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Overview
VTE is a common and life-threatening condition in cancer patients

(Khorana, Francis et al. 2007)



Overview

• Retrospective study 

: hospitalized adult cancer Pts with neutropenia 

(n=66,106) showed that approximately 

3% to 12% of these patients, depending on the 

type of malignancy, experienced VTE during

their first hospitalization



• Health claims database analysis

: patients undergoing CTx for solid tumors in the 

ambulatory setting (n=17,284), VTE occurred in 

12.6% of patients during the 12-month period from 

initiation of chemotherapy.

: The incidence ranged from 8% to 19% depending on 

the tumor type. 

cf) VTE incidence was 1.4% among age- and 

gender-matched control cohort without cancer

Overview



Mechanisms underlying the cancer-associated 
procoagulant state

(Donnellan and Khorana 2017)



Mechanisms underlying the cancer-associated 
procoagulant state

(Mukai and Oka 2018)



Overview

• The occurrence of VTE has been reported to increase the 
likelihood of death for cancer patients by 2- to 6-fold.  
Ex) gynecologic cancer patients with PE 

cf) 6-fold increased risk for death at 2 years 

compared with similar patients without PE.

• Furthermore, VTE has been reported to be the most 
common cause of death at 30-day follow-up among 
cancer patients undergoing surgery.



The Fundamental Research in Oncology and Thrombosis (FRONTLINE) survey 
: only 50% of surgical oncologists and 5% of medical oncologists routinely 

used VTE prophylaxis in their cancer Pts.

(Tapson, Decousus et al. 2007)



The multinational IMPROVE and ENDORSE registries 
: hospitalized medically ill patients in which only 45% of cancer 
patients received any form of VTE prophylaxis.

(Cohen, Tapson et al. 2008)
(Kakkar, Levine et al. 2003)



Postmortem reports 
: approximately 80% of cases of fatal PE occur in nonsurgical patients

(Alikhan, Peters et al. 2004)

214/265(80.8%)



A history of prior VTE 
: independent risk factor for developing a subsequent VTE

(Kröger, Weiland et al. 2006)

60 patients (12%) suffered from new venous thromboembolic 
events (VTE) from 507



Hospitalization is an important risk factor for VTE
: emphasizes the need for greater awareness of VTE risks
: appropriate implementation of preventive measures 

(CDC 2012)



Recent cancer diagnosis and the occurrence of advanced malignancies 
and distant metastases also increase VTE risk

(Blom, Doggen et al. 2005)



Association between different types of cancer and the risk for a VTE 
: pancreatic cancer and brain tumors were associated with a high risk(1)  

(Hall, Andersen et al. 2009)



Association between different types of cancer and the risk for a VTE 
: pancreatic cancer and brain tumors were associated with a high risk (2)

(Marras, Geerts et al. 2000)



Adenocarcinomas appear to be associated with a 
higher risk than squamous cell cancers

(Ogren, Bergqvist et al. 2006)

Between 1970 and 1982, 23,796 standardised autopsies were performed, representing 84% of all in-
hospital deaths in an urban Swedish population



Breast cancer was associated with a relatively low VTE risk
in some studies

(Andtbacka, Babiera et al. 2006)

3898 Pts underwent 4416 surgical procedures
Seven patients with postoperative VTE within 60 days were identified, for a rate of 0.16% per procedure



The risk for VTE was shown to increase by 6-fold when Pts with 
metastatic breast cancer were compared with patients with localized 
disease

(Chew, Wun et al. 2007)

Approximately 1% of breast cancer patients developed VTE within 2 years, with the highest incidence in the 
first 6 months after diagnosis. Metastatic disease and comorbidities were the strongest predictors. The 
diagnosis of VTE was associated with a higher risk of death within 2 years



The association of cytotoxic chemotherapy with the 
development of VTE in cancer patients has been shown in 
several studies

(Haddad and Greeno 2006)



Khorana Predictive Model for CTx-Associated VTE

NCCN 2021



Increased VTE risk was shown to be associated with the use of 
exogenous hormonal compounds, such as selective estrogen receptor 
modulators (eg, tamoxifen, raloxifene)

(Vogel, Costantino et al. 2010)

the Study of Tamoxifen and Raloxifene (STAR)



VTE Risk Factors in Patients With Cancer

• General patient risk factors

• Active cancer

• Advanced stage of cancer 

• Cancer types at higher risk

: Brain, Pancreas, Stomach, Bladder, Gynecologic, Lung o Lymphoma 

Myeloproliferative neoplasms (MPN), Kidney, Metastatic cancers

• Regional bulky lymphadenopathy with extrinsic vascular compression 

• Familial and/or acquired hypercoagulability (including pregnancy) 

