
Treatment and prophylaxis of 
lung cancer-associated VTE

이화의대호흡기내과최명근



Case
67/M



OPD

• C.C: dyspnea, mMRC 2, 3 months ago

• Weight loss, - 10 kg during 3 mo

• Past medical history: HTN

• Smoking: 40PYs, current smoker

Case 67/M: dyspnea

1. Right hilar mass occluding right main bronchus and RUL bronchus 
- High probability of lung cancer 
- with air trapping in right lung due to check valve obstruction with mucus plugging in central 

bronchi 
2. Suspicious enlarged lymph node in right lower paratracheal area (4 R) 

- Limited evaluation current 5 5mm slice CT scan 
-> 1. , 2. : high probability of lung cancer (T2N2Mx) 
Rec: Contrast enhanced thin section CT scan and bronchoscopic biopsy



HD #2

• Nasal prong 2L -> HFNC FiO2 100% / 
60L

• Intubation

Case 67/M: dyspnea



HD #2
• V-V ECMO

• Bronchoscopy with cryobiopsy

Case 67/M: dyspnea



HD #4
• V-V ECMO weaning

• Pulmonary embolism CT
• Enoxaparin 60mg bid SC

• Extubation: HD #6

Case 67/M: dyspnea



HD #8
• Hb 10.2 -> Hb 6.7

• APCT

Case 67/M: dyspnea

1. Hematoma at left iliopsoas muscle 
- With active bleeding 

2. Hematoma at perirectal area 
3. Thrombus at IVC and below left common 
iliac vein level 
4. Right renal cyst 
5. Scanned lower thorax : increased 
consolidation at LUL, suspicious pneumonia 



HD #8
• IVC filter insertion

• thrombectomy with PTA and stent insertion (left femoral ~ iliac vein)

• Embolization, s/p left iliolumbar artery and left 3rd ~ 4rd lumbar artery

Case 67/M: dyspnea



Lung cancer

Lung, "right main bronchus endobronchial lesion", 
bronchoscopic biopsy:

SQUAMOUS CELL CARCINOMA 

• cT2N2M0

• EGFR wild type, ALK wild type, PD-L1 SP263 40%

• FEV1 46%/1.36L, DLco 55 mL/mmHg/min

• Plan: Definitive CCRT followed by durvalumab maintain

Case 67/M: dyspnea



HD #15

• APCT f/u
• liquefied hematoma

• No evidence of active 
bleeding

• Enoxaparin 60mg bid 
restart

Case 67/M: dyspnea



Discharge

• Enoxaparin 60mg bid -> 
Rivaroxaban 20mg qd

• IVC filter removal

• Rivaroxaban 10mg qd

Case 67/M: dyspnea

2024.09.25 Durvalumab #14
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Epidemiology

• Prevalence of VTE in 
patients with lung cancer

• Meta-analysis

• 35 studies involving 
742,156 patients

• Overall: 7%

• Asia: 8%

Front Oncol. 2024; 14: 1405147.



Epidemiology

• Department of Veterans Affairs health 
care system in US

• Retrospective cohort study

• 434,203 patients

• Overall cumulative VTE incidence in 
lung cancer: 6.9% at 12mo

JAMA Netw Open. 2023;6(6):e2317945.



Epidemiology

• 1,587 patients with NSCLC who received 
first-line treatment in US

• Retrospective cohort study

• Lung cancer patients receiving targeted 
therapies had the highest thrombosis 
rate.

Thromb Res. 2021 Dec:208:71-78.



Epidemiology

• The California Cancer Registry 

• Retrospective cohort study

• Lung cancer (N = 135,075) 
diagnosed between 2005 and 
2017

• Cancer-associated thrombosis 
(CAT) is increasing over time.

• Increased detection during routine 
disease assessment

• Immunotherapy

• Intensive combination 
chemotherapy

• Improved survival

Blood Adv. 2022 Jan 11; 6(1): 307–320.



Contents

• Epidemiology

• Mechanism of VTE in lung cancer

• Risk factor 

• Current guidelines for VTE treatment and prophylaxis in lung cancer

• Summary



Mechanism of VTE in lung cancer

Cancers. 2020;12(3):566.



