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Summary

In this retrospective study, we investigated the influence of chemotherapy and immunotherapy on 

thromboembolic risk among United States Veterans with lung cancer during their first 6 months 

(180 days) following initiation of systemic therapy. Included patients received treatment with 

common front-line agents that were divided into four groups: chemotherapy alone, 

immunotherapy alone, combination of chemo- and immunotherapies, and molecularly targeted 

therapies (control group). The cohort experienced a 74% overall incidence of thrombosis, but the 

analysis demonstrated significantly different rates among the different groups. We explored 

models incorporating multiple confounding variables as well as the competing risk of death, and 

these results indicated that both chemo- and immunotherapies were associated with an increased 

incidence of thrombosis, either alone or combined, compared with the control group (756%, P = 

2.2 × 10−16; 10·2%, P = 2.2 × 10−16; and 7·87%, P = 2.4 × 10−14 respectively vs. 41·0%). The 

Khorana score was found to be associated with increased risk, as were vascular disease and 

metastases. We found an association between risk of thrombosis and the use of anticoagulation, 

accounting for several confounders, including history of thrombosis. Further study is warranted to 

better determine the drivers of thromboembolic risk and to identify ways to mitigate this risk for 

patients.
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Introduction

Venous thromboembolism (VTE) is a common complication of cancer.1 Incidence varies 

widely between patients with cancer and within the same patient at different time points 

during the cancer course, with an overall post-diagnosis incidence rate of 1–20%2 While 

randomised trials have shown prophylactic anticoagulation roughly halves the relative risk of 

cancer-associated VTE, the absolute risk reduction among ambulatory patients with cancer 

is relatively modest, given that the baseline VTE risk in this population is ∼1·4% in the first 

year after diagnosis.3 Bleeding complications associated with anticoagulation are more 

common in patients with cancer compared with those without cancer, and in patients at low 

risk of thromboembolism, this means that the risks of anticoagulation may exceed the 

benefits. Thus, risk stratification is an important consideration when deciding whether to 

recommend prophylactic anticoagulation in the cancer setting.

Arterial and venous thromboembolic events (TEEs) in patients with cancer are associated 

with several known risk factors such as age, type and stage of cancer, hospitalisation and 

indwelling catheters. Active chemotherapy treatment has been shown to increase the 

incidence of TEEs in patients with breast cancer4,5 and lung cancer.6,7 While cancer itself 

was associated with a 4·1-fold increase in the risk of thrombosis, the addition of 

chemotherapy increased the risk to 6·5-times the baseline level in a large population-based 

case control study over 15 years.8 Lung cancer is among the most common cancer types; an 

estimated 2·1 million new cases were diagnosed in 2018, resulting in an estimated 18 million 

deaths.9 Over half of newly diagnosed patients are considered incurable due to the presence 

of metastatic disease,10 but are eligible for systemic therapy.

Current standard of care for first-line treatment of advanced stage non-small cell lung cancer 

(NSCLC) varies depending on histology, the presence or absence of driver mutations, and 

programmed death ligand-1 (PD-L1) expression levels.11–13 Of NSCLCs 25–40% have a 

PD-L1 tumour proportional score (TPS) of ≥50%.14 Currently recommended first-line 

therapies for patients with higher PD-L1 TPS levels and without a driver mutation are either 

a single-agent checkpoint inhibitor (e.g. pembrolizumab, nivolumab) or checkpoint inhibitor 

plus pemetrexed and platinum regimen. For patients with a confirmed and actionable driver 

mutation, first-line therapy may employ molecularly targeted agents (e.g. crizotinib, 

erlotinib).

In the present large retrospective population-based cohort study, we determined the TEE 

incidence and identified associated VTE risk factors among 93 222 patients with lung cancer 

receiving systemic therapy.

Methods

Study population

We performed a retrospective cohort study of USA national health records available within 

the Veterans Health Administration’s (VA) Corporate Data Warehouse (CDW). Our VA 

CDW-derived database contains individually identifiable clinical and demographic 

information from the 1990s through to 2020 for ∼19 million individual Veterans who 
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received care provided or paid for by the VA. All work was performed under local 

Institutional Review Board (IRB) approval.

