypothesized that
NT-proBNP and hanT may reflect a prothrombotic state since they are typically elevated in a
variety of cardiac conditioA3'?1° which are kngv!n to provoke VTE such as heart failure and
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peripheral atherosclerotic diseasesMoreover, in atrial fibrillation patients, NjfroBNP and

hsTnT have been identified as independent predictors of stroke and systemic embolisn, with hs
TnT also serving as a prognostic factor for major bleeding, further reflecting a potential
relationshipbetween coagulation and cardiac markérd.However, little is known about the
relationship between cardiac biomarkers such apBNP, hsTnT and VTE risk in cancer
patients.

In patients with cancer, a proinflammatory and prothrombotic state is even more
pronounced due to the malignancy itself and treatment. However, the relationship between
inflammatory and cardiac markers and VTE among patients with cancer remains leSsralear.
nested caseontrol studies of patients with cancer identified CRP as a potential predictor of VTE
risk,2>26though a prospective cohort study of patients with cancer failed to demonstrate a
significant association after multivariate adjustnénnterestingly, a recent study exploring the
early dynamics of CRP levels in patients treated with immune checkpoint inhibitors (ICI)
reported that patients who exXoencreagsenncCR®I a CRP
levels from baseline) had a higr risk of developing VTES

To address these knowledge gaps, the aim of this study was to investigate the association
between baseline levels of two inflammatory markers (CRP,-G&)fand two cardiac markers
(NT-proBNP, hsTnT) with VTE in cancer patients. Additionally, followingo@mmendations to
assess longitudinal changes in biomarkerse examined the relationship between longitudinal
changes in GDA5, CRP, NTproBNP and ha'nT and the occurrence of VTE. We also
investigated the association between these biomarkers, both at baseline and longitudinally, with

the risk of clinically relgant bleeding.

5.3 Methods

The Ottawa Health Science Network Research Ethics Board has reviewed and approved this
study (2024029491H).

Study Design

This is a poshoc analysis of the AVERT trial (Apixaban to Prevent VTE in Patients with
Cancer), evaluating the association between baseline and longitudinal biomarker levels for the
prediction ofcancerassociated VTE and bleedzigeg. The AVERT trial was a randomized, double



blind placebecontrolled trial assessing the efficacy and safety of apixaban compared to placebo
in preventing VTE in ambulatory cancer patients with intermediate to high risk of VTE (defined
as a Khor abetwees ebruas 2004 t@ April 2018 from 13 Canadian hospitals
Patients were randomized 1:1 to apixaban 2.5 mg twice daily vs placebo for 6 months. Full
details on the methodology and eligibility for the trial haeen publisheé’

Participants

The AVERT trial enrolled ambulatory cancer patients, aged 18 years or older, with newly
diagnosed or progressive cancer and a Khorana score of 2 or more. Eligible patients were
initiating a new course of chemotherapy and provided written informed coAsehné time of
inclusion, participants were also asked for consent to store blood samples for future secondary
research use. In this study, we included all patients enrolled in the AVERT trial who consented
for additional blood draw for research. Patiemith missing blood samples at baseline or during

follow-up were excluded.

Variables and Outcomes
Patient demographics and characteristics, including ethnicity, age, cancer type, cancer stage
(defined as advanced if the patient had hematological cancer or stage 3 or 4 solid cancer), sex
(male or female as assigned at birth) and treatment group glixaban vs placebo), were
collected at the time of randomization. For this study, the primary outcome was occurrence of
VTE, defined as objectively confirmed symptomatic or incidentally detected thromboembolic
events, including proximal or distal lower @oper limb deep vein thrombosis (DVT),
pulmonary embolism (PE), splanchnic or cerebral vein thrombosis occurring withinntbatAs
following enrollment. The secondary outcome was the composite of major bleeding and
clinically relevant nonmajor bleedin@ RNMB) (both defined using the International Society on
Thrombosis and Haemostasis definitichg8} otherwise known as clinically relevant bleeding.
These outcomes differ from the original trial, which focused on proximal DVT, PE and bleeding
events within a 6nonth followup period. All outcomes were adjudicated by a blinded outcome
adjudication comntiee.

During the AVERT trial, blood samples were collected at baseline and at months 1, 3, 6

and 7 following enrollment. In this study, we analyzed blood samples and focused on biomarkers
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measured at baseline, moritland montk3. Particularly, we measured GHB, NT-proBNP,

hsTnT and CRP levels at baseline, and CRP levels at rioattd montk8. In addition, we

included previously measured biomarkers at mdnihcluding GDF15, NT-proBNPand hs

TnT levels which were part of previous reseafcBRP was the only biomarker tested at menth

3 given previous evidence suggesting an association between CRP changes in theofitkis3

and VTE risk in cancer patients initiating immune checkpoint inhibitor the¥dpye to funding

and project constraints, the biomarkers were measured at three different labs. CRP was measured
using particleenhanced immunoturbidimetric assays on Roche cobas 6000 automated chemistry
analyzer (at baseline) or Roche ¢702 instrument (mbrand-3). GDF15 was measured using

an ELISA immunoassay (Biotechne Quantikine GIF; R&D systems) on Roche cobas 6000
automated chemistry analyzer (baseline) and an electrochemiluminescence immunoassay (Roche
Elecsys assay, Roche Diagnostics) on Ceddd platform (monti). NT-proBNP and ha'nT

were measured using electrochemiluminescence immunoassays on Roche cobas 6000 automated
chemistry analyzer (baseline) or Roche Cobas e411 platform (Roche Diagnostics, Manheim,

Germany) (montl).

Statistical Analysis

We assessed patient characteristics and biomarker levels between patients with and without VTE
and clinically relevant bleeding using descriptive statistics. Since all biomarker levels were right
skewed, we reported biomarker levels as medians and intBlguanges. Prior to imputation

and regression analyses, biomarkers were log transformed and standardized by subtracting the
mean and dividing by the standard deviation (SD). Then, patients with partial missing biomarker
data were included and missingtiarker levels were imputed using single imputation

predictive mean matching.

To assess the association between the biomarkers and clinical outcomes, we used Cox
proportional hazard and Fine and Gray competing risk regression models. The Cox regression
models were used to detect departures from linearity for continuous biomapestically, to
examine potential nehnear relationships between biomarkers and outcomes, we compared the
Akaike Information Criterion (AIC) of restricted cubic spline cox regression models vkittoi
and 3knots with the AIC of a linear model. The neavith the smallest AIC was considered as

having the best fit. We also plotted the restricted cubic spline models-kitatd to visually
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assess for nehnearity. To verify proportionality over time, scaled Schoenfeld residuals were
plotted over time and visually inspected for soportionality. In cases where biomarkers
showed evidence of ndmear associations with outcomes, we plotteel hazard ratio across
different biomarker levels. For biomarkers demonstrating a linear relationship with VTE or
clinically relevant bleeding, we used Fine and Gray competing risk regression models,
incorporating linear terms and adjusting for the caimgeisk of allcause mortalityTo confirm
theproportional subdistribution hazards assumption was met, we plotted the cumulative
incidence functions and visually inspected for consistentcnassing separation between the
groups

We performed separate regression analyses to evaluate the impact of baseline biomarker
levels and changes in biomarkers over time (from baseline to riamtimontk3) on the risk of
future VTE and clinically relevant bleeding. To assess the baselingagsgaonly the
transformed and standardized baseline biomarker values were included in the model. For
changes over time, we included the relative differences in log biomarker levels (i.e., loglmonth
or log montk3 values minus log baseline) while adjng for the log baseline value.
Multivariate models were used to account for potential confounders (i.e., age and
metastatic/advanced cancer). To help with clinical applicability, we generated nomograms to
help describe the association between the bioensar&nd outcomes. Sensitivity analyses were
performed to assess the robustness of results, one analysis without imputations and the other by
intervention group (i.e., apixaban vs placebo). We evaluated biomarkers for predicting VTE in
the placebo group ardinically relevant bleeding in the apixaban group, as these populations
were considered higher risk for these outcomes. For comparison, we also analyzed the risk of
VTE and clinically relevant bleeding in previously defined CRP change subgroups including
CRP rise (defined as a twold or greater increase in CRP levels from baseline) and CRP
decline (defined as a 50% or greater decrease in CRP levels from b&betiimg) the values
from monthk1 and montkB. For all analyses, ayalue below 0.05 was considered statistically
significant and, all analyses were performed in SAS version 9.4 (SAS Institute, Inc) or R Studio
(R Core Team (2024), Vienna, Austria).
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5.4 Results

Of 574 patients enrolled in the AVERT trial between February 2014 and April 2018, a total of
514 patients consented to providing blood samples at baseline (Figure 1). Of these, 43 patients
developed VTE (24 DVT, 15 PE, 2 combined DVT and PE, 2 splanckmdahrombosis) and

46 developed clinically relevant bleeding events (11 major bleeding and 35 clinedalant
norrmajor bleeding events) during thanbnth followup. To analyze the change in biomarker
levels from baseline to month we excluded pagnts who did not consent to providingribnth
blood samples as well as those who died or developed an event prior to thelrfalav-up

visit (Figure 1). Similarly, to analyze the change in CRP levels from baseline to-8ioméh

also excluded patients who did not provide consent, and those with previous events or deaths
(Figure 1).At baseling28 GDF15, 31 NFproBNP, 56 hsTnT, and 17 CRP values were

imputed. At montkL, 12 GDF15, 12 NFproBNP, 8 hsI'nT, and 6CRP values required
imputation. At montk3, no values were imputed.

Overall, for the 514 patients included at baseline, the mean (SD) age at enrollment was
62 (12.1) and the median folleup was 196 days. The most common primary cancer sites were
gynecologic (n=138), lymphoma (n=131) and pancreatic (n=67). Among thatpati¢.8%
were male and 50.2% patients were randomized to receive apixaban. Consistent with the main
findings of the AVERT trial, the incidence of VTE was higher among patients randomized to
placebo than those randomized to apixaban (69.8% vs 30.2%I)alblee mean (SD)
biomarker levels stratified by VTE and clinically relevant bleeding are presented in Table 1 and
Supplemental Table 1, respectively.

At baseline, there was no evidence of4liaear associations between any of the four
biomarkers and outcomes. Therefore, we used Fine and Gray competing risk regression with
linear terms to determine the association between baseline biomarkers anddkitofr® TE
and clinically relevant bleeding, with death as a competing risk (Table 2 and 3). The results
suggest that elevated baseline GIH-was significantly associated with an increased risk of
VTE [SHR: 1.36 (95% CI: 1.01.84), p=0.045], but not béeling, after adjustment for age and
advanced cancer (Table 3). Biomarkers which were not significantly associated with an
increased risk of VTE but were associated with a significantly increased risk of clinically
relevant bleeding included NgroBNP and &P [SHR: 1.44 (1.08.92), p=0.014; SHR per 1
SD log increase: 1.38 (1.€0776), p=0.012, resggecctively] (Table 3) after multivariate adjustment.