Mechanism of VTE in lung cancer

• Lung cancer cells
• Tissue factor

• Microparticles

• Cancer procoagulant

• Inflammatory factors

• Cytokines

J Thromb Haemost. 2017 Dec;15(12):2289-2299. 



Mechanism of VTE in lung cancer

• Lung cancer cells
• Tissue factor

• Microparticles

• Cancer procoagulant

• Inflammatory factors

• Cytokines

J Thromb Haemost. 2017 Dec;15(12):2289-2299. 
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Risk factors

• Patient-related

• Cancer-related

• Therapy-related

Cancer Manag Res. 2021; 13: 8317–8327.



Risk factors

• Cancer-related
• Genetic alteration

• ALK rearrangement, KRAS, ROS-1, EGFR

• Histologic type: adenocarcinoma

• Clinical stage

• Time interval after 
diagnosis/chemotherapy: <6 mo

ALK+: 42%

KRAS: OR 2.67, p=0.014 ROS-1: 41.6%

Clin Lung Cancer. 2017;18(2):156–161.
Thromb Res. 2014;133(1):48–51.

Clin Lung Cancer. 2020;21(1):15–20.
J Int Med Res. 2020;48(1):300060519896919.



Risk factors

• Therapy-related
• Surgery

• Chemotherapy
• Platinum based chemotherapy

• Osimertinib

• Central venous catheter

J Clin Oncol. 2011 Sep 1;29(25):3466-73. 
Thromb Res. 2022 Feb:210:63-66.



Contents

• Epidemiology

• Mechanism of VTE in lung cancer

• Risk factor 

• Current guidelines for VTE treatment and prophylaxis in lung cancer

• Summary



Current guidelines for VTE treatment and 
prophylaxis in lung cancer
• 2019 ESC guideline

Eur Heart J. 2020 Jan 21;41(4):543-603.



Current guidelines for VTE treatment and 
prophylaxis in lung cancer



Current guidelines for VTE treatment and prophylaxis in lung cancer

Ann Surg. 2017 Jun;265(6):1087-1093.

• Perioperative setting (prophylaxis)
• No mention of prophylaxis specific for lung cancer

• Pharmacological VTE prophylaxis with LMWH (preferred) or UFH is recommended in patients undergoing major cancer surgery 2-12 h 
preoperatively and at least 10 days post-operatively. (ASCO, ESMO, ITAC, ASH)

• Meta-analysis including 39 studies and 16,366 
patients

• Solid tumor

• Pharmacological prophylaxis versus non-drug 
studies

• Thromboprophylaxis is associated with lower 
VTE events, there is a higher incidence of 
clinically significant bleeding events



Current guidelines for VTE treatment and prophylaxis in lung cancer

Semin Thorac Cardiovasc Surg. 2021 Winter;33(4):1123-1134.

• Perioperative setting (prophylaxis)
• No mention of prophylaxis specific for lung cancer

• Pharmacological VTE prophylaxis with LMWH (preferred) or UFH is recommended in patients undergoing major cancer surgery 2-12 h 
preoperatively and at least 10 days post-operatively. (ASCO, ESMO, ITAC, ASH)

• A pilot double blind RCT

• 103 patients undergoing lung resection

• POD 1 – Discharge: LMWH

• Discharge – POD 30: LVWH vs. Placebo

• “The thoracic surgery community eagerly 
awaits well-conducted, adequately 
powered studies.”



Current guidelines for VTE treatment and prophylaxis in lung cancer

N Engl J Med 2019;380:711-719
N Engl J Med 2019;380:720-728

• Chemotherapy (prophylaxis)
• No mention of prophylaxis specific for lung cancer

• In ambulatory cancer patients starting systemic anticancer treatment who have a high thrombosis risk, apixaban, rivaroxaban or LMWH may 
be considered for primary thromboprophylaxis for a maximum of 6 months. (ESMO, ASCO)

• Primary pharmacological prophylaxis of VTE with LMWH is NOT recommended for patients treated with systemic chemotherapy. (ITAC)

• AVERT and CASSINI studies randomized 574 and 
841 patients

• Khorana score ≥2

• Apixaban or Rivaroxaban vs. Placebo

• DOAC resulted in a significantly lower rate of 
venous thromboembolism among intermediate-
to-high-risk ambulatory patients with cancer 
starting chemotherapy.