• Medical comorbidities

: Infection, renal disease, pulmonary disease, congestive heart failure (CHF), 

arterial thromboembolism 

• Poor performance status

• Older age



• Modifiable risk factors

• Smoking, tobacco

• Obesity

• Activity level/exercise

• High-risk outpatients on chemotherapy, based on combinations of the 

following risk factors

• Active cancers associated with high incidence of VTE: 

stomach, pancreas, lung, lymphoma, gynecologic, bladder, testicular

• Prechemotherapy platelet count >350,000/µ L

• Prechemotherapy white blood cell (WBC) count >11,000/µ L

• Hemoglobin <10 g/dL

• Use of erythropoiesis-stimulating agents (ESAs)

• Body mass index (BMI) ≥35 kg/m2

• Prior VTE

VTE Risk Factors in Patients With Cancer



• Treatment-related risk factors

• Major surgery

• Central venous catheter/IV catheter 

• Chemotherapy such as:

o IMiDs plus high-dose dexamethasone

o Proteasome inhibitors

• Exogenous hormonal therapies such as:

o Hormone replacement therapy (HRT)

o Contraceptives

o Tamoxifen/raloxifene

o Diethylstilbestrol

VTE Risk Factors in Patients With Cancer



CVAD as a risk factor for development of an upper-
extremity DVT (UEDVT) between 0.3% and 28.3%

(Verso and Agnelli 2003)



CAVT
: Diagnosis and Evaluation 

in Cancer Patients



Large prospective study of patients with suspected DVT that had been 
excluded on radiologic testing showed that high D-dimer levels were 
present in a large percentage of patients with cancer

(Knowlson, Bacchu et al. 2010)



The most common presenting symptoms of DVT

• extremity edema (80%)

• Pain (75%) 

• erythema (26%)



Dx.: Duplex venous ultrasonography is recommended as 
the preferred venous imaging method for initial diagnosis of DVT

• Other imaging modalities (listed in order of preference) are recommended

1) Contrast-enhanced CT, also known as indirect CT venography

: reportedly as accurate as ultrasonography in diagnosing

femoro-popliteal DVT and provides accurate imaging of the 

large pelvic and iliac veins, the IVC, subclavian veins, and the SVC

cf) requires relatively high concentrations of contrast agent 

2) MRI 

:  a sensitive and specific evaluation of the pelvic and iliac veins 

and vena cava without the need for nephrotoxic contrast agents

cf) include higher cost, longer imaging times, and limited availability 

in some practice settings

3) Standard invasive venography(once considered the gold standard)

=> replaced by less invasive methods



Anticoagulation in Cancer Patients
: Contraindications and Risks



Contraindications to Anticoagulation

1) chronic, clinically significant bleeding (for >48hrs) 

2) recent major surgery associated with a high risk of bleeding

3) high risk for falls and/or head trauma

4) thrombocytopenia (platelets <50,000/mcL)

5) severe platelet dysfunction 

(eg, due to uremia, medications, dysplastic hematopoiesis)

6) underlying hemorrhagic coagulopathy

7) neuraxial anesthesia or lumbar puncture.



Risks Associated with Anticoagulation Therapy

• Prospective follow-up study of anticoagulation therapy for VTE, 

12-month cumulative incidence 

: major bleeding was 12.4% and 4.9% in patients with and

without cancer, respectively (HR, 2.2; 95% CI, 1.2–4.1)

• Cancer patients remain at increased risk of bleeding during vitamin K 
antagonist therapy regardless of INR level.

=> thrombocytopenia and organ or vascular invasion by tumors

• Other risks associated with chronic use of anticoagulants 

: osteoporosis and heparin-induced thrombocytopenia (HIT)

=> oral anticoagulant or enoxaparin, decreases in bone mineral 

density of 4.8% at 2-year follow-up



• Warfarin, its activity is known to be affected by many other drugs 

1) antibiotics and antifungal therapies 

- trimethoprim sulfamethoxazole, ciprofloxacin, metronidazole, 

fluconazole=> potentiate the effect of warfarin

- cf) rifampin and dicloxacillin => antagonize the effect of warfarin

2) chemotherapeutic agents

- fluoropyrimidines (5-fluorouracil and capecitabine) 

=> increase the INR 

- interactions between warfarin and certain selective estrogen 

receptor modulators (tamoxifen and raloxifene)

- Dietary intake of vitamin K and certain dietary supplements 

can also influence the effects of warfarin.