The inclusion criteria for this study were a diagnosis of a primary malignant neoplasm of the 

lung or bronchus and subsequent treatment with any of 14 systemic therapies. The specific 

chemotherapy agents studied were cisplatin, carboplatin, paclitaxel, docetaxel, pemetrexed, 

etoposide and gemcitabine, and the immunotherapy agents studied were pembrolizumab and 

nivolumab. The molecularly targeted therapies included were crizotinib, alectinib, gefitinib, 

erlotinib and afatinib. We excluded patients with a diagnosis of thrombophilia. Diagnoses 

were identified in the database using the International Statistical Classification of Diseases 

and Related Health Problems (ICD) ICD-9 or ICD-10-CM codes (Tables SI and SII), and 

therapeutic agents were identified by Current Procedural Terminology (CPT) codes and 

name using RxNorm.15 Using custom Structured Query Language (SQL) and R scripts 

(Appendix S1), 93 222 Veterans meeting these criteria were identified (Figure S1).

We divided the overall cohort into four groups based on type of systemic therapy 

administered: i) conventional chemotherapy, ii) immunotherapy, iii) combination chemo- 

and immunotherapies and iv) molecularly targeted therapy (non-chemo- non-

immunotherapy control group). Note that patients receiving sequential chemo- and 

immunotherapy were considered in the combined therapy cohort so long as both treatments 

preceded the event of interest or end of follow-up interval. Characteristics of the overall 

patient cohort are shown in Table I and Figures S2–S8.

Outcomes and covariates

Initial cancer diagnosis was defined as the first occurrence in the patient’s record of one of 

the specified lung cancer diagnoses, and elapsed time until treatment was calculated using 

the initial diagnosis date and the beginning of systemic therapy with any of this study’s 

specified agents.

Incidence of and number of days to any TEE was assessed for a 180-day period following a 

patient’s first treatment with one of the specified systemic therapies. The 1267 patients lost 

to follow-up during the study period were censored from the analyses at the time of last 

follow-up. Of the patients who did not die during the study, the average follow-up time was 

178 days.

The TEEs were defined as deep vein thrombosis (DVT), pulmonary embolism (PE), stroke, 

or myocardial infarction (MI) and identified in the database using ICD-9 or ICD-10-CM 

codes (Table SIII). In the overall analysis of TEE incidence, patients who experienced two or 

more TEEs simultaneously were counted as a single event, and for those who experienced 

multiple events at different times, only the first event was considered. Further analyses 

considered each type of TEE separately, recording the time to first occurrence of each event. 

History of prior TEE was defined as the occurrence in the patient’s record of any of the 

specified TEE diagnoses at any time before the first day of systemic therapy with any of this 

study’s specified agents. Patients who experienced a TEE on the first day of systemic 

therapy were excluded.
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We calculated the Khorana score (as per Table SIV) for prediction of VTE risk for our 

cohort.16 Pre-treatment platelet counts, haemoglobin levels, and leucocyte counts were 

extracted from the database, using the most recent value up to 90 days prior to start of 

systemic therapy. Body mass index (BMI) at the approximate time of treatment initiation 

was calculated using custom R and SQL scripts (Appendix S1). Due to incomplete records 

for Veterans treated at non-VA facilities, 25 501 patients lacked sufficient laboratory data for 

Khorana score calculation, resulting in 67 721 patients with Khorana scores. We performed 

a sensitivity analysis that indicated no impact from these missing data (Table SV).

The Charlson Comorbidity Index (CCI) score at the beginning of systemic cancer treatment 

was calculated against each patient’s full prior medical record using custom R and SQL 

scripts (Appendix S1), adapted from published methods.17–19 Diagnoses pertaining to the 

index categories and occurring before the start of cancer therapy were extracted from the 

database and scored according to the index algorithm (Table SVI).

We assessed patients’ smoking status at the time of initiation of systemic therapy using 

custom R and SQL scripts adapted from published methods (Appendix S1).20,21

We also examined the presence and effects of concurrent use of anticoagulation and aspirin 

during treatment. Anticoagulant drugs studied were warfarin, low-molecular-weight heparin, 

enoxaparin, dalteparin, apixaban, rivaroxaban, dabigatran and edoxaban (Figure S9). A 

patient was considered to be on anticoagulation or aspirin if they had a prescription filled 

within a window of 15 days prior to 180 days after the start of systemic therapy, so long as 

the prescription preceded (by at least 1 day) any diagnosed TEE while on treatment. All 

drugs were identified in the database with CPT codes or by name using RxNorm.15

Statistical analyses

Analyses were performed for overall TEE incidence, as well as for incidence of each type of 