• The rate of major bleeding episodes was higher.



Current guidelines for VTE treatment and prophylaxis in lung cancer

N Engl J Med 341:793-800, 1999
Circulation 110:874-879, 2004

BMJ 332:325-329, 2006

• Hospitalized patients (prophylaxis)
• No mention of prophylaxis specific for lung cancer

• In hospitalized cancer patients confined to bed with an acute medical complication, prophylaxis with LMWH, UFH or fondaparinux is 
recommended during hospitalization. (ASCO, ESMO, ITAC)

• Routine pharmacologic thromboprophylaxis should not be offered to patients admitted for the sole purpose of minor procedures or 
chemotherapy infusion. (ASCO)

• 3 RCTs

• Acutely ill medical patients

• LMWH or fondaparinux vs. Placebo

• The recommendation of pharmacological 
thromboprophylaxis to prevent VTE for 
inpatients with cancer is based on the results 
from large clinical trials of hospitalized medical 
patients.



Current guidelines for VTE treatment and prophylaxis in lung cancer

Ann Oncol 2018;29:398–404. 

• RASTEN trial, RCT

• Newly diagnosed SCLC

• LMWH vs. Placebo

• Enoxaparin in addition to standard therapy did 
not improve OS in SCLC patients.

• The incidence of VTE was significantly reduced 
in the LMWH arm.

• Hemorrhagic events were more frequent in the 
LMWH-treated group.

• Addition of LMWH cannot be generally 
recommended in the management of SCLC 
patients

• Hospitalized patients (prophylaxis)
• No mention of prophylaxis specific for lung cancer

• In hospitalized cancer patients confined to bed with an acute medical complication, prophylaxis with LMWH, UFH or fondaparinux is 
recommended during hospitalization. (ASCO, ESMO, ITAC)

• Routine pharmacologic thromboprophylaxis should not be offered to patients admitted for the sole purpose of minor procedures or 
chemotherapy infusion. (ASCO)



Current guidelines for VTE treatment and prophylaxis in lung cancer

Eur Respir J 2018;52:1801220. 

• A phase III RCT

• Patients with completely resected stage I, II 
or IIIA NSCLC

• LMWH (tinzaparin) (n=269) for 12 weeks vs. 
placebo (n=280)

• Adjuvant tinzaparin had no detectable impact 
on OS of patients with completely resected 
stage I−IIIA NSCLC.

• Hospitalized patients (prophylaxis)
• No mention of prophylaxis specific for lung cancer

• In hospitalized cancer patients confined to bed with an acute medical complication, prophylaxis with LMWH, UFH or fondaparinux is 
recommended during hospitalization. (ASCO, ESMO, ITAC)

• Routine pharmacologic thromboprophylaxis should not be offered to patients admitted for the sole purpose of minor procedures or 
chemotherapy infusion. (ASCO)



Current guidelines for VTE treatment and prophylaxis in lung cancer

J Clin Oncol. 2016 Feb 10;34(5):488-94.

• A multicenter, open-label, randomized trial 

• Newly diagnosed lung cancer of any stage 
and histology

• A primary prophylactic dose of LMWH for 24 
weeks (n=1101) vs. placebo (n=1101)

• LMWH did not improve overall survival in the 
patients with lung cancer in this trial.

• A significant reduction in VTE is associated 
with an increase in clinically relevant 
nonmajor bleeding.

• Hospitalized patients (prophylaxis)
• No mention of prophylaxis specific for lung cancer

• In hospitalized cancer patients confined to bed with an acute medical complication, prophylaxis with LMWH, UFH or fondaparinux is 
recommended during hospitalization. (ASCO, ESMO, ITAC)

• Routine pharmacologic thromboprophylaxis should not be offered to patients admitted for the sole purpose of minor procedures or 
chemotherapy infusion. (ASCO)



Current guidelines for VTE treatment and prophylaxis in lung cancer

Ann Oncol. 2023 May;34(5):452-467. 