In our sensitivity analyses excluding imputed data and focusing on patients randomized to
placebo or apixaban, similar effect measures were reported (Supplementary Faf)les 2

In our analyses of changes over time, we again found no evidence-lifieam
associations, permitting us to fit Fine and Gray competing risk regression models without
restricted cubic splines. According to our multivariate analyses, increasingihiewels from
baseline to month (i.e., log hsTnT at montkl minus log hsInT at baseline) was significantly
associated with an increased risk of VTE [SHR: 1.89 (95% CI:3.14), p=0.014] but not
bleeding (Table 3). This association remained significasénsitivity analyses without
imputations and in patients receiving placebo (Supplementary Table 2 and 3). Although we did
not perform multivariate analyses given the lower number of events and sample size, an increase
in CRP levels from baseline to morihwas also significantly associated with VTE risk [SHR:
1.89 [95% CI: 1.148.16), p=0.014] in the univariate model but not wiiteeding (Table 2).
When CRP was analyzed categorically in subgroups of CRP change (i.e., CRP rise and CRP
decline¥?, patients with a CRP decline of 50% or greater in the first three months had a
significantly lower risk of VTE compared to those without [SHR: 0.34 (95% CI-0.9@),
p=0.042] which was no longer significant after multivariate adjustment [SHR: 0.33¢%5%
0.11-1.02), p=0.054). Additionally, our analyses revealed that increasingrbBNP levels
from baseline to montth was significantly associated with an increased risk of clinically
relevant bleeding [SHR: 1.41 (95% CI: 1.081), p=0.027; Table 3]However, a high effect
measure was also reported in relation to VTE and, in our analysis of patients randomized to
apixaban, a diminished effect measure was observed.
Four nomograms were generated based on the results of our biomarker dnahesésr
predicting the risk of VTE using baseline GI2b, one for predicting the risk of clinically
relevant bleeding using baseline biomarkers (i.e., CRP arpgrdbBNP), one fopredicting the
risk of VTE using changes in finT levels from baseline to monthand one for predicting the
risk of clinically relevant bleeding using changes in-pfoBNP levels from baseline to morith
(Figure 23). In all four nomograms, the numh#rassigned points and predicted risk of
outcome increased with increasing levels of biomarkers. To illustrate how these nomograms
work, we consider a hypothetical example for predicting the risk of clinically relevant bleeding
using baseline biomarkersigkre 2). If a patient has a natural log CRP of 1 (equivalent to 2.7

mg/dL) and a natural log NproBNP of 7 (equivalent to 1100 pg/mL), they would be assigned
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50 and 40 points, respectively, based on the top point axis. The sum of these values would then
be used to generate a predicted risk probability using the bottom point axis. In this example, the
patient would have a total of 90 points which would corredforan estimated 15% risk of

clinically relevant bleeding.

5.5 Discussion

In this posthoc analysis of the AVERT trial, higher baseline GIB-was associated with an
increased risk of VTE but not bleeding, meanwhile, higher baseline CRP apthBNP levels
were associated with an increased risk of clinically relevant bledaimgot VTE, during 7
months of followup after chemotherapy initiation. Our results also suggested that an increase in
hsTnT levels from baseline to monthand an increase in CRP levels from baseline to r®nth
were associated with an increaseth@nthrisk of VTE, but not bleeding. Lastly, we found that
increasing NTproBNP levels from baseline to monthwas associated with an increased risk of
clinically relevant bleeding, though this association was no longer significant in patients
randomized to thapixaban group. Based on these results, four nomograms were generated for
the prediction of VTE and clinically relevant bleeding in patients with cancer.

Our findings suggest that, at baseline, biomarkers such aslGDERP and NproBNP
may help optimize risk assessment for VTE or clinically relevant bleeding in patients with cancer
starting chemotherapy, potentially facilitating decisioaking regardingrimary
thromboprophylaxis. In particular, GBE5, an inflammatory biomarker, showed potential as
baseline predictor for VTE with no link to bleeding, though this contrasts with results from the
Vienna CATS studies, which reported a relationship betai®h-15 and bleeding risk with no
link to VTE 1314 The differences in study patient populations and follgmdurations between
the AVERT trial and Vienna CATS cohort may explain these inconsistencies. Particularly, the
AVERT tri al included patients at inttler medi at e
almost half of the patients randomized to receive apixaban as primary thromboprophylaxis and
followed for 7months whereas, the VIENNA CATS cohort included a broader cancer
population which were followed up to 24 months and prophylactic anticoagukedi®not
routinely given in their cohort. Thus, other studies are needed to determine the role of baseline

GDF15 in cancer patients.

29z



Additionally, in our study, we found an association between CRP, another inflammatory
biomarker, was associated with an increased risk of clinically relevant bleeding. Although GDF
15 and CRP are both inflammatory biomarkers, they have different prope#tties may
explain why one is associated with VTE while the other is associated bleedingl35B B
stressresponse cytokinexpressed in response to inflammation, oxidative stress, hypoxia,
telomere erosion and oncogene activafiovhereas, CRP is an acute phase reactant protein
expressed primarily in response to infection and inflammati@DF15 is thus known to have
a broader role in inflammatory or stress responses compared to CRP. A possible mechanism
linking GDF15 to VTE is via the activation of Smad2/psmad2/snail pathway by-GDF
expression which promotes endothet@imesenchymatansition and reduces their
antithrombotic ability?® The mechanistic link between CRP and bleeding is not fully understood,
but CRP could be an indicator of other comorbidities associated with increased risk of bleeding
such as atrial fibrillatio#, hypertensioff or chronic kidney diseasé.

Baseline NTproBNP was also identified as another predictor for clinically relevant
bleeding. NFproBNP is a cardiac marker secreted in response to myocyte stretch, hypoxia and
endocrine activatioh’**While it is a biomarker of cardiac stress primarily used to monitor heart
failure patientg? our findings suggest that NgroBNP may also be useful in cancer patients
initiating chemotherapy to predict clinically relevant bleeding. The potential link between NT
proBNP and bleeding could be related to the physiological effects of its biologicéirg
counterpart, Bype natriuretic peptide (BNP), which inhibits the reaimgiotensin system and
the sympathetic nervous systénpotentially influencing fibrinolysis and hemostasis. Moreover,
elevated NTproBNP has been linked to several bleeding risk factors including low
hemoglobirt!42hypertensiort? metastatic diseagé systematic inflammatidf and chronic
kidney diseasé&*’which could also explain the increased susceptibility to bleeding in patients
with elevated N¥proBNP levels.

Beyond baseline measures, longitudinal changes in biomarkers can provide insights into
changes in risk during treatment (i.e., chemotherapy or anticoagulation therapy). Our findings
suggest that increasing-fis T levels from baseline to monfhand CRP legls from baseline to
month3 are associated with higher VTE risk. Elevataddnth hsTnT (>14 pg/mL) was
previously identified as predicting future VTE evehtand our study extends this by

demonstrating that increases inhsT levels from baseline to monthmay serve as an indicator
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of increased VTE risk after initiating chemotherapy. Sinc&B is a marker of myocardial
damage, rising R¥nT may be related to the damaging effects of chemotherapy on the
cardiovascular system, a condition known as chemothesated cardiotoxicitywhich is
presumed to impair circulation and predispose to thrombBbsis.

Additionally, the positive association between CRP changesmatr2hs and VTE aligns
with previous research. A study by Moik effdbund that an early CRP rise (definesla twe
fold or greater increase in CRP levels in the first@ths from baseliavas associated with
increased VTE risk in cancer patients treated with immune checkpoint inhi§i&irse our
study included cancer patients initiating any chemotherapy (not limited to immune checkpoint
inhibitors), our findings suggest that this relationship may also extend to this patient population,
though confirmation in larger studies are needealtdwur small sample size and low number of
events. However, in a study of patients with metastatic colorectal cancer, patients who developed
thrombosis tended to have increasing ksghsitivity CRP levels during the course of treatment
after 2 months ofhemotherapy? aligning with our results. Thus, there may be an inflammatory
response occurring during the first few months of chemotherapy, increasing the likelihood of
thrombosisThe lack of Imonth CRPVTE association in our study raises the possibility that a
shorter followup period may not be sufficient to capture the inflammatory effects of
chemotherapy, supporting future research on CRP changes at 2 to 3 months.

Finally, increasing NIproBNP levels from baseline to morthwvas associated with
increased clinically relevant bleeding risk, but an elevated hazard ratio was observed for VTE
contraindicating its use as a potential bleeding predictor. Additionallatiargs randomized to
apixaban, a diminished effect measure was reported, suggesting that it may not be a useful
predictor for clinically relevant bleeding complications in patients on anticoagulation. The
reduced effect measure in apixaban patients deeildue the pleiotropic effects of direct oral
anticoagulants (DOACSs), which according to Mele & ahay lower NFproBNP through their
antrinflammatory and endothelial modulating actions. ThereforepfBNP may not be a
useful longitudinal biomarker to use for monitoring changes in risk of bleeding in cancer patients
on DOACs.

The current study has multiple clinical implications. For one, this study highlights the
role of two inflammatory and two cardiac markers for assessing, as well as monitoring, the risks

of VTE and clinically relevant bleeding in patients with canceristadhemotherapy. The
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associations identified in this study could help to further refine risk assessment models such as
the Khorana score guide decisions about thromboprophylaxis. Although these biomarkers are
not routinely measured, some guidelines recommend assessing some of these biomarkers for
other cancerelated outcomes including cardiotoxicity and carredated fatigué® 53 Therefore,
these biomarkers may increasingly become part of routine clinical practice, especially with the
rapid advancements in technology. Moreover, in this study, we generated four nomograms to
predict individual risk of VTE and clinically relevant blding based on the significant

bi omarkers identified in this study. These no
tailor treatment strategies, and monitor responses to therapy more effectively. As these
nomograms are refined and validate@yticould potentially become a helpful tool to make
decisions about thromboprophylaxis and bleeding management, leading to improved patient
outcomes.

Our study has limitations that should be considered. Ritehugh we found significant
associations between select biomarkers and future VTE or bleeding risks, we cannot definitively
establish causality. Second, the modest sample size and number of events limited our ability to
control for all potential confoursts, therefore residual confounding may be present. Particularly,
some biomarkers may be influenced by comorbidities or therapies (e.g., surgery, radiation
therapy) common in cancer patients. Hwer, we adjusted for age and advanced cancer
diagnosis since these are watlown timeinvariant risk factors for biomarker variability and
VTE and bleeding risk. Thirdhe AVERT trial included only selected cancer patients with
intermediatehigh VTE risk initiating chemotherapy defined by Khoranasodte. Addi ti on al
some cancer types were excluded so the results may not be generalizable to all cancer types (e.qg.,
acute leukemia and myeloproliferative neoplasms). Similarly, since the biomarkers were
measured at baseline, monthand montkB after initiating chemotherapy, the predictive ability
of the biomarkers may not extend to other timepoints and in cancer patients initiating other
therapies. Investigating a different length of follayw may be of iterest to other researchers,
however, most VTE events occur within the first six months after diagfhasid most clinically
relevant bleeding events likely occur while on anticoagulation. It is also important to note that
the biomarkers, at different timepoints, were measured in different labs which may have led to
variations in biomarker values. Lastlyjglstudy does not address the practicality and cost

effectiveness of implementing the use of these biomarkers in clinical practice.
29t



In conclusion, our study showed that elevated baseline-Gkas associated with
increased VTE risk, while elevated baselinepifoBNP and CRP levels were associated with a
higher clinically relevant bleeding risk cancer patients with a Khorana scofeChanges in
hsTnT and CRP over time could also predict VTE risk. Four nomograms were generated based
on these findings, which may serve as a valuable tool for risk assessment and monitoring.
Further large prospective studies are needed to confirm alimdgs and the clinical utility of

these biomarkers.
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Tablel. Baseline characteristics and laboratory results of cancer patients with and without

venous thromboembolismMMTE)

VTE (n=43) No VTE (n=471)
Age (years), mean (SD) 64.0 (11.1) 62.0 (12.1)
Male sex, n (%) 20(46.5) 195 (41.4)
BMI (kg/m2), mean (SD) 27.5 (25.132.0) 27.7 (23.735.1)
Previous VTE, n (%) 3 (7.0) 13 (2.8)
Randomized to apixaban, n 13 (30.2) 245 (52.0)
(%)
Randomized to placebo, n 30 (69.8) 226 (48.0)
(%)
Antiplatelet use, n (%) 7 (16.3) 100 (21.2)
Known metastatic or 35 (81.4) 418 (88.8)
advanced cancer, n (%)
Primary cancer site, n (%)
Brain 3(7.0) 19 (4.0)
Breast 0 17 (3.6)
Gastrointestinal 9 (20.9) 50 (10.6)
Gynecologic 8 (18.6) 130 (27.6)
Hematological 0 17 (3.6)
Lung 0 51 (10.8)
Lymphoma 8 (18.6) 123 (26.1)
Pancreas 12 (27.9) 55 (11.7)
Other 3(7.0) 9(1.9
Laboratory test results at
baseline, mean (SD)
log(GDF-15, pg/mL) 7.3 (0.7) 7.1 (0.7)
log(NT-proBNP, pg/mL) 4.8 (1.0) 4.9 (1.0)
log(hsTnT, pg/mL) 2.2 (0.7) 2.1 (0.5)
log(CRP, mg/dL) 0.2 (1.4) 0.01 (1.3)
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Laboratory test results at
month-1, mean (SD)

log(GDF-15, pg/mL) 8.0 (0.8) 7.6 (0.8)
log(NT-proBNP, pg/mL) 5.1 (1.0) 4.7 (1.3)
log(hsTnT, pg/mL) 2.3 (0.8) 1.9 (1.0)
log(CRP, mg/dL) -0.7 (1.5) -0.9 (1.4)