TEE. Kaplan–Meier survival analyses were performed using the ‘survminer’ package 

(version 0·4.8)22 for R (version 4·0.2)23 and custom R and SQL scripts (Appendix S1). Risk 

was modelled using Cox proportional hazard regression (without interaction terms) 

including the following features: method of treatment (chemotherapy, immunotherapy, 

combined chemo- and immunotherapies, or non-chemo non-immunotherapy control), 

Khorana score, CCI score, prior TEE, anticoagulation or aspirin use, the time between initial 

cancer diagnosis and treatment, patient’s age at treatment, BMI, smoking status, and 

presence of comorbid conditions (metastases, pulmonary disease, congestive heart failure, 

liver disease, diabetes, and vascular disease). Further analyses were performed using the 

‘cmprsk’ (version 2·2.10)24 and ‘aod’ (version 1·3.1)25 packages, and the ‘ggplot2’ (version 

3·3.2)26 package was used for generating graphs. Cumulative probabilities of TEE and death 

during the first 180 days of systemic therapy were calculated for each treatment group using 

a competing risks framework. Fine–Gray subdistribution hazard ratios were computed for 

the covariates.27,28 We censored data according to date of last recorded clinical follow-up or 

date of death, whichever occurred first. We used the Strengthening the Reporting of 

Observational Studies in Epidemiology (STROBE) Checklist for cohort studies to ensure the 

comprehensiveness of this report (Appendix S1).29
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Results

We first studied the incidence of TEE in our cohort, stratified by type of systemic therapy 

(chemotherapy, immunotherapy, combined chemo- and immunotherapies, or non-chemo 

non-immunotherapy control). Note that the majority of events observed were PE (49·2%), 

followed by DVT (27·5%), cerebral infarction (17·3%) and acute MI (5·97%); the remaining 

events were of multiple types. We identified an overall TEE rate of 7·4% (n = 6949) within 

the first 180 days of treatment initiation. Because the majority (87·4%) of our cohort 

received only chemotherapy, the TEE rate was similar in the chemotherapy alone group 

compared to the cohort overall. A significantly higher proportion of patients receiving 

immunotherapy alone (10·2%, n = 275; P = 2.8 × 10−7) experienced a TEE, and a 

significantly lower proportion of patients receiving the non-chemo non-immunotherapy 

control agents (4·10%, n = 230; P = 2.2 × 10−16) experienced a TEE. Results for all groups 

are summarised in Table II. Using both Kaplan–Meier cumulative risk analysis and a 

competing risk analysis accounting for an observed death rate of 30·4% by 180 days, we 

noted that patients who received immunotherapy alone were not only most likely to 

experience a TEE, but that TEE in this group occurred sooner after the start of treatment 

when compared to patients receiving chemotherapy alone, combined chemo- and 

immunotherapies, or neither of these therapies (Figs 1 and 2). These results were unchanged 

when accounting for immortal time bias, measuring time from date of first diagnosis (Figure 

S10). In order to account for changes in treatment strategies over time, as our cohort 

comprises nearly three decades’ worth of data, we also repeated the analysis for subsets of 

the cohort, stratified by time of treatment, without any appreciable changes in observed risk 

(Figure S11).

We repeated these analyses for each type of TEE studied herein and note that 

immunotherapy and/or chemotherapy are associated with elevated risks of PE, DVT and 

cerebral infarction during the first 180 days of therapy (Figures S12 and S13).

While platinum-based chemotherapy agents have been shown to be more thrombogenic than 

other chemotherapy agents,30–32 we found no difference in incidence of TEE between 

chemotherapy patients who received at least one platinum-based agent compared to those 

that received no platinum-based agents during their cancer treatment (Fig 3).

A prior history of TEE elevates a patient’s risk of experiencing a TEE during systemic 

therapy33,34 and may play a role in the decision to prescribe anticoagulant or aspirin. We 

hypothesised that either or both of these factors could significantly affect observed TEE 

rates in our cohort and could be influencing the differences we observed among systemic 

treatment groups. We therefore analysed TEE in our study cohort according to prior history 

of TEE and anticoagulation or aspirin use. Surprisingly, we found that patients receiving 

anticoagulation or aspirin experienced TEE at both a higher rate and a shorter interval than 

patients who did not (Figure S14). In particular, the cohort receiving anticoagulation had a 

much higher incidence of TEE compared to those receiving aspirin. While additional 

undetermined clinical risk factors could be significantly influencing patient TEE outcomes, 

we assessed the incidence of a prior history of TEE and its influence on subsequent TEE risk 

in this context and note that it accounts for the majority of increased TEE risk. However, the 
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use of anticoagulation or aspirin does remain associated with a higher incidence of TEE (Fig 

4).