• Hospitalized patients (prophylaxis)
• No mention of prophylaxis specific for lung cancer

• In hospitalized cancer patients confined to bed with an acute medical complication, prophylaxis with LMWH, UFH or fondaparinux is 
recommended during hospitalization. (ASCO, ESMO, ITAC)

• Routine pharmacologic thromboprophylaxis should not be offered to patients admitted for the sole purpose of minor procedures or 
chemotherapy infusion. (ASCO)



Current guidelines for VTE treatment and prophylaxis in lung cancer

Cochrane Database Syst Rev. 2018 Jan 24;1(1):CD006649.

• Initial treatment
• LMWH, UFH, fondaparinux, apixaban or rivaroxaban are recommended treatments for the acute phase. (ESMO, ASCO, ITAC, ASH)
• LMWH is preferred over UFH or fondaparinux. 
• UFH may be considered in patients with CAT and severe renal impairment. (defined as CrCl <30 ml/min)
• In patients with luminal GI or GU cancer, LMWH is preferred for treating CAT.
• For patients without GI or GU cancer, rivaroxaban or apixaban (in the first 10 days), or edoxaban (started after at least 5 days of parenteral anticoagulation) 

can also be used. (ITAC)

• A systematic review and meta-analysis 

• 15 RCTs including 1615 participants with 
cancer and VTE.

• LMWH vs. UFH

• Fondaparinux vs. heparin (UFH or LMWH)

• LMWH is possibly superior to UFH in the 
initial treatment of VTE in people with cancer.

LMWH vs. UFH

Fondaparinux vs. heparin (UFH or LMWH)



Current guidelines for VTE treatment and prophylaxis in lung cancer

J Clin Oncol, 36 (20) (2018), pp. 2017-2023
J Thromb Haemost, 18 (2) (2020), pp. 411-421
N Engl J Med, 382 (17) (2020), pp. 1599-1607

• Initial treatment
• LMWH, UFH, fondaparinux, apixaban or rivaroxaban are recommended treatments for the acute phase. (ESMO, ASCO, ITAC, ASH)
• LMWH is preferred over UFH or fondaparinux. 
• UFH may be considered in patients with CAT and severe renal impairment. (defined as CrCl <30 ml/min)
• In patients with luminal GI or GU cancer, LMWH is preferred for treating CAT.
• For patients without GI or GU cancer, rivaroxaban or apixaban (in the first 10 days), or edoxaban (started after at least 5 days of parenteral anticoagulation) 

can also be used. (ITAC)

• SELECT-D
• Dalteparin vs. rivaroxaban

• Rivaroxaban was associated with relatively low VTE 
recurrence but higher nonmajor bleeding.

• ADAM-VTE
• Dalteparin vs. apixaban

• Oral apixaban was associated with low major 
bleeding and VTE recurrence rates.

• Caravaggio trial
• Dalteparin vs. apixaban

• Lung cancer (17.3%, n=200)

• Oral apixaban was noninferior to subcutaneous 
dalteparin without an increased risk of major 
bleeding.



Current guidelines for VTE treatment and prophylaxis in lung cancer

N Engl J Med, 349 (2) (2003), pp. 146-153

• Long-term and extended phase (treatment)
• Long-term anticoagulation for at least 6 months includes LMWH, apixaban, edoxaban or rivaroxaban which are preferred over VKAs. (ASCO, 

ESMO, ITAC, ASH)

• After 6 months, continuation of anticoagulation should be based on individual evaluation of the benefit–risk ratio, tolerability, drug 
availability, patient preference, and cancer activity. (ITAC, ASH)

• A multicenter, randomized, open-label clinical 
trial

• Patients with cancer who had acute VTE

• LMWH (dalteparin) vs. VKA (coumarin)

• Dalteparin was more effective in reducing the 
risk of recurrent thromboembolism without 
increasing the risk of bleeding.