Laboratory test results at
month-3, mean (SD)*
log(CRP, mg/dL) -0.2 (1.5) -1.2 (1.4)
Abbreviations: body mass index (BMI}reactive proteifCRP), growthdifferentiation factor
15 (GDF15), Nrterminal preB-type natriuretic peptide (NproBNP), highsensitivity troponin
T (hsTnT), standard deviation (SD), venous thromboembolism (VTE)
*At month-1, 30 patients had VTE and 424 patients had no VTE and at +Bpfa@patients had
VTE and 362 patients had no VTE.
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Table2. Unadjusted association between biomarkers and risk@fious thromboembolism

(VTE) and clinically relevant bleeding in cancer patients from the AVERT trial

Predictor? VTE Clinically Relevant Bleeding
N of | SHR (95% CI)¢ | p-value | Nof | SHR (95% Cl)¢ | p-value
events events

GDF-15
Baseline 43 1.30 (0.981.73) | 0.068 46 1.10(0.801.51) | 0.58
Change from baseline 30 1.27 (0.961.68) | 0.089 30 1.21(0.781.89) | 0.39
to month-1°

NT-ProBNP
Baseline 43 0.96 (0.721.29) 0.80 46 1.40 (1.061.85) | 0.017
Change from baseline 30 1.34(0.951.90) | 0.093 30 1.39 (1.021.89) | 0.036
to month-1°

hs-TnT
Baseline 43 1.22 (0.901.66) 0.20 46 0.98 (0.721.32) | 0.88
Change from baseline 30 1.91(1.173.11) | 0.010 30 1.17 (0.721.91) | 0.52
to month-1°

CRP
Baseline 43 1.14 (0.861.52) 0.37 46 1.44 (1.131.83) | 0.004
Change from baseline 30 1.16 (0.771.74) 0.47 30 1.12 (0.731.77) | 0.63
to month-1°
Change from baseline 14 1.88 (1.093.24) | 0.023 16 0.62(0.321.21) | 0.16

to month-3¢

aall baseline, montd and montk3 predictors were log transformed

b adjusted for baseline values

¢ adjusted for baseline values and change from baseline to honth

dper tunit standard deviation increase
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Table3. Adjusted association between biomarkers and risk@hous thromboembolismMTE)

and clinically relevant bleeding in cancer patients from the AVERT trial (adjusted for age and

advanced/metastatic cancer)

Predictor? VTE Clinically Relevant Bleeding
N of | SHR (95% CI)¢ | p-value | N of SHR (95% CI)¢ | p-value
events events
GDF-15
Baseline 43 1.36 (1.011.84) | 0.045 46 1.09 (0.781.51) 0.62
Change from 30 1.27 (0.951.68) | 0.10 30 1.23(0.791.91) 0.37
baseline
to month-1°
NT-ProBNP
Baseline 43 0.94 (0.761.27) | 0.70 46 1.44 (1.081.92) 0.014
Change from 30 1.30 (0.891.89) | 0.18 30 1.41 (1.041.91) 0.027
baseline
to month-1°
hs-TnT
Baseline 43 1.22 (0.881.69) | 0.23 46 0.98 (0.711.36) 0.92
Change from 30 1.89 (1.143.16) | 0.014 30 1.15 (0.761.74) 0.51
baseline
to month-1°
CRP
Baseline 43 1.22 (0.911.64) | 0.18 46 1.38 (1.071.76) 0.012
Change from 30 1.12(0.741.69) | 0.58 30 1.13 (0.721.78) 0.60
baseline
to month-1°

2all baseline, monti and mont3 predictors were log transformed

b adjusted for baseline values

¢ adjusted for baseline values and change from baseline to +honth

dper tunit standard deviation increase
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Figure 1. Flow diagramof patients included in the differentenous thromboembolism (VTE)
and clinically relevant bleedingnalyses
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Figure 2. Nomograms for predicting the risk of a)enous thromboembolismMTE) and b)
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5.7 Appendix

Supplemental Tabléd.. Baseline characteristics and laboratory results of cancer patients with

and without bleeding

Clinically Relevant Bleed

No Bleed (n=468)

(n=46)
Age (years), mean (SD) 62.5 (14.7) 62.0 (11.8)
Male sex, n (%) 15 (32.6) 200 (47.7)
BMI (kg/m2), mean (SD) 27.7 (23.933.5) 27.7 (23.735.1)
Previous VTE, n (%) 2(4.4) 14 (3.0)
Randomized to apixaban, n 30 (65.2) 228 (48.7)
(%)
Randomized to placebo, n 16 (34.8) 240 (51.3)
(%)
Antiplatelet use, n (%) 10 (21.7) 97 (20.7)
Known metastatic or 44 (95.7) 409 (87.4)
advanced cancer, n (%)
Primary cancer site, n (%)
Brain 1(2.2) 21 (4.5)
Breast 1(2.2) 16 (3.4)
Gastrointestinal 5(10.9) 54 (11.5)
Gynecologic 17 (37.0) 121 (25.9)
Hematological 1(2.2) 16 (3.4)
Lung 2(4.3) 49 (10.5)
Lymphoma 12 (26.1) 119 (25.4)
Pancreas 6 (13.0) 61 (13.0)
Other 1(2.2) 11 (2.4)
Laboratory test results at
baseline, mean (SD)
log(GDF-15, pg/mL) 7.1(0.8) 7.1(0.7)
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log(NT-proBNP, pg/mL) 5.2(1.2) 4.8 (1.0)

log(hsTnT, pg/mL) 2.1 (0.5) 2.2 (0.5)

log(CRP, mg/dL) 0.5 (1.3) -0.02 (1.3)

Laboratory test results at
month-1, mean (SD)

log(GDF-15, pg/mL) 7.8 (1.0) 7.6 (0.8)
log(NT-proBNP, pg/mL) 5.1(1.1) 4.7 (1.3)
log(hsTnT, pg/mL) 1.9 (0.8) 1.9 (1.0)
log(CRP, mg/dL) -0.6(1.6) -0.9 (1.9)

Laboratory test results at

month-3, mean (SD)*

log(CRP, mg/dL) -1.6 (1.5) -1.1 (1.4)

*At month -1, 29 patients had VTE and 425 patients had no VTE and at montB, 15
patients had VTE and 363 patients had no VTE.
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Supplemental Tabl@. Sensitivity analysis without imputation (adjusted for age and

advanced/metastatic cancer)

Predictor? N VTE N Clinically Relevant Bleeding
N of | SHR (95% CI)¢ | p- Nof | SHR (95% CI)¢ | p-
VTE value events value

GDF-15
Baseline 445 | 35 | 1.46(1.052.04) | 0.026 | 445 39 1.08 (0.751.54) | 0.69
Change from 393 | 25 | 1.36(0.991.87)| 0.055| 387 26 1.38 (0.902.12) | 0.14
baselineto month 1°

NT-ProBNP
Baseline 442 | 33 | 1.04(0.741.47)| 0.81 | 442 39 1.43 (1.022.00) | 0.037
Change from baseline| 391 | 23 | 1.60 (0.982.61) | 0.060 | 385 25 1.64 (1.132.38) | 0.009
to month-1°

hs-TnT
Baseline 419 | 33 | 1.30(0.921.84)| 0.14 | 419 39 0.95(0.661.37) | 0.79
Change from baseline | 372 23 1.92(1.133.30) | 0.019 | 366 25 1.20 (0.662.18) | 0.55
to month-1°

CRP
Baseline 456 | 37 | 1.29(0.941.76) | 0.11 | 456 40 1.37 (1.071.75) | 0.012
Change from baseline | 403 25 |1.19(0.781.81) | 0.41 | 396 26 1.17 (0.691.98) | 0.55
to month-1°
Unadjusted change 354 14 | 2.03 (1.143.60) | 0.016 | 342 16 0.64 (0.321.28) | 0.21

from baseline to

month-3°¢

aall predictors were lotransformed except for the changes from baseline to rionth

b adjusted for baseline values

¢ adjusted for baseline values and change from baseline to honth

dper tunit standard deviation increase
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Supplemental Tabl&. Unadjusted association between biomarkers and VTE in placebo group

Predictor? N VTE
N of events | SHR (95% CI)¢ | p-value

GDF-15

Baseline 256 30 1.29 (0.951.76) 0.10

Change from baseline to monthl® 231 23 1.22 (0.861.74) 0.27
NT-ProBNP

Baseline 256 30 1.01 (0.701.45) 0.97

Change from baseline to monthl® 231 23 1.06 (0.721.56) 0.78
hsTnT

Baseline 256 30 1.27 (0.911.77) 0.16

Change from baseline to month1® 231 23 2.71 (1.2¥5.81) | 0.010
CRP

Baseline 256 30 1.13 (0.821.57) 0.46

Change from baseline to monthl® 231 23 1.27 (0.742.10) 0.34

Change from baseline to montk3® 190 12 2.02 (1.093.76) 0.026

aall predictors were log transformed except for the changes from baseline teInonth
b adjusted for baseline values
¢ adjusted for baseline values and change from baseline to +honth

d Per tunit standard deviation increase
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Supplemental Tabld. Unadjusted association between biomarkers and clinically relevant

bleeding in apixaban group

Predictor? N Clinically Relevant Bleeding
N of events| SHR (95% CI)¢ | p-value

GDF-15

Baseline 258 30 1.15 (0.801.66) 0.44

Change from baseline to monthl® | 217 17 1.37 (0.692.72) | 0.37
NT-ProBNP

Baseline 258 30 1.58 (1.152.18) | 0.005

Change from baseline to monthl® | 217 17 1.17 (0.791.75) 0.42
hsTnT

Baseline 258 30 1.12 (0.811.56) 0.50

Change from baseline to month1® | 217 17 1.26 (0.652.45) 0.42
CRP

Baseline 258 30 1.46 (1.131.89) | 0.004

Change from baseline to monthl® | 217 18 1.03 (0.591.80) 0.92

Change from baseline to month3® | 181 11 0.66 (0.301.47) 0.31

aall predictors were log transformed except for the changesles®line to monti
b adjusted for baseline values
cadjusted for baseline values and change from baseline to +honth

dper tunit standard deviation increase
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Supplemental Tabl®. Association between CREhange subgroups and risk of VTE and

clinically relevant bleeding

Predictor? Model VTE Clinically Relevant Bleeding
N of | SHR (95% CI)? | p-value| Nof |SHR (95% Cl)d¢| p-
events events value

CRP change subgroups*

CRP rise Unadjusted 14 1.27(0.364.54) | 0.71 16 1.02 (0.363.55) | 0.97

Adjusted 14 | 1.13(0.284.48)| 0.86 16 | 1.17 (0.334.14) | 0.81

CRP decline | Unadjusted 14 0.34 (0.120.96) | 0.042 16 1.43 (0.474.41) | 0.53

Adjusted 14 | 0.33(0.131.02)| 0.054 | 16 | 1.30 (0.404.25)| 0.66

*the CRP measurements at montkl and month-3 were used to classify the subgroups;
patients with a doubling or 50% decrease from baseline to montlh OR month-3 were

classified as CRP rise and CRP decline, respectively.
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Preface to Chapter6

This Chapter reports machine learning models using data from the AVERT trial for predicting
venous thromboembolism (VTE) and clinically relevant bleeding in patients with cancer. While
primary thromboprophylaxis can reduce VTE risk, it also increasesibtegsk, highlighting

the need for accurate and individualized risk stratification. Given the limitations of existing

clinical prediction models, this study explores the potential of machine learning approaches,
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incorporating routinely available clinical variables as well as biomarkers and genetic risk factors,
to improve personalized thromboprophylaxis strategies.
6.1 Abstract

Background: Patients with cancer are at an elevated risk of venous thromboembolism (VTE).
While primary thromboprophylaxis reduces VTE incidence, it also increases bleeding risk,
necessitating accurate risk stratification. Existing toslgh ashe Khorana scorénavemodest

predictive value, and bleeding risk models have not been validated in ambulatory cancer patients.