Because anticoagulation therapy carries a known risk of haemorrhage, we analysed the 

incidence of haemorrhagic events during the first 180 days of systemic cancer therapy, 

stratified by treatment group and by presence of anticoagulants or aspirin. We found that 

immunotherapy and chemotherapy were both associated with a significant increase in 

haemorrhagic events (Figure S15), as were the use of anticoagulants or aspirin (Figure S16).

To assess the relative importance of additional clinical covariates, we used a multivariate 

Cox proportional hazard model to quantify the effects of immunotherapy on patients’ risk of 

TEE (Table III). When stratifying for chemotherapy, Khorana Score, anticoagulation 

(warfarin, enoxaparin, dalteparin, apixaban, dabigatran or rivaroxaban), BMI, prior TEE 

(PE, cerebral infarction or DVT), and delay to treatment, and accounting for additional 

covariates (e.g. age, year of diagnosis, aspirin use), the overall influence of immunotherapy 

no longer appeared significant. Older age demonstrated a slight protective effect, likely due 

to a more robust underlying health of patients who could either safely delay systemic 

treatment or be considered good candidates for systemic treatment even at an advanced age.

We also used a competing risks model to determine Fine–Gray subdistribution hazards of 

TEE for the systemic treatments and covariates in consideration of the competing risk of 

death (Table IV). Treatment with chemotherapy demonstrated 1·3-times greater risk of TEE 

under this model, but the effect of treatment with immunotherapy no longer showed a 

significant effect; the hazard ratios of the covariates were similar to those developed in the 

Cox model.

Finally, in recognition of the strong effect in our study cohort of prior history of TEE on the 

risk of TEE during systemic treatment of lung cancer, we eliminated the patients who had 

experienced a TEE before beginning lung cancer therapy, resulting in a reduced cohort of 84 

496 Veterans. This change substantially reduced the cumulative risk of TEE experienced by 

the group who received immunotherapy alone; nonetheless, both chemotherapy and 

immunotherapy retained an increased risk of TEE (Fig 5).

Discussion

To the best of our knowledge, this is the largest study to date exploring thromboembolic risk 

in the setting of lung cancer, and the first to report on these risks among a cohort of USA 

Veterans. While this is also the largest study to suggest a correlation in patients with cancer 

between checkpoint inhibitor immunotherapy and increased thromboembolic risk, our 

present findings are consistent with those among other cohorts.35,36 We surprisingly found 

that patients with lung cancer on prophylactic anticoagulation or aspirin had a higher TEE 

incidence compared with those not on prophylaxis, and we speculate this counterintuitive 

finding may be due to latent clinical variables associated with a higher baseline thrombosis 

risk, in particular, but not wholly, the existence of a prior TEE.

Thromboembolic events have not been reported in phase III trials evaluating checkpoint 

inhibitors in patients with cancer, and little is known about thromboembolic risk in this 
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setting. In one secondary analysis within a prospective observational protocol of 217 

NSCLC patients treated with checkpoint inhibitors, an elevated thrombosis incidence of 

13·8% was noted.37 Other small, single institutional studies have also observed a correlation 

between checkpoint inhibitor therapy and thrombosis in patients with cancer.35,36,38 In our 

present study, we found a potential increased incidence of thromboembolic events among 

patients with lung cancer who received first-line checkpoint inhibitor monotherapy 

compared with chemotherapy either alone or combined with immunotherapy; however, these 

effects may be largely influenced by other clinical covariates. These data likely merit further 

clinical and translational studies to investigate the potential thrombogenicity of checkpoint 

inhibitors in the lung cancer setting (whether alone or in combination with chemotherapy) 

and argue for incorporating this therapeutic class into thrombosis risk models and guidelines 

for prophylactic anticoagulation.

In the present study, we also found evidence of a weak correlation between thrombosis risk 

and the Khorana score (a widely utilised VTE risk model in patients with cancer). However, 

we note that other studies have been unable to demonstrate a significant association between 

the Khorana score and VTE in patients with lung cancer.39–41 These data call into question 

the routine clinical utility of the Khorana score in the lung cancer setting.