Current guidelines for VTE treatment and prophylaxis in lung cancer

N Engl J Med, 378 (7) (2018), pp. 615-624
J Clin Oncol, 36 (20) (2018), pp. 2017-2023

J Thromb Haemost, 18 (2) (2020), pp. 411-421
N Engl J Med, 382 (17) (2020), pp. 1599-1607

• Long-term and extended phase (treatment)
• Long-term anticoagulation for at least 6 months includes LMWH, apixaban, edoxaban or rivaroxaban which are preferred over VKAs. (ASCO, 

ESMO, ITAC, ASH)

• After 6 months, continuation of anticoagulation should be based on individual evaluation of the benefit–risk ratio, tolerability, drug 
availability, patient preference, and cancer activity. (ITAC, ASH)

• Hokusai VTE
• LMWH (at least 5 days) followed by edoxaban 60 

mg qd for 6-12 months, vs. LMWH

• Lung cancer (14.5%, n=152)

• SELECT-D
• Rivaroxaban 15mg bid 3 weeks, then 20 mg qd 6 

months, vs. LMWH

• Lung cancer (11.6%, n=47)

• ADAM-VTE and Caravaggio
• apixaban 10 mg bid 7 days, followed by 5 mg bid 6 

months, vs. LMWH



Current guidelines for VTE treatment and prophylaxis in lung cancer

Respiration (2019) 98 (3): 203–211.

• Long-term and extended phase (treatment)
• Long-term anticoagulation for at least 6 months includes LMWH, apixaban, edoxaban or rivaroxaban which are preferred over VKAs. (ASCO, 

ESMO, ITAC, ASH)

• After 6 months, continuation of anticoagulation should be based on individual evaluation of the benefit–risk ratio, tolerability, drug 
availability, patient preference, and cancer activity. (ITAC, ASH)

• A single-center retrospective study

• 204 patients with primary lung cancer

• rivaroxaban (n = 131) vs. dalteparin (n = 73) 
for VTE

• There was no difference in the safety and 
efficacy profile of rivaroxaban compared with 
dalteparin.



Current guidelines for VTE treatment and prophylaxis in lung cancer

J Thromb Haemost. 2016 Jan;14(1):105-13. 

• Incidental and subsegmental VTE (treatment)
• For incidentally detected VTE, the same treatment as for symptomatic VTE is recommended. (ESMO, ASCO, ASH)

• Anticoagulant therapy is suggested for most of the patients with subsegmental PE. (ESMO, ASCO)

• A pooled analysis of 926 patients

• Cancer patients with incidental PE

• Weighted pooled 6‐month risks of recurrent 
VTE

• Recurrence risk is comparable after 
subsegmental and more proximally localized 
IPE.

HR of 1.3 (95% CI 0.57–3.0) adjusted for age, sex, type of cancer, cancer stage, and management.



Current guidelines for VTE treatment and prophylaxis in lung cancer

Cochrane Database Syst Rev, 6 (6) (2018), p. CD006468
Thromb. Res., 136 (6) (2015), pp. 1103-1109

• Catheter-related VTE (treatment and prophylaxis)
• Routine pharmacological prophylaxis of CRT is NOT recommended. (ESMO, ASH)

• For the treatment, anticoagulation (LMWH) is recommended for a minimum of 3 months (ESMO)

• Extended anticoagulation (>3 mo) until catheter removal is suggested, if bleeding risk is low (ESMO)

• It is recommended to remove the catheter if it is not needed or is infected, anticoagulant treatment is contraindicated or there is clinical deterioration due 
to thrombus extension despite treatment. (ESMO, ITAC, ASH)



Current guidelines for VTE treatment and prophylaxis in lung cancer

Circulation, 112 (3) (2005), pp. 416-422

• IVC filter
• The insertion of IVC filters is suggested in patients with acute and life-threatening VTEs who have absolute contraindications to 

anticoagulant therapy or as an adjunct to anticoagulation in patients with recurrent VTE or extension of thrombosis despite optimal 
anticoagulant therapy. (ESMO, ASCO, ITAC)

• A randomized trial

• 400 patients with proximal DVT ± PE

• Cancer (14%)

• Permanent IVC filter vs. no filter

• IVC filters reduced PE but increased DVT and 
had no effect on survival.

• Systematic use in the general population with 
VTE is not recommended.



Current guidelines for VTE treatment and prophylaxis in lung cancer

Hamostaseologie. 2024 Apr;44(2):150-154.

• VTE recurrence (ITAC, ASH)
• For LMWH, increase LMWH by 20–25% or switch to direct oral anticoagulants. 

• For DOAC, switch to LMWH.

• For VKA, switch to LMWH or DOAC.

• Systematic studies on the management of 
patients with recurrent cancer associated VTE 
under therapeutic anticoagulation are 
lacking.