Objectives. To train machine learning models for predicting VTE and clinically relevant

bleeding in ambulatory cancer patients initiating chemotherapy.

Methods: We used data from 514 participants in the Apixaban for the Prevention of Venous
Thromboembolism in Highisk Ambulatory Cancer Patients (AVERT) randomized controlled

trial. This trial included cancer patients at intermediate to high risk for VTE (defined as a

Khorana score 2). Outcomesncluded objectively confirmed VTE and clinically relevant

bleeding over 7 months. For each outcome, we trained three models: logistic regression with L1
regularization and two XGBoost models (one using all avalahtiables, including biomarkers

and genetic data; one using only routinely collected variables). Performance was evaluated using
optimismadjusted area under the operating curve (AUC), precrgicall AUC, calibration, and

diagnostic statistics.

Results:VTE and clinically relevant bleeding occurred in 8.4% and 9.0% of patients,
respectively. The full’ariable XGBoost model performed best (VTE AUC: 0.92, bleeding AUC:
0.90). Key VTE predictors included Factor V Leiden, topoisomerase inhibitor use, apixaban
stomach or pancreatic cancer, hemoglobin and-begtsitivity troponin T whereas top bleeding
predictors included extracellular vesicl@®coagulant activity, Merminal preB-type

natriuretic peptide, €eactive protein, age, body mass index and bémnohts.

Conclusions:Machine learning models incorporating biomarker and genetic variatdesately
predicedVTE and clinically relevant bleeding cancer patientwith a Khorana score 2,

supporing personalized thromboprophylaxiscancer care.
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6.2 Introduction

Patients with cancer have an increased risk of venous thromboembolism (VTE) compared to the
general populatiohparticularly during the first six months after initiating chemothefapihe
occurrence of VTE in patients with cancer can adversely affect their quality diifesase
their risk of deathand lead to higher healthcare cosEfective primary prevention strategies
such as pharmacological thromboprophylaxis are thus desired, however, given the risk of
bleeding complications associated with anticoagulation therapy, they are ideally only given to
the highest risk patients (i.¢hose most likely to benefit). This is supported by current
guidelines which suggest the use of primary thromboprophylaxis with apixaban or rivaroxaban in
ambulatory cancer patients with intermediate to frigh of VTES'8

To identify ambulatory patients with cancer at higher risk of VTE who would benefit
from primary thromboprophylaxis, various risk assessment tools have been developed, with the
Khorana score being the most widely used and recommended by clinical gsigi&hmse
Khorana score stratifies patients with cancer into low risk (0 points), intermediate-#isk (1
points) and high risk (3 or more points) based on clinical faétGrsdelines generally
recommend thromboprophylaxis in patients with a Khorana scor@ since primary
thromboprophylaxis has been shown to reduce VTE incidence in these patients without
significantly increasing the risk of bleeding, as shown in the AVERT and CASSINI'frfals.
However, a Khorana score threshold & alone may not be optimal in identifying patients with
cancer who would benefit most from thromboprophylaxis, as the incidence of VTE in this
category is approximately-80%1%12 and primary thromboprophylaxis might expose many to
unnecessary bleeding risks. The suboptimal predictive capacity (i.e., low positive predictive
value) of the Khorana score has likely led to an wudiization of both the Khorana score and
primary thranboprophylaxis by clinicians as reported by Martin &tahd Mongelli et &f,
despite the recommendations in current guidelines. Therefore, enhancing VTE and bleeding risk
prediction is warranted to better identify higbk patients and optimize thromboprophylaxis
strategies.

Other risk assessment scores have been proposed to improve the prediction of cancer
associated VTE, including, the Vienna CAT,Srotecht’, Conkd’, COMPASSCAT,
CATS/MICA?S, TiC-Onca® and ONCOTHROMB! scores. However, external validation studies

have shown that the majority of these scoresﬁ@ve suboptimal discriminatory performance, with
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c-statistics between 0.50 to 0.74%8 More recently, a novel electronic health record (EHR)

based VTE risk score has shown improved performance compared to the original Khorana score,
though its estatistic remained modest, between 60681, in external validatiof?:*°*Researchers

have also begun exploring machine learning models to optimize VTE prediction in patients with
cancer, although most were specific to a particular patient population, such as those with a
specific cancer type or undergoing a procedure, or gingohained suboptimal with poor model
performancel

As an alternative to VTE prediction, bleeding risk prediction has also emerged as an
active area of research to assist clinicians in the evaluation of the benefits and risks of
anticoagulation in ambulatory patients with cancer. An external validation saslevaluated
the performance of five commonly used bleeding risk models (i.e.;bl@&d, AFbleed, HAS
BLED, ATRIA and ORBIT) inpatients with cancer on anticoagulation in the primary care
setting3? The results showed that these availabteels could not accurately predict bleeding in
these patient¥,which could be related to the fact that these models were mainly derived for
other patient populations such as fwamcer patients with atrial fibrillation or VT3’ Two
other bleeding risk assessment models specific for patients with esssmiated thrombosis
have also been developed (i.e., GRLEED and BCAT),383°but they have yet to be externally
validated. Given that these models were developed in patients receiving therapeutic doses of
anticoagulation (and not prophylactic) and the previous models developed for VTE patient
populations did not fully translate t@ncer patients, it is possible that these newer models may
also not be suitable. Due to the lack of a validated and reliable bleeding risk model, current
guidelines do not recommend a specific bleeding risk assessment tool, underscoring an important
evidence gap.

In hopes of improving VTE and bleeding prediction in ambulatory patients with cancer
and thromboprophylaxis decisinaking, in this study, we trained machine learning models in
ambulatory patients with cancer starting chemotherapy. In the machine leaodets, we
incorporated biomarkers and genetic variables, given previous evidence supporting their use in
prediction of VTE and bleeding outcomes in patients with calt@@£!4%42 Biomarkers may
serve as indicators of the preclinical phase of VTE or bleeding events in patients at risk,
potentially allowing to determine higtisk patients before the onset of outcomes. Similarly,

genes involved in inherited thrombophilia, which affesagulation, may be valuable predictors
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given their strong association with coagulability outcomes anditwaiant influence on the

development of VTE or bleeding.

6.3 Methods

The Ottawa Health Science Network Research Ethics Board has reviewed and approved this
study (202402901H). This article was developed following the guidelines outlined by the
EQUATOR Network for reporting machine learning predictive models in biomedisaarch

and the TRIPOD+AI guidelings:*4

Study design and setting

We developed machine learning models using data from the Apixaban to Prevent Venous
Thromboembolism in Cancer (AVERT) trigh The AVERT trial was a multicenter, randomized,
doubleblinded, placebaontrolled trial comparing the efficacy of apixaban vs placebo for
preventing VTE in ambulatory patients with cancer starting chemotherapy. A total of 574 patients
were enrolled in thAVERT trial between February 2014 to April 2018 from 13 Canadian
hospitals.The AVERT trial enrolled adult patients {8 years oldwith newly diagnosed or
progressive cancer with a Khorana score of 2 or more who were starting chemoti@epy.
exclusion criteria for the AVERT trial includeghatients with a diagnosis of acute leukemia,
myeloproliferative neoplasms, basalll or squamousell skin carcinoma (as the only cancer

di agnosi s), hepatic di sease associated with
risk for clinically significant bleeding; patients with a planned stl transplantation, life
expectancy less han 6 months, renal insufficiency (glomerular filtration rate of less than 30ml per
minute per 1.73/of body surface area), a weight less than 40kg or platelet count less than 50,000
per cubic millimeter, patients who were already on anticoagulation, pregnant and breast feeding.

Outcome and predictor variables

The outcomes we used in this analysis were first VTE and bleeding events occurring within 7
months after enroliment. VTE was defined as objectively confirmed symptomatic or incidentally
detected thromboembolic events, including proximal or distal lowepper limb deep vein

thrombosis (DVT), pulmonary embolism (PE), splanchnic or cerebral vein thrombosis occurring
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within 7 months following enrollment. Routine ultrasounds were not performed; only patients
who presented with symptoms of VTE underwent imaging for outcome assessment. Clinically
relevant bleeding was defined as the composite of major bleeding andllgliretavant

nonmajor bleeding (CRNMB) (both defined using the International Society on Thrombosis and
Haemostasis definitions) evetft$®. During the AVERT trial, all outcomes were adjudicated by

a outcome adjudication committee blinded to treatment assignment.

As predictor variables, we included any available baseline variables commonly known as
potential risk factors for VTE or clinically relevant bleeding events. The predictor variables
included a combination of demographic, clinical and laboratory variaiktestull list of
variables is reported in Supplementary Table 1 and defined in Supplementary Table 2. We
combined cancer type and cancer stage into advanced solid (i.e., stage 3 clad),ammed
solid (i.e., stage 1 or 2) and hematological cancer depdrsity of certain cancer types and to
avoid potential collinearity between cancer types and stages. Additionallyriskgh
antimetabolites use was considered present if a patient received capecitabine, fluorouracil or
gemcitabine as part of their chetinerapy regimen agents thought to be associated with
increased VTE risk and absent if none of these were used. All demographic and clinical data, as
well as routine laboratory data were collected during the AVERT trial. Additional biomarkers
not curremly available in routine clinical practice were measured using the AVERT baseline
samples stored for secondary use research. The laboratory methods/assays for these variables are

described in their respective article and summarized in Supplementary Table 2

Statistical Analysis
We assessed patient characteristics and laboratory biomarker levels using descriptive statistics
and histograms. Biomarkers which were right skewed wergrdogformed, and thereatfter, all
continuous variables were standardized by subtracting the meaivatdg by the standard
deviation (SD). Missing data was imputed using single imputation predictive mean matching. To
assess the robustness of the results, we performed a sensitivity analysis using a second
imputation dataset. No formal sample size dalion was performed for this study since the
current study relied on data that had already been collected.

We compared two modeling strategies: logistic regression with L1/LASSO regularization

and extreme gradient boosting (XGBoost). Logistic regression with L1 regularization is a
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method that penalizes coefficient estimates and effectively shrinks coefficients estimates of less
important variables toward zero, thereby performing variable selection. On the other hand,
XGBoost is an ensemble learning method that sequentially corssérgeties of decision trees

(for regression or classification) using gradient boosting, where each tree is built iteratively to
correct the errors made by the previous ones. XGBoost is known as a dominant machine learning
algorithm given its ability to icorporate regularization and capture important interactions, all

while being highly efficient and flexible. A logistic regression with L1 regularization model was
developed for each outcome (i.e., VTE and clinically relevant bleeding), while two XGBoost
models were constructed for each outcome: one using all available biomarker/genetic predictors
and another incorporating only predictors routinely measured as part of standard practice.