We note differences in the overall observed TEE rates in our lung cancer cohort treated with 

systemic therapy compared to the published literature. For instance, a retrospective analysis 

of 204 patients with lung cancer treated with cisplatin-based chemotherapy, found an 11·8% 

incidence of TEE during treatment or within 4 weeks of the last treatment.30 While this 

incidence is higher than the cumulative incidence we observed (7·5%), we note this 

discrepancy could be explained by different length of observation between the two studies 

(our study only investigated events occurring within 180 days of treatment initiation) and the 

small cohort size in the prior study.

There are limitations associated with administrative databases, including numerous sources 

of possible bias and missing or inaccurate data. Additionally, while the cohort we analysed 

was national in scope, it is most reflective of the USA Veteran population, and therefore 

contains relatively few women. We also acknowledge that many Veterans receive a portion 

of their care outside of the VA system and that this could have been a source of missing data 

in the present study. Moreover, we did not explicitly study the influence of initial disease 

staging, prior cancer therapies including surgery or radiotherapy, potentially relevant 

laboratory results such as D-dimer, family history of VTE, or non-prescription medications. 

The use of molecularly targeted therapy as a control cohort also invites the potential 

confounder of differential tumour biology. We only analysed the impact of clinical 

predictors at the time of treatment initiation and did not assess risk factors that may have 

arisen later in the treatment course. Finally, we confined analysis to lung cancers, as they are 

known to be at increased risk for TEEs compared to most other malignancies16 and did not 

discriminate between lung cancer subtypes (e.g. adenocarcinoma vs. small cell).

In conclusion, given the continued high rate of TEEs in lung cancer and the increased risks 

associated with chemotherapy and immunotherapy, future thromboprophylaxis risk-adapted 

trials in this setting may be warranted, particularly accounting for immunotherapy-based 
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treatment regimens. Until such additional data becomes available, the use of immune 

checkpoint inhibitors likely warrants particular consideration during shared clinical 

decision-making about thromboprophylaxis.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Fig 1. 
Cumulative risk of thrombosis in patients with lung cancer stratified by treatment type. Risk 

of experiencing a thromboembolic event (TEE) during the first 180 days after the start of 

treatment for patients with lung cancer. The cohort is stratified by treatment group: 

immunotherapy alone (purple, dotted line), chemotherapy alone (red, solid line), or 

combination of both chemo- and immunotherapies (green, dashed line), as well as a non-

chemo non-immunotherapy control group (blue, dot-dash line). Confidence intervals are 

represented by the shaded region around each line. Time (in days from start of treatment) is 
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shown along the x-axis, with cumulative risk of TEE along the y-axis. The lower table 

depicts number of individuals at risk for each 30-day interval. P value reflects a significant 

difference in cumulative risk of TEE based on type of treatment. Pairwise P values computed 

by log-rank (Table SVII). [Colour figure can be viewed at wileyonlinelibrary.com]

Madison et al. Page 12

Br J Haematol. Author manuscript; available in PMC 2022 July 01.

V
A

 A
uthor M

anuscript
V

A
 A

uthor M
anuscript

V
A

 A
uthor M

anuscript

http://www.wileyonlinelibrary.com/


Fig 2. 
Cumulative risk of thrombosis in patients with lung cancer stratified by treatment type, 

accounting for competing risk of death. Risk of experiencing death or a thromboembolic 

event (TEE) during the first 180 days after the start of treatment for patients with lung 

cancer. The cohort is stratified by treatment group: immunotherapy alone (purple), 

chemotherapy alone (red), or combination of both chemo- and immunotherapies (green), as 

well as a non-chemo non-immunotherapy control group (blue). Time (in days from start of 

treatment) is shown along the x-axis, with cumulative risk of death or TEE along the y-axes. 

Madison et al. Page 13

Br J Haematol. Author manuscript; available in PMC 2022 July 01.

V
A

 A
uthor M

anuscript
V

A
 A

uthor M
anuscript

V
A

 A
uthor M

anuscript



The upper and lower plots depict the incidence of death or TEE respectively. [Colour figure 

can be viewed at wileyonlinelibrary.com]
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Fig 3. 
Cumulative risk of thrombosis in patients with lung cancer stratified by chemotherapy 

regimen. Risk of experiencing a thromboembolic event (TEE) during the first 180 days after 

the start of treatment for patients with lung cancer. The cohort is stratified by chemotherapy 

regimen: not platinum-based agents (red, solid line) or platinum-based agents (blue, dashed 

line). Confidence intervals are represented by the shaded region around each line. P value 

computed by log-rank. [Colour figure can be viewed at wileyonlinelibrary.com]
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Fig 4. 
Cumulative risk of thrombosis in patients with lung cancer stratified by prior 

thromboembolic events (TEEs) and anticoagulation or aspirin use. Risk of experiencing a 