• Recommendations mainly are based on 
expert opinion and consensus.



Summary

• Prevalence of VTE in patients with lung cancer
• 7-8%

• Mechanism of VTE in lung cancer
• Lung cancer cells -> tissue factor/microparticles, procoagulant, inflammatory factors, cytokines, etc.

• Risk factors
• Patient-related

• Cancer-related

• Therapy-related

• Current guidelines for VTE treatment and prophylaxis in lung cancer
• No specific guidelines for lung cancer

• The decision could follow the general VTE treatment and prophylaxis principles of patients with all cancer types in authoritative 
guidelines.

• However, VTE in lung cancer has some specific details compared to other cancer types.



Summary (guidelines)

Prophylaxis
Perioperative setting

- Pharmacological VTE prophylaxis with LMWH (preferred) or UFH is recommended in patien

ts undergoing major cancer surgery 2-12 h preoperatively and at least 10 days post-operativ

ely. (ASCO, ESMO, ITAC, ASH)

Chemotherapy

- In ambulatory cancer patients starting systemic anticancer treatment who have a high thro

mbosis risk, apixaban, rivaroxaban or LMWH may be considered for primary thromboproph

ylaxis for a maximum of 6 months. (ESMO, ASCO)

- Primary pharmacological prophylaxis of VTE with LMWH is NOT recommended for patients

treated with systemic chemotherapy. (ITAC)

Hospitalized patients

- In hospitalized cancer patients confined to bed with an acute medical complication, proph

ylaxis with LMWH, UFH or fondaparinux is recommended during hospitalization. (ASCO, ES

MO, ITAC)

- Routine pharmacologic thromboprophylaxis should NOT be offered to patients admitted fo

r the sole purpose of minor procedures or chemotherapy infusion. (ASCO)

Treatment
Initial treatment

- LMWH, UFH, fondaparinux, apixaban or rivaroxaban are recommended treatments for the acute phase. (ES

MO, ASCO, ITAC, ASH)

- LMWH is preferred over UFH or fondaparinux.

- UFH may be considered in patients with CAT and severe renal impairment. (defined as CrCl <30 ml/min)

- In patients with luminal GI or GU cancer, LMWH is preferred for treating CAT.

- For patients without GI or GU cancer, rivaroxaban or apixaban (in the first 10 days), or edoxaban (started af

ter at least 5 days of parenteral anticoagulation) can also be used. (ITAC)

Long-term and extended phase

- Long-term anticoagulation for at least 6 months includes LMWH, apixaban, edoxaban or rivaroxaban which

are preferred over VKAs. (ASCO, ESMO, ITAC, ASH)

- After 6 months, continuation of anticoagulation should be based on individual evaluation of the benefit–risk

ratio, tolerability, drug availability, patient preference, and cancer activity. (ITAC, ASH)

Incidental and subsegmental VTE

- For incidental VTE, the same treatment as for symptomatic VTE is recommended. (ESMO, ASCO, ASH)

- Anticoagulant therapy is suggested for most of the patients with subsegmental PE. (ESMO, ASCO)

Catheter-related VTE (treatment and prophylaxis)

- Routine pharmacological prophylaxis of CRT is NOT recommended. (ESMO, ASH)

- For the treatment, anticoagulation (LMWH) is recommended for a minimum of 3 months (ESMO)

- Extended anticoagulation (>3 mo) until catheter removal is suggested, if bleeding risk is low (ESMO)

- It is recommended to remove the catheter if it is not needed or is infected, anticoagulant treatment is contra

indicated or there is clinical deterioration due to thrombus extension despite treatment. (ESMO, ITAC, ASH)

IVC filter

- The insertion of IVC filters is suggested in patients with acute and life-threatening VTEs who have absolute co

ntraindications to anticoagulant therapy or as an adjunct to anticoagulation in patients with recurrent VTE or e

xtension of thrombosis despite optimal anticoagulant therapy. (ESMO, ASCO, ITAC)

VTE recurrence (ITAC, ASH)

- For LMWH, increase LMWH by 20–25% or switch to direct oral anticoagulants.

- For DOAC, switch to LMWH.

- For VKA, switch to LMWH or DOAC.