We performedstratified5-fold cross validation to determine the optimal penalty term for
logistic regression with L1 regularization and hyperparameters (i.e., boosting iterations, learning
rate, gamma, lambda, alpha, tree depth, instance weight sum and percentage of rows and
columns used for tree construction) for XGBoS8sratification ensured that the proportion of
events was similar across foldghe models with the best performance were selected as the final
models. The final models were compared amdrnally validated usingtandardootstrap
validation and optimisradjusted performance measures, including area under the ROC curve
(AUC), PrecisiorRecall AUC (PRAUC), Log loss and Brier scores. We also reported optimism
adjusted sensitivity, specificity, negative predictive value (NPV) andip®gredictive value
(PPV) using a predicted risk threshold of 10%, chosen based on the ESMO guidelines, which
suggests 80% as a threshold for discussing thromboprophyfExX@nsecutively, optimism
adjusted confusion matrix measures were calculated for increasing predicted risk thresholds (i.e.,
15% and 20%) and we estimated the predicted risk threshold, specificity, NPV and PPV when
the model sensitivity was set at 80% toilitate comparability. Moreover, we assessed model
calibration using a calibration slope, which was determined using a regression slope of the
smoothed observed vs predicted probabilities. Lastly, to improve model explainability, we
determined the Odds Ra (OR) for the most important features in the logistic regression models
and generated Shapley Additive exPlanations (SHAP) value plots for the XGBoost models. All
analyses were conducted using R Studio (R Foundation for Statistical Computing, R Gore Tea
(2024) Vienna, Austria) and tligmnet?®4°xgboost® andboof!>?R packages.
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6.4 Results

514 of 574 AVERT triapatients consented to providing blood samples for secondary use
research. Patients who did not consent to secondary use research were excluded (n=60). The
mean age was 61.2 (+ 12.0) and 58% were female (Table 1). A total of 258 (50%) were patients
randomizd to apixaban. The most common primary cancer sites were gynecologic (27%),
lymphoma (25%), pancreatic (13%) and gastrointestinal (11%) (Table 1). Most patients had
advanced cancer (81%) (Table 1). During thmahth followup, 27.0%, 23.4%, 6.4% and 2.3%
patients underwent targeted therapy, radiotherapy, hormonal therapy and surgery, respectively.
During the median followup of 196 days, the VTE and clinically relevant bleeding incidence
rates were 8.4% (n=43) and 9.0% (n=46), respectively. The majbMy® events were lower
extremity DVT (n=15), upper extremity DVT (n=9) and/or PE (n=15), with two patients
experiencing combined DVT and PE, and two splanchnic vein thrombosis. Out of the 46
clinically relevant bleeding events, 11 were major bleeding3adnagere CRNMB. The

proportion of missing data ranged from 1.6% to 16.1% (Table 1).

Three models were developed for both VTE and clinically relevant bleeding events:
logistic regression with L1 regularization, XGBoost using all available variables (Model A) and
XGBoost using only variables measured as part of standard practice (Modiabk)2 and 3
presents the optimisiadjusted performance and accuracy measures for the different VTE and
bleeding models. For the VTE outcome, the XGBoost Model A achieved the highest
discrimination (optimisradjusted AUC: 0.91 [95% CI: 0.8595] and PRAW: 0.70 [95% CI:
0.550.78]) and had the lowest Log loss and Brier score (optiradjusted Log loss: 0.23 [95%

Cl: 0.200.27] and Brier score: 0.06 [95% CI: 0-098]), indicating better calibration (Table 2).
Using a predicted threshold of 10%, the opsimadjusted sensitivity, specificity, NPV and PPV
of the XGBoost Model A were 91%, 67%, 99% and 14%, respectively (Table 3). As expected,
with increasing values of predicted risk thresholds, the sensitivity decreased and specificity
increased (Table 2t a sensitivity of 80%, this model had a specificity of 93%, an NPV of 98%
and a PPV of 51%, at a predicted risk threshold of {$&pplemental Table 3)

For the clinically relevant bleeding outcome, the XGBoost Model A also had the best
performance with the highest discrimination (optimiadjusted AUC: 0.90 [95% CI: 0.88%93]
and PRAUC: 0.70 [95% CI: 0.58.78]) and lowest Log loss and Brier score (mdim-adjusted
Log loss: 0.27 [95% CI: 0.28.30] and Brier sc’ogzrg: 0.08 [95% CI: 0-089]) (Table 2).



However, notably, the performance measures of the XGBoost Model B were close to that of
XGBoost Model A. The optimismadjusted AUC, PRAUC, Log loss and Brier score for the
XGBoost Model B were 0.88 (95% CI: 0-8491), 0.54 (95% CI: 0.38.64), 0.26 (95% C
0.220.30) and 0.08 (95% CI: 0.6B09), respectively (Table 2). At a sensitivity of 80%, the
XGBoost Model A had a specificity of 90%, an NPV of 98% and a PPV of 45% whereas the
XGBoost Model B had a specificity of 84%, NPV of 98% and PPV of 83&ppkemental Table
3). Our sensitivity analyses using a second imputed dataset revealed similar performance
measures for all six models (Supplementary Tdhle

A calibration plot was generated for both XGBoost models (Model A and Model B) to
assess calibration for both outcomes (Figure 1). All four models had good calibration at lower
levels of observed vs predicted probabilities (approximately 0 to 30%), Glbwwar agreement
for higher predicted probabilities, likely due to limited patients with high predicted probabilities.

The most important variables with naero coefficients in the logistic regression model
for VTE included factor V Leiden (FVL) mutation (OR: 3.40), gastric or pancreatic cancer
(1.96), use of topoisomerase inhibitors (OR: 1.56), apixaban use (OR:exFagellular
vesicles (EV) procoagulant activity (OR: 1.09) andicher (1.06). For clinically relevant
bleeding, the important variables wergdactive protein (CRP) (OR: 1.20), apixaban use (OR:
1.18), GX-C motif chemokine ligand 12 (also known ashemokine that regulates tissue
hemostasis and inflammatory responses) (OR: 1.07), F11 gene mutation (OR: 1.06) and
hemoglobin (OR: 0.95). For the XGBoost models, the most important variables are summarized
using SHAP value plots in decreasing order of ingooce (Supplementary Figurestl The
features with the highest average SHAP impact included FVL, use of topoisomerase inhibitors,
apixaban use, gastric or pancreatic cancer, hemoglobin anddmgltivity troponin T (hdnT)
for VTE and,extracellulavesicles (EVjprocoagulant activity, Nerminal preB-type natriuretic
peptide (NFproBNP), CGreactive protein (CRP), age, body mass index (BMI) and platelet and

white blood counts for clinically relevant bleeding.

6.5 Discussion

In ambulatory patients with cancer, the decision to initiate primary thromboprophylaxis is
complex and further complicated by the risk of anticoagtrielated clinically relevant bleeding.
To aid in this decisioimaking, we trained and internally validdteachine learning models to
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predict the risks of both VTE and clinically relevant bleeding events in ambulatory patients with
cancer and a Khorana score of 2 or more using the AVERT patient cohort. For both outcomes,
the XGBoost model incorporating all variables including biomarketsurrently measured in
routine clinical practice and genetic variables (model A) had the highest discriminatory
performance. However, the XGBoost model based solely on variables available in routine
practice (model B) showed similar performance forgtesliction of clinically relevant bleeding.
Key VTE predictors that appeared as important variables inclededuse of topoisomerase
inhibitors, apixaban use, gastric or pancreatic cancer, hemoglobin-dmd hehereas top
predictors for bleeding events included{pxbcoagulant activity, N‘proBNP, CRP, platelet and
white blood counts.

These results highlight the potential of machine learning models to refine risk prediction
of VTE and clinically relevant bleeding in patients with cancer. Our models, particularly Model
A, achieved impressive optimisadjusted performance measures, ssspay the performance
measures of existing risk models in ambulatory cancer patients. In particular, previous studies
using machine learning algorithms to predict VTE in ambulatory patients with cancer had AUCs
ranging from 0.68 to 0.84and existing risk scores (i.e., Khorana score, VIENNA CATS,
Protecht, Conko, Onkotev, COMPASSAT, ONCOTHROMB and a EHftegrated score) had
AUCs predominantly ranging from 0.50 to 0.5749.26:28,30.5858 Notably, both of our XGBoost
bleeding machine learning models had greater AUCs (i.e., 0.90 and 0.88) than existing bleeding
risk models, which were approximately 0.56 when validated in patients with Gafter low
performance of these other bleeding risk models may be explained by the fact that many were
derived to predict major bleeding events specifically, and were often derived in other patient
populations distinct from those with cancer, including idimls with atrial fibrillation, non
cancer patients with VTE or those receiving different oral anticoagulant dosing regi#€ns.
Thus, to our knowledge, we are the first to develop and internally validate machine learning
bleeding risk models specifically for cancer patients initiating chemotherapy who have not yet
had a VTE event, offering a more tailored approach to managingskhef bleeding in this
patient population.

Our results also highlight the value of incorporating genetic anestamard biomarker
data not yet available in routine practice into prediction models to improve accuracy, as

evidenced by the higher overall predictive performance of the XGBoost Maxtehpared to
324



XGBoost Model B, though this was more prominent for VTE. This is consistent with previous
studies which have incorporated genetic and/or biomarker data with clinical data to improve the
prediction of VTE in patients with cancép:2921.4%42\We found that biomarkers such as FVL,
hsTnT, active plasminogen activator inhibitor (RA), EV-procoagulant activity anddimer

were amongst the top VTE predictors included in the final model. While the mechanisms and
predictive ability of FVL, PAILl, EV-procoagulant activity andimer are weH

established?>962 the association between the risk of VTE anel'h3 in patients with cancer is

more novel and warrants further investigation. Additionally, clinical variables such as gastric and
pancreatic cancer, and the use of topoisomerase inhibitors and apixaban commonly appeared as
important variables in all three \ETmodels. In contrast, biomarkers that were amongst the top
bleeding predictors in the final XGBoost Model A included-g\coagulant activity, NT

proBNP, and CRP, fdimer. However, since biomarkers for predicting bleeding events in

patients with cancer kia been far less explored, the clinical relevance and mechanisms behind
these predictors require additional research. The important clinical predictors for clinically
relevant bleeding identified in the models (i.e., BMI, age, platelet and white blootscatm
supported by the literature as predictors of bleeding events in patients with ¥&aéer.

The machine learning models developed in this study may have clinical implications to
help determine a patientds risk of VTE and cl
clinical practice would require external validation. Future work shfmdds on further
validation and potential refinement of these models to ensure they are applicable to a broader
cancer patient population. Our models also provide a unique approach to estimating the risk of
VTE and clinically relevant bleeding since welirsed a variable for patients randomized to the
apixaban group during the AVERT trial. Thus, with our models, one could estimate the risk of
VTE and clinically relevant bleeding should they receive apixaban, offering personalized
decision support for anti@gulation therapy. Ultimately, these models could help guide
clinicians in making more informed decisions about primary thromboprophylaxis, if proven
accurate in external validation studies.

A major strength of this study is that we addressed some of the shortcomings identified in
other machine learning studies, including clearly defining the fellpvperiod, the timing of
model acquisition, assessing for collinearity and using imputationadetnstead of excluding

missing datd® Nevertheless, the study has some limitations. First, the relatively modest sample
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size may limit the robustness of the machine learning models, as larger datasets are often
recommended. Additionally, the models were developed using patients with a Khorana score of
2 or more, which may limit the generalizability of our results to alteapatients. Thirdly, we
observed poor calibration at higher predicted risk thresholds (e.g., >35%), reducing the reliability
of the models in estimating the true risk for the Vagh-risk patients. However, since anl8%
threshold has historically beeuggested for consideration of thromboprophyl&xikis may be
of less concern. Moreover, external validation will be needed for further validation of the
models. Finally, while the XGBoost Model A for both outcomes demonstrated high
discriminatory performance, its practicality in clinical practice malirbig¢ed by the fact that it
incorporated predictors that are not routinely measured in clinical practice. An alternative would
be to use the XGBoost Models B, which may be suitable for predicting clinically relevant
bleeding as the performance of the maedenained high albeit less accurate for predicting VTE.

In conclusion, we developed and internally validated machine learning models to predict
the risk of VTE and clinically relevant bleeding events in ambulatory cancer patients with a
Khorana score of 2 or higher. Some genetic and biomarkers, which aret avtilable in
routine clinical practice,id help to improve the prediction of the models. If proven accurate in
external validation studies, these models may help clinicians in making informed decisions about

primary thromboprophylaxis.
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Tablel. Patient characteristics and laboratory variables overall and by outcome

Clinically Relevant

VIE Bleeding
Variable Overall No Yes No Yes
(N=514) (N=471) (N=43) (N=468) (N=46)

Age, years

Mean (SD) 61.2 (+12.0 61.1 (+ 12.1) 62.4 (+ 11.1) 61.3 (+ 11.8) 60.5 (+ 14.7

Median (minmax) 62.0 (21.06 62.0(21.0 64.0(25.0 62.0(21.00 62.5(26.0

88.0) 88.0) 80.0) 88.0) 85.0)

Sex

Female 299 (58 %) 276 (59 %) 23 (53 %) 268 (57 %) 31 (67 %)

Male 215 (42 %) 195 (41 %) 20 (47 %) 200 (43 %) 15 (33 %)
BMI, kg/m?