TEE during the first 180 days after the start of treatment patients with for lung cancer. The 

cohort is stratified by occurrence of prior TEEs and either anticoagulation (panel A) or 

aspirin (panel B) use concurrently with systemic therapy: the use of anticoagulation or 

aspirin without a history of TEEs (‘−/+’green, dashed line), neither (‘−/−’ red, solid line), 

the presence of a prior TEE and anticoagulant or aspirin use (‘+/+’ purple, dotted line), or 

the presence of a prior TEE without anticoagulant or aspirin use (‘+/−’ blue, dot-dash line). 

Confidence intervals are represented by the shaded region around each line. Time (in days 

from start of treatment) is shown along the x-axes, with cumulative risk of TEE along the y-

axes. The lower tables depict number of individuals at risk for each 30-day interval. Pairwise 

P values computed by log-rank (Tables SXVI-SXVII). [Colour figure can be viewed at 

wileyonlinelibrary.com]
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Fig 5. 
Cumulative risk of thrombosis in patients with lung cancer with no prior history of 

thromboembolic events (TEEs), stratified by treatment type. Risk of experiencing a TEE 

during the first 180 days after the start of treatment for patients with lung cancer. The cohort 

is stratified by treatment group: chemotherapy alone (red, solid line), immunotherapy alone 

(purple, dotted line), or combination of both chemotherapy and immunotherapies (green, 

dashed line), as well as a non-chemo non-immunotherapy control group (blue, dot-dash 

line). Confidence intervals are represented by the shaded region around each line. Time (in 
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days from start of treatment) is shown along the x-axis, with cumulative risk of TEE along 

the y-axis. The lower table depicts number of individuals at risk for each 30-day interval. 

Pairwise P values computed by log-rank (Table SXIX). [Colour figure can be viewed at 

wileyonlinelibrary.com]
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Table III.

Cox proportional hazard model of effect on thromboembolic events (TEEs) of treatment type and covariates.

Variable HR ( 95% CI)

Immunotherapy alone 0·918 (0·788–1·07)

Age 0·994 (0·990–0·999)

CCI score 1·02 (1·01–1·03)

Smoking status 0993 (0·927–1·06)

Edoxaban 6·84 (0·424–110)

LMW heparin 177 (16·0–1967)

Aspirin 0·992 ( 0·915–1·07)

Prior myocardial infarction 1·29 (1·06–1·56)

Metastases 1·21 (1·10–1·34)

Pulmonary disease 0·978 (0·899–1·06)

Congestive heart failure 1·08 (0·999–1·17)

Liver disease 1·03 (0·945–1·12)

Diabetes 0·906 (0·839–0·978)

Vascular disease 1·41 (1·31–1·52)

CCI, Charlson Comorbidity Index; CI, confidence interval; HR, hazard ratio; LMW, low molecular weight.
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Table IV.

Fine–Gray subdistribution hazard ratios (HRs) for thromboembolic events (TEEs) considering competing risk 

of death.

Variable HR (95% CI)

Chemotherapy alone 1·31 (1·11–1·55)

Immunotherapy alone 0·986 (0·793–1·23)

Combined therapies 0·750 (0·605–0·930)

Age 0·992 (0·988–0·995)

Year of diagnosis 1·06 (1·06–1·07)

Time since diagnosis 1·00 (1 · 00–1 · 00)

Khorana score 1·09 (1·06–1·13)

CCI score 0·981 (0·973–0·990)

BMI 1·01 (1·01–1·02)

Smoking status 0·934 (0·882–0·988)

Anticoagulation 1·91 (1·79–2·05)

Aspirin 1·02 (0·959–1·09)

Prior pulmonary embolism 4·45 (4·05–4·90)

Prior deep vein thrombosis 2·15 (1·93–2·39)

Prior cerebral infarction 2·14 (1·93–2·38)

Prior myocardial infarction 1·17 (1·00–1·37)

Metastases 1·39 (1·28–1·50)

Pulmonary disease 0·977 (0·911–1·05)

Congestive heart failure 1·08 (1·01–1·15)

Liver disease 1·01 (0·942–1·08)

Diabetes 0·932 (0·875–0·993)

Vascular disease 1·36 (1·28–1·45)

CCI, Charlson Comorbidity Index; CI, confidence interval; HR, hazard ratio.
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