Mean (SD) 29.4 (+7.5) 29.4(+7.5) 29.4(+7.4) 29.4(+7.3) 29.8(+9.1)

Median (minmax) 27.7(16.4 27.7(16.4 275(189 27.7(16.8 27.7(16.4

59.8) 59.8) 55.4) 59.8) 53.5)

Apixaban Use

Yes 258 (50 %) 245 (52 %) 13(30%) 228 (49 %) 30 (65 %)

No 256 (50 %) 226 (48 %) 30 (70%) 240 (51%) 16 (35 %)
NSAID Use

Yes 80 (16 %) 74(16%) 6(14%) 70(15%) 10 (22 %)

No 434 (84 %) 397 (84%) 37 (86%) 398 (85%) 36 (78 %)
Antiplatelet Use

Yes 107 (21 %) 100 (21%) 7 (16%) 97 (21%) 10 (22 %)

No 407 (79 %) 371(79%) 36 (84 %) 371 (79%) 36 (78 %)
Previous VTE

Yes 16 (3 %) 13 (3 %) 3 (7 %) 14 (3 %) 2 (4 %)
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Clinically Relevant

VIE Bleeding
Variable Overall No Yes No Yes
(N=514)  (N=471) (N=43) (N=468) (N=46)
No 498 (97 %) 458 (97 %) 40 (93 %) 454 (97 %) 44 (96 %)
Primary Cancer
Brain 22 (4%) 19 (4 %) 3 (7 %) 21 (4 %) 1 (2 %)
Breast 17 (3%) 17 (4 %) 0 (0 %) 16 (3 %) 1 (2 %)
Gastrointestinal 50 (11%) 50(11%) 9(21%) 54(12%) 5 (11 %)
Gynecologic 138 (27 %) 130 (28 %) 8 (19%) 121 (26 %) 17 (37 %)
Hematological 17 (3 %) 17 (4 %) 0 (0 %) 16 (3 %) 1(2 %)
Lung 51 (10%) 51(11%) 0(0%) 49(10%) 2 (4 %)
Lymphoma 131 (25 %) 123 (26 %) 8 (19%) 119 (25%) 12 (26 %)
Other 12 (2 %) 9 (2 %) 3 (7 %) 11 (2 %) 1 (2 %)
Pancreas 67 (13%) 55(12%) 12(28%) 61(13%) 6 (13 %)
Advancedcancer
No 55(11%) 50(11%) 5(12%) 54(12%) 1(2%)
Yes 416 (81 %) 384 (82 %) 32 (74%) 375(80%) 41 (89 %)
Missing 43 (8.4%) 37 (7.9%) 6 (14.0%) 39 (8.3%) 4 (8.7%)
Khorana Score
2 338 (66 %) 315(67 %) 23 (53%) 308(66 %) 30 (65 %)
3 135 (26 %) 120 (25 %) 15 (35%) 124 (26 %) 11 (24 %)
4 41 (8%) 36(8%) 5(12%) 36(8%)  5(11 %)
Platinumbased
chemotherapy
No 252 (49 %) 234 (50 %) 18 (42 %) 229 (49 %) 23 (50 %)
Yes 262 (51 %) 237 (50%) 25(58%) 239 (51%) 23 (50 %)
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Clinically Relevant

VIE Bleeding
Variable Overall No Yes No Yes
(N=514) (N=471) (N=43) (N=468) (N=46)
Taxanebased
chemotherapy
No 326 (63 %) 295 (63 %) 31(72%) 299 (64 %) 27 (59 %)
Yes 188 (37 %) 176 (37 %) 12 (28 %) 169 (36 %) 19 (41 %)
Anthracyclinebased
chemotherapy
No 407 (79 %) 373 (79%) 34 (79%) 373(80%) 34 (74 %)
Yes 107 (21%) 98(21%) 9(21%) 95(20%) 12 (26 %)
Topoisomeraseased
chemotherapy
No 458 (89 %) 426 (90 %) 32 (74 %) 414 (88 %) 44 (96 %)
Yes 56 (11 %) 45(10%) 11(26%) 54(12%) 2 (4 %)
High-risk
antimetabolites
No 372 (72 %) 351 (75%) 21 (49%) 340 (73%) 32 (70 %)
Yes 142 (28 %) 120 (25 %) 22 (51%) 128 (27 %) 14 (30 %)
ABO gene
Non-O blood type 270 (53 %) 240 (51 %) 30 (70 %) 249 (53 %) 21 (46 %)
O blood type 175 (34 %) 166 (35%) 9 (21%) 160 (34 %) 15 (33 %)
Missing 69 (13.4%) 65 (13.8%) 4 (9.3%) 59 (12.6%) 10 (21.7%)
F5 gene, FVL
Mutated 204%) 13(3%) 7(16%) 20 (4 %) 0 (0 %)
Normal 426 (83 %) 394 (84 %) 32 (74%) 390 (83 %) 36 (78 %)
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Clinically Relevant

VIE Bleeding
Variable Overall No Yes No Yes
(N=514)  (N=471) (N=43) (N=468) (N=46)

Missing 68 (13.2%) 64 (13.6%) 4 (9.3%) 58 (12.4%) 10 (21.7%)
F13 gene

Mutated 194 (38 %) 178 (38%) 16 (37 %) 177 (38%) 17 (37 %)

Normal 251 (49 %) 229 (49 %) 22 (51%) 232 (50%) 19 (41 %)

Missing 69(13.4%) 64 (13.6%) 5 (11.6%) 59 (12.6%) 10 (21.7%)
F5 gene, K858R

Mutated 199 (39 %) 183 (39 %) 16 (37 %) 184 (39 %) 15 (33 %)

Normal 248 (48 %) 225 (48 %) 23 (53%) 227 (49 %) 21 (46 %)

Missing 67 (13.0%) 63 (13.4%) 4(9.3%) 57(12.2%) 10 (21.7%)
SERPINA1O gene

Mutated 3 (1 %) 3 (1 %) 0 (0 %) 3 (1 %) 0 (0 %)

Normal 443 (86 %) 404 (86 %) 39 (91 %) 407 (87 %) 36 (78 %)

Missing 68 (13.2%) 64 (13.6%) 4 (9.3%) 58 (12.4%) 10 (21.7%)
FGG gene

Mutated 183 (36 %) 169 (36 %) 14 (33%) 165 (35%) 18 (39 %)

Normal 259 (50 %) 235 (50 %) 24 (56 %) 241 (51%) 18 (39 %)

Missing 72 (14.0%) 67 (14.2%) 5 (11.6%) 62 (13.2%) 10 (21.7%)
F11 gene

Mutated 339 (66 %) 307 (65%) 32 (74%) 309 (66 %) 30 (65 %)

Normal 108 (21 %) 101 (21%) 7 (16%) 102 (22%) 6 (13 %)

Missing 67 (13.0%) 63 (13.4%) 4(9.3%) 57 (12.2%) 10 (21.7%)

F2 gene, Prothrombi
G20210A
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Clinically Relevant

VTE
Bleeding
_ Overall No Yes No Yes
Variable
(N=514) (N=471) (N=43) (N=468) (N=46)
Mutated 9 (2 %) 8 (2 %) 1 (2 %) 9 (2 %) 0 (0 %)
Normal 438 (85 %) 400 (85%) 38(88%) 402 (86%) 36 (78 %)
Missing 67 (13.0%) 63(13.4%) 4(9.3%) 57 (12.2%) 10 (21.7%)
Platelet Count, x
10°/L
Mean (SD) 320 (£ 134) 320 (+134) 320 (£ 137) 317 (£ 129) 354 (£ 175)
. . 313 (70.6  315(70.6 292(99.6 309 (70.6 354 (130
Median (mirmax)
1020) 1020) 716) 809) 1020)
Hemoglobin, g/L
Mean (SD) 119 (£ 20) 119 (£ 19.3) 120 (+ 26.8) 120 (+ 20.1) 112 (x 17.6)
_ _ 119 (13.6 119(756 124 (13.0 120(13.6 113(81.0
Median (mirmax)
182) 182) 161) 182) 156)
Missing 1 (0.2%) 1 (0.2%) 0 (0%) 1 (0.2%) 0 (0%)
White Blood Count, x
10°/L
Mean (SD) 13.2 (£ 23.2, 13.6 (£ 24.2) 9.5(x3.5) 13.0(x22.8)15.2 (+ 27.7

Median (minmax) 9.0 (1.0243) 9.0 (2.6243) 9.0 (1.018.0) 9.0 (1.0243) 8.8 (4.0186)

CrCl, mL/min
Mean (SD) 107 (£ 43.0) 107 (£ 42.9) 107 (x 45.3) 107 (+ 42.8) 108 (+ 46.0)
_ _ 99.0(36.6 99.0(36.6 97.0(50.00 99.0(36.0 105 (39.0
Median (mirmax)
281) 266) 281) 281) 215)
FXla-C1, nM
Mean (SD) 10(x13) 10(x13) 10(x12) 10(x13) 09(x0.8
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Clinically Relevant

VTE
Bleeding
_ Overall No Yes No Yes
Variable
(N=514) (N=471) (N=43) (N=468) (N=46)
_ _ 0.7 (0.02 0.7 (0.02 0.7 (0.0, 0.7(0.01, 0.7(0.03
Median (mirmax)
14.4) 14.4) 6.9) 14.4) 3.0)
Missing 32 (6.2%) 29 (6.2%) 3 (7.0%) 27 (5.8%) 5 (10.9%)
aPAI1, U/mL
Mean (SD) 10.7 (x 15.6, 11.0 (+x 16.0) 7.6 (x9.5) 10.9 (+16.0) 8.7 (x 10.0)

Median (mirmax)

Missing

5.4 (0.4100) 5.4 (0.4 100)

40 (7.8%)

37 (7.9%)

4.2 (0.7
5.4)

3 (7.0%)

5.2 (0.5100) 6.5(0.4-47.3)

35 (7.5%)

5 (10.9%)

sPselectin, ng/mL

Mean (SD) 39.7 (x18.0 39.7 (= 17.7) 40.1 (£ 20.7, 39.8 (£ 18.3) 39.4 (£ 14.9
_ _ 37.4 (2.3 37.4 (2.3 36.8 (3.7 37.4 (2.3 38.2 (3.0
Median (mirmax)
312) 312) 141) 312) 93.0)
Missing 34 (6.6%) 31 (6.6%) 3 (7.0%) 28 (6.0%) 6 (13.0%)
D-dimer, ug/mL
Mean (SD) 23(x38) 22(x36) 36(x53) 22(x36) 3.2(x5.0)
. . 1.0 (0.2 1.0 (0.2 1.6(0.2 1.0 (0.2 1.4 (0.3
Median (mirmax)
20.1) 20.1) 20.1) 20.1) 20.1)
Missing 8 (1.6%) 7 (1.5%) 1(2.3%) 7 (1.5%) 1(2.2%)
CRP, mg/dL
Mean (SD) 26((x43) 25(x42) 31(x51) 25(x4.4) 35(x3.6)
_ _ 0.7 (0.3 0.7(0.3 0.6 (0.3 2.2 (0.3
Median (mirmax) 0.7 (0.332.7)
32.7) 27.0) 32.7) 14.7)
Missing 17 (3.3%) 17 (3.6%) 0 (0%) 15 (3.2%) 2 (4.3%)
HGH, ng/mL
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Clinically Relevant
VTE

Bleeding
_ Overall No Yes No Yes
Variable
(N=514) (N=471) (N=43) (N=468) (N=46)
1150 (£ 1110 (£ 1610 (£ 1120 (£ 1460 (+
Mean (SD)
1780) 1760) 1940) 1750) 2030)
_ _ 508 (29.9 493(29.9 891(29.9 502(29.9 611(29.9
Median (mirmax)
12400) 12400) 7470) 12400) 10600)
Missing 32 (6.2%) 28 (5.9%) 4 (9.3%) 29 (6.2%) 3 (6.5%)

NT-proBNP, pg/mL

Mean (SD) 237 (+ 459) 240 (+ 474) 206 (+ 238) 225 (+ 454) 363 (+ 492)

118 (359 117(359 124(359 116(35.9 157 (35.9

Median (mirmax)
6310) 6310) 1210) 6310) 2060)

Missing 31(6.0%) 27 (5.7%) 4(9.3%) 28 (6.0%) 3 (6.5%)

hsTnT, pg/mL
10.2(x8.8) 9.8(x7.6) 13.8(x16.7, 10.2(x9.0) 9.9 (x6.9)

7.0 (5.9 7.0 (5.9 7.5 (5.9 7.1 (5.9 6.9 (5.9

Mean (SD)

Median (mirmax)
92.3) 92.3) 85.6) 92.3) 38.2)
Missing 56 (10.9%) 52 (11.0%) 4(9.3%) 53(11.3%) 3 (6.5%)
TSH, ulU/mL
Mean (SD) 14(x20) 15(x21) 13(0.7) 14(x16) 21(x4.4)
_ _ .0(0.2 1.0 (0. 1.1 (0.2
Median (mirmax) 1.0 (0.2 1.2 (0.2 3.0)
28.8) 18.8) 28.8)
28.8)
Missing 31(6.0%) 27 (5.7%) 4 (9.3%) 28 (6.0%) 3 (6.5%)

GDF15, pg/mL
1510 (+ 1490 (+ 1760 (+ 1490 (+ 1700 (+

1140) 1120) 1290) 1110) 1390)
33¢
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Clinically Relevant
VTE

Bleeding

Overall No Yes No Yes
(N=514) (N=471) (N=43) (N=468) (N=46)
1130 (283 1110(283 1360 (407 1120(283 1200 (407

Variable

Median (mirmax)

6000) 6000) 6000) 6000) 6000)
Missing 28 (5.4%) 26 (5.5%) 2 (4.7%) 25(5.3%) 3 (6.5%)
CXCL-12, pg/mL
Mean (SD) 1590 (+ 457" 1590 (+ 462) 1600 (+ 414’ 1580 (+ 453) 1730 (+ 480

_ _ 1580 (408 1580 (408 1600 (776 1570 (408 1670 (979
Median (mirmax)

3290) 3290) 2460) 3290) 2860)
Missing 83 (16.1%) 78 (16.6%) 5 (11.6%) 77 (16.5%) 6 (13.0%)
Microparticles, nM
Mean (SD) 13.5 (£ 13.7) 13.3 (+ 13.9) 15.5 (+ 12.0 13.2 (+ 13.0) 16.5 (+ 20.4’

9.4(0.0t 9.3(0.0r 12.7(277 95(0.0% 9.2(0.0%
105) 105) 56.5) 95.9) 105)

Missing 61 (11.9%) 59(12.5%) 2 (4.7%) 52 (11.1%) 9 (19.6%)

Median (mirmax)

Abbreviations: aPAI-1: active plasminogen activator inhibkbBMI: body mass indexCrCl:
creatinine clearance; CRP:r€active proteinCXCL-12: GX-C motif chemokine ligand 1E2:
prothrombin genel=5: coagulation factor V gen&13: coagulation factor Xl gen&11.:
coagulation factor XI gen&GG: fibrinogen gamma chain gert&la-C1: activated factor Xl
antithrombin complexGGDF15: growth differentiation factor 15 GH: human growth hormone;
hsTnT: high-sensitivity troponin TNSAID: nonsteroidal antinflammatory drugNT-proBNP:
N-terminal pré B-type natriuretic peptideSD: standard deviatioiSERPINA1O: serpin family A
member 10 genesP-selectin: soluble Belectin;TSH: thyroidstimulating homone;VTE:

venous thromboembolism.
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Table2. Optimismadjusted performance measures of the LASSO logistic regression and

XGBoost models

Model Logistic XGBoost (Model | XGBoost (Model
regression A) B)
VTE
AUROC 0.75(0.67-0.82) | 0.91 (0.860.95) 0.85 (0.810.88)
PRAUC 0.20 (0.160.33) | 0.70 (0.550.78) 0.32 (0.140.45)
Log loss 0.26 (0.210.32) | 0.23(0.200.27) 0.27 (0.230.31)
Brier score | 0.07 (0.050.09) | 0.06 (0.050.08) 0.08 (0.060.10)

Clinically Relevant Bleeding

AUROC

0.64 (0.560.72)

0.90 (0.860.93)

0.88 (0.840.91)

PRAUC

0.06 (0.000.15)

0.70 (0.560.78)

0.54 (0.380.64)

Log loss

0.31 (0.250.37)

0.27 (0.230.30)

0.26 (0.220.30)

Brier score

0.08(0.07-0.11)

0.08 (0.060.09)

0.08 (0.060.09)

Abbreviations: AUROC= Area under the receiver operating characteristic (ROC) curve;

PRAUC-= Precisiofrecall ROC curve; VTE= Venous Thromboembolism

Model- A = all baseline variables; ModelB = only variables measured during standard clinical

practice
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Table3. Optimismadjusted accuracy measures of the XGBoost models

Model

Predicted %
Threshold

Sensitivity

Specificity

NPV

PPV

VTE - XGBoost
(Model A)

0.10

0.91 (0.790.96)

0.67 (0.630.71)

0.99 (0.971.00)

0.14 (0.080.22)

0.15

0.73 (0.580.83)

0.89 (0.870.92)

0.97 (0.960.98)

0.34 (0.220.47)

0.20

0.56 (0.460.69)

0.97 (0.950.98)

0.96 (0.940.97)

0.61 (0.450.74)

VTE - XGBoost
(Model B)

0.10

0.63 (0.480.75)

0.80 (0.760.73)

0.96 (0.940.97)

0.19 (0.160.28)

0.15

0.34 (0.180.49)

0.90 (0.880.93)

0.94 (0.920.95)

0.22 (0.090.36)

0.20

0.19 (0.040.35)

0.97 (0.950.98)

0.93 (0.900.95)

0.46 (0.280.63)

Clinically Relevant
Bleeding- XGBoost
(Model A)

0.10

0.92 (0.860.97)

0.66 (0.620.70)

0.99 (0.971.00)

0.16 (0.090.24)

0.15

0.64 (0.490.75)

0.94 (0.920.96)

0.96 (0.940.98)

0.50 (0.360.62)

0.20

0.49 (0.340.63)

0.98 (0.970.99)

0.95(0.930.97)

0.77 (0.610.87)

Clinically Relevant
Bleeding- XGBoost
(Model B)

0.10

0.81 (0.680.89)

0.71 (0.670.75)

0.98 (0.960.99)

0.18 (0.160.26)

0.15

0.67 (0.520.79)

0.91 (0.880.93)

0.97 (0.950.98)

0.40 (0.280.52)

0.20

0.28(0.120.42)

0.96 (0.940.97)

0.93 (0.910.95)

0.46 (0.290.61)

Model- A = all baseline variables; ModeIB = only variables measured during standard clinical practice
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Figure 1. Smoothed calibration slope for the XGBoost models
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6.7 Appendix

Supplemental Tabld. Summary of patient characteristics and laboratory variables (imputed

and standardizediata)

Clinically Relevant
VTE .
Bleeding

No
(N=471)

Overall
(N=514)

Variable

No
(N=468)

Yes
(N=46)

Yes
(N=43)

Age?, mean (SD)

-0.02 (+ 1.00 -0.03 (+ 1.00) 0.08 (+ 0.94)

-0.01 (+ 0.99)-0.08 (+ 1.20

Sex
Female 299 (58 %) 276 (59 %) 23 (53 %) 268 (57 %) 31 (67 %)
Male 215 (42 %) 195(41 %) 20 (47 %) 200 (43%) 15 (33 %)
BMIP, mean (SD) 0.02 (+ 1.00, 0.01 (+ 1.00) 0.03 (+0.95) 0.01(x0.99) 0.03(x1.2)
Apixaban Use
Yes 258 (50 %) 245 (52 %) 13 (30 %) 228 (49 %) 30 (65 %)
No 256 (50 %) 226 (48%)  30(70%) 240 (51 %) 16 (35%)
NSAID Use
Yes 80 (16 %) 74 (16 %) 6 (14 %) 70 (15%) 10 (22 %)
No 434 (84 %) 397 (84 %) 37 (86 %) 398 (85 %) 36 (78 %)
Antiplatelet Use
Yes 107 (21 %) 100 (21 %) 7 (16 %) 97 21%) 10 (22 %)
No 407 (79 %) 371(79%) 36(84%) 371 (79%) 36 (78 %)
Previous VTE
Yes 16 (3 %) 13 (3 %) 3 (7 %) 14 (3 %) 2 (4 %)
No 498 (97 %) 458 (97 %)  40(93%) 454 (97 %) 44 (96 %)
Primary Cancer Type
Group
Non-advanced solid 63 (12 %) 56 (12 %) 7 (16 %) 62 (13 %) 1(2 %)
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Clinically Relevant

VIE Bleeding
Variable Overall No Yes No Yes
(N=514) (N=471) (N=43) (N=468) (N=46)
Advanced solid 296 (58 %) 269 (57 %) 27 (63%)  265(57 %) 31 (67 %)
Hematological 155 (30 %) 146 (31 %) 9 (21 %) 141 (30 %) 14 (30 %)
Platinumbased
chemotherapy
No 252 (49 %) 234 (50 %) 18 (42%) 229 (49 %) 23 (50 %)
Yes 262 (51 %) 237 (50 %) 25 (58 %) 239(51%) 23 (50 %)
Taxanebased
chemotherapy
No 326 (63 %) 295(63%)  31(72%) 299 (64 %) 27 (59 %)
Yes 188 (37 %) 176 (37 %)  12(28%) 169 (36 %) 19 (41 %)
Anthracyclinebased
chemotherapy
No 407 (79 %) 373 (79 %) 34 (79 %) 373 (80 %) 34(74 %)
Yes 107 (21 %) 98 (21 %) 9 (21 %) 95 (20 %) 12 (26 %)
Topoisomeraséased
chemotherapy
No 458 (89 %) 426 (90 %)  32(74%) 414 (88 %) 44 (96 %)
Yes 56 (11 %) 45 (10 %) 11 (26 %) 54 (12 %) 2 (4 %)
High-risk
antimetabolites
No 372(72%) 351 (75%)  21(49%) 340 (73%) 32 (70 %)
Yes 142 (28 %) 120 (25%) 22 (51%) 128 (27 %) 14 (30 %)
ABO gene
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Clinically Relevant

VIE Bleeding
Variable Overall No Yes No Yes
(N=514) (N=471) (N=43) (N=468) (N=46)
Non-O blood type 315 (61 %) 283 (60%)  32(74%) 286 (61 %) 29 (63 %)
O blood type 199 (39 %) 188 (40%)  11(26%) 182 (39 %) 17(37 %)
F5 gene, FVL
Mutated 21 (4 %) 14 (3 %) 7 (16 %) 20 (4 %) 1 (2 %)
Normal 493 (96 %) 457 (97 %) 36 (84%) 448 (96 %) 45 (98 %)
F13 gene
Mutated 219 (43%) 203(43%) 16(37%) 199 (43%) 20 (43 %)
Normal 295 (57 %) 268 (57 %) 27 (63%) 269 (57 %) 26 (57 %)
F5 gene, K858R
Mutated 236 (46 %) 219 (46 %) 17 (40%) 217 (46 %) 19 (41 %)
Normal 278 (54 %) 252 (54%) 26 (60%) 251 (54 %) 27 (59 %)
FGG gene
Mutated 204 (40 %) 189 (40%)  15(35%) 181 (39 %) 23 (50 %)
Normal 310 (60 %) 282 (60%)  28(65%) 287 (61%) 23 (50 %)
F11 gene
Mutated 392 (76 %) 356 (76 %)  36(84%) 352 (75%) 40 (87 %)
Normal 122 (24 %) 115 (24 %) 7 (16 %) 116 (25 %) 6 (13 %)
F2 gene, Prothrombir
G20210A
Mutated 10 (2 %) 9 (2%) 1 (2 %) 10 (2 %) 0 (0 %)
Normal 504 (98 %) 462 (98 %) 42 (98 %) 458 (98 %) 46 (100 %)

Platelet Courtf mean
D) -0.03 (+ 1.01 -0.03 (£ 1.02) -0.02 (+ 0.96) -0.05 (+ 1.01) 0.17 (+ 1.06)
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Clinically Relevant

VTE _
Bleeding
) Overall No Yes No Yes
Variable
(N=514) (N=471) (N=43) (N=468) (N=46)
Hemoglobirf, mean
(SD) -0.02 (+ 1.00 -0.02 (+x0.97) 0.04 (+1.34) 0.01(+x1.01)-0.35(=0.88
While Blood Courtt, -0.0006(x
-0.01 (£ 1.00 -0.14 (£ 0.78) -0.02 (+ 1.02) 0.10 (£ 1.13
mean (SD) 1.05)
0.005 (=
CrCP, mean (SD) 0.02 (+0.99 0.01 (+1.00) 0.04 (+0.87) 0.02 (+0.98) 1.10)
CLTP, mean (SD) 0.02(+1.02) 0.02 (+1.03) -0.06 (+ 0.91) 0.003 (+1.02 0.14 (+ 1.01
-0.0008 (+
FXla-C1°, mean (SD) 1.01) -0.002 (£ 1.01 0.009 (+ 1.00) -0.004 (+ 1.01 0.03 (£ 0.98
0.003 (x
aPAL1°, mean (SD) 1.01) 0.02 (x1.02) -0.14 (£0.89) 0.01 (£ 1.02) -0.07(x0.92,
_ -0.00005 (
sPselectiit, mean (SD 1.01) 0.01 (x0.97) -0.11(+1.39) 0.006 (x0.97,-0.06 (+ 1.33
. -0.002 (=
D-dimerP, mean (SD) 1.01) -0.03 (£ 0.99) 0.30(x1.14) -0.02(x1.00) 0.25 (x1.06
-0.008 (=
CRP’, mean (SD) 1.00) -0.02 (x0.99) 0.12 (£ 1.05) -0.05(x0.99) 0.40 (+ 1.00
0.011 (=
HGHP, mean (SD) 1.00) -0.01 (£ 1.00) 0.12 (£ 1.05) -0.009 (+1.00 0.22 (+ 1.07;
NT-proBNP’, mean  -0.005 (+
-0.01 (£ 1.00) 0.04 (£ 1.01) -0.03(x0.97) 0.23 (+x1.22
(SD) 1.00)
hsTnT°, mean(SD) -0.02 (+ 0.98 -0.04 (+ 0.94) 0.20 (+1.36) -0.03 (+0.98) 0.03 (+ 1.00
-0.003 (=
TSHP, mean (SD) 0.98) -0.01 (£ 1.00) 0.08 (£ 0.80) -0.02 (x0.97) 0.21 (+ 1.08
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Clinically Relevant
VTE _
Bleeding

Overall No Yes No Yes
(N=514) (N=471) (N=43) (N=468) (N=46)

Variable

GDF-15°, mean (SD) -0.01 (+ 1.01 -0.03 (+ 1.01) 0.21 (+0.99) -0.02 (+ 0.99) 0.07(+ 1.14)

-0.003 (+
CXCL-12% mean (SD) . 01)( -0.004 (£ 1.02 0.009 (+ 0.90) -0.03 (+ 1.01) 0.30 (+ 1.02

microparticle8, mean
(D) -0.02 (+ 1.05 -0.05 (+ 1.08) 0.31 (+0.65) -0.01 (+ 1.02)-0.66 ( 1.32

astandardized only

b log-transformed and standardized
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Supplemental Tabl. Variable definitions

Parameter Description

Sex Categorized as 1 for females and 0 for males (reference).

Age Standardized.

BMI Log-transformed and standardized.

Previous VTE Categorized as 1 when patient was diagnosed with a previous DV
PE and 0 when not diagnosed with previous DVT or PE.

Apixaban Categorized as 1 when randomized to receiving apixaban (2.5mg

po) vs 0 when randomized to receiving placebo.

Cancer Type and Stage

Categorized using two dummy variables:

- AHemat ol ogical 6: categori z
with Lymphoma, Myeloma or Leukemia and 0 when diagno
with other types of cancer.

- AAdvanced Solido: categori
diagnosed with Stage 3 or 4 solid cancer, and 0 when diag!

with hematological or Stage 1 or 2 solid cancer.

Platinumbased

Categorized as 1 when patient received cisplatin, carboplatin or

chemotherapy oxaliplatin chemotherapy and 0 when none of these chemotherap
were part of their regimen.

Taxanebased Categorized as 1 when patient received docetaxel or paclitaxel

chemotherapy chemotherapy and O when none of these chemotherapies were pa

their regimen.

Anthracyclinesbased

chemotherapy

Categorized as 1 when patient received doxorubicin or epirubicin
chemotherapy and 0 when none of these chemotherapies were pa

their regimen.

Topoismerase inhibitor

chemotherapy

Categorized as 1 when patient received irinotecan, topotecan or
etoposide chemotherapy and 0 when none of these chemotherapi

were part of their regimen.
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High-risk antimetabolites

Categorized as 1 when patient received capecitabine, fluorouracil
gemcitabine chemotherapy and 0 when none of these chemothera

were part of their regimen.

Platelet Count

Log-transformed and standardized.

Hemoglobin

standardized.

White Blood Count

Log-transformed and standardized.

Creatinine clearance

Log-transformed and standardized.

Activated factor XlaC1
inhibitor complex (FXla
C1)

Log-transformed and standardized. Measured using-aouse
sandwich ELISA. (llich et al 2020)

Plasminogen activater
inhibitor-1 (PAI-1)

Log-transformed and standardized. Measured by EL(I88lecular
Innovations, Novi, MI, USA, cat. no. HPAIKT). (llich et al 2020)

soluble Pselectin (sP

Log-transformed and standardized. Measured using a commercial

selectin) available ELISA Human Pselectin/CD62P Quantikine, R&D
Systems, Minneapolis, MN, USA; cat#DPSEQ0) (Shaw et al 2020
D-dimer Log-transformed and standardized. Measured using an

immunoturbidimetric assay (SFRiatest DDi 20; Diagnostica Stago,

Asniéres, France). (Shaw et al 2020)

C-reactive protein (CRP)

Log-transformed and standardized. Measured using a particle
enhanced immunoturbidimetric assay on Roche cobas 6000 autor

chemistry analyzer. (Not yet published)

Human Growth Hormon
(HGH)

Log-transformed and standardized. Measured using an
electrochemiluminescence immunoassay on Roche cobas 6000

automated chemistry analyzer.

N-terminal preB-type
natriuretic peptide (NT
proBNP)

Log-transformed and standardized. Measured using
electrochemiluminescence immunoassays on Roche cobas 6000

automated chemistry analyzer.

high-sensitivity Troponin
T (hsTnT)

Log-transformed and standardized. Measured using an
electrochemiluminescence immunoassay on Roche cobas 6000

automated chemistry analyzer.
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Thyroid stimulating
hormone (TSH)

Log-transformed and standardized. Measured using an
electrochemiluminescence immunoassay on Roche cobas 6000

automated chemistry analyzer.

Growth differentiation
factor (GDF15)

Log-transformed and standardized. Measured using an ELISA
immunoassay (Biotechne Quantikine GD%, R&D systems) on

Roche cobas 6000 automated chemistry analyzer.

CXC motif chemokine
ligand 12 (CXCL:12)

Standardized. Measured using ELISA (Biotechne, R&D Systems).

EV pro-coagulant

Log-transformed and standardized. Measured using a commercial

activity available assay, Zymuphen EV Rroagulant activity assay.
ABO blood type Categorized as 1 when patient had a-@oblood type (i.e., A, B or
(rs8176719) AB) and 0 when patient had a O blood type. Identified using the A

Bioscience iPlex method (Agena Bioscience, San Diego, CA, USA

according to the manuflR62ur er

Factor V Leiden gene
(rs6025)

Categorized as 1 when patient had heterozygous or homozygous
mutation and 0 when patient had wtigpe. Identified using the Ageni
Bioscience iPlex method (Agena Bioscience, San Diego, CA, USA
ng to the

accordi manuf a@Rur er

F13 gene (rs5985)

Categorized as 1 when patient had heterozygous or homozygous
mutation and 0 when patient had wtigpe. Identified using the Ageni
Bioscience iPlex method (Agena Bioscience, San Diego, CA, USA
ng to the

accordi manuf a@®Rur er

F5 K858R gene (rs4524

Categorized as 1 when patient had heterozygous or homozygous
mutation and 0 when patient had wtigpe. Identified using the Ageni
Bioscience iPlex method (Agena Bioscience, San Diego, CA, USA
ng to the

accordi manuf acur er

FGG gene (rs2066865)

Categorized as 1 when patient had heterozygous or homozygous
mutation and 0 when patient had wtigpe. Identified using the Ageni
Bioscience iPlex method (Agena Bioscience, San Diego, CA, USA
ng to the

accordi manuf a@®Rur er
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F11 gene (rs2036914)

Categorized as 1 when patient had heterozygous or homozygous
mutation and 0 when patient had wtigpe. Identified using the Ageni
Bioscience iPlex method (Agena Bioscience, San Diego, CA, USA

according to the manuf a@Rur er

Prothrombin G20210A
gene (rs1799963)

Categorized as 1 when patient had heterozygous or homozygous
mutation and 0 when patient had witlgpe. Identified using the Ageni
Bioscience iPlex method (Agena Bioscience, San Diego, CA, USA

according to the manuf acRurer
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Supplemental Tabl&. Accuracy measures of XGBoostodels when using a sensitivity of 80%

Outcome| Model Pred % Sensitivity* | Specificity NPV PPV
Threshold
XGBoost 0.16 0.80 (0.64 | 0.93(0.90 0.98 (0.96 0.51 (0.38
Model A 0.90 0.95 0.99 0.63
VTE ( ) ) ) ) )
XGBoost NA
(Model B)
XGBoost 0.13 0.80 (0.66 | 0.90 (0.87 0.98 (0.96 0.45 (0.34
_ (Model A) 0.91) 0.93) 0.99) 0.57)
Bleeding
XGBoost 0.12 0.80 (0.66 | 0.84 (0.80 0.98 (0.96 0.32 (0.24
(Model B) 0.91) 0.87) 0.99) 0.42)
*~80%
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Supplemental Tabld. Sensitivity analysis of performance measures using a second imputed

dataset

Model

LASSO

XGBoost (Model A)

XGBoost (Model B)

VTE

AUROC

0.72 (0.630.79)

0.92 (0.880.96)

0.85 (0.810.88)

PRAUC

0.17(0.07-0.30)

0.74 (0.580.83)

0.32 (0.140.45)

Log loss

0.27 (0.220.33)

0.23 (0.190.26)

0.27 (0.230.31)

Brier score

0.07 (0.060.09)

0.06 (0.050.08)

0.08 (0.060.10)

Clinically Relevant Bleeding

AUROC

0.60 (0.520.68)

0.88(0.840.91)

0.86 (0.820.90)

PRAUC

0.06 (0.020.14)

0.59 (0.430.69)

0.50 (0.330.60)

Log loss

0.31 (0.250.37)

0.27 (0.240.31)

0.26 (0.220.30)

Brier score

0.08 (0.070.11)

0.08 (0.070.10)

0.08 (0.060.09)

AUROC-= Area under theeceiver operating characteristic (ROC) curve; PRAUC= Precision

recall ROC curve

Model- A = all baseline variables; ModelB = only variables measured during standard clinical

practice
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Supplemental Figurel. SHapley Additive exPlanations (SHAP) values for predictors included
in the VTE XGBoost model A
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Supplemental Figure3. SHapley Additive exPlanations (SHAP) values for predictors included
in the bleeding XGBoost model A



Supplemental Figured. SHapley Additive exPlanations (SHAP) values for predictors included
in the bleeding XGBoost model B
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