Risks Associated with Anticoagulation Therapy



Therapies for Prophylaxis and 
Treatment of VTE in Cancer Patients 



Heparin followed by warfarin reduced VTE recurrence 
and associated mortality in Pts with symptoms of acute PE

(Barritt and Jordan 1960)

 hospitalized patients with cancer receive anticoagulation therapy
in the absence of contraindications



Advanced cancer undergoing treatment with chemotherapy 
(PROTECHT trial: randomised, placebo-controlled, double-blind study) 
: statistically significant decrease in thromboembolic events in the  
group receiving prophylactic LMWH (ie, nadroparin)

(Agnelli, Gussoni et al. 2009)



CONTRAINDICATIONS TO VTE PROPHYLAXIS



VTE PROPHYLAXIS OPTIONS FOR 
HOSPITALIZED MEDICAL ONCOLOGY PATIENTS



VTE PROPHYLAXIS OPTIONS FOR 
AMBULATORY MEDICAL ONCOLOGY PATIENTS



VTE PROPHYLAXIS OPTIONS FOR 
HOSPITALIZED SURGICAL ONCOLOGY PATIENTS



Mechanical Prophylaxis 

• Intermittent pneumatic compression (IPC) devices and Graduated 
compression stockings (GCS) are mechanical prophylaxis options 
that are principally used in patients with CIx. to pharmacologic 
prophylaxis or in conjunction with pharmacologic agents in 
patients at very high risk for VTE

• Cf) Vena Cava Filters 

: placement of an IVC filter does not prevent DVT and has 

been associated with an increased risk for recurrent DVT



Acute Deep Vein Thrombosis (DVT) Tx



CATHETER-RELATED DVT
: DIAGNOSIS AND TREATMENT



Tx.: Oral apixaban was noninferior to subcutaneous dalteparin for 
the treatment of CAVT without major bleeding 
(multinational, randomized, investigatorinitiated, open-label, 
noninferiority trial with blinded : 585 for apixaban, 585 for dalteparin)

(Agnelli, Becattini et al. 2020)



THERAPEUTIC ANTICOAGULATION FOR 
VENOUS THROMBOEMBOLISM

• General Guidelines

1. Anticoagulation options recommended for involving only one 

agent (monotherapy) as well as regimens that use more than 

one type of agent (combination therapy). 

- Duration 

◊ At least 3 months or as long as active cancer or cancer therapy

◊ For non–catheter-associated DVT or PE 

: indefinite anticoagulation while cancer is active, under 

treatment, or if risk factors for recurrence persist

◊ For catheter-associated thrombosis, anticoagulate as long as 

catheter is in place.



2. Select regimen based on these factors

: [CrCl] <30 mL/min), hepatic disease (elevated transaminases or 

bilirubin, Child-Pugh B and C liver impairment, or cirrhosis),          

inpatient/outpatient, FDA approval, cost, patient preference, ease 

of administration, monitoring, bleeding risk assessment, and ability 

to reverse anticoagulation.

3. DOACs

: absorbed primarily in the stomach and proximal small bowel 

(cf: exception of apixaban, partially absorbed in the colon)

=> in case of Pts who have had significant resections of these 

portions of the intestinal tracts.

THERAPEUTIC ANTICOAGULATION FOR 
VENOUS THROMBOEMBOLISM



• DOACs

: preferred for patients without gastric or gastroesophageal lesions

=> gastric and gastroesophageal tumors are at increased risk 

for hemorrhage with direct oral anticoagulants

1) Apixaban (category 1) : 10 mg PO every 12 hours for 7 days 

followed by 5 mg PO every 12 hours

2) Edoxaban (category 1) : Initial therapy with LMWH or 

UFH for at least 5 days followed by edoxaban 60 mg PO daily 

(30 mg PO daily in patients with CrCl 30–50 mL/min or weight 

<60 kg or concomitant potent p-glycoprotein inhibitors)

THERAPEUTIC ANTICOAGULATION FOR 
VENOUS THROMBOEMBOLISM



• LMWH 

: preferred for patients with gastric or astroesophageal

lesions

Dalteparin (category 1)

: 200 units/kg SC daily for 30  days, 

then switch to 150 units/kg once daily

THERAPEUTIC ANTICOAGULATION FOR 
VENOUS THROMBOEMBOLISM



• DOACs (if above regimens not appropriate or unavailable) : Dabigatran

• Fondaparinux

• UFH (category 2B)

:  IV 80 units/kg bolus, followed by 18 units/kg/h adjusted to target aPTT of 

2–2.5 X control or per hospital SOPs, followed by SC 250 units/kg every 12 hours 

: SC 333 units/kg load, followed by 250 units/kg every 12 hours25

• Warfarin

:  Start warfarin concurrently with LMWH, fondaparinux, or UFH (see dosing below)

LMWH + warfarin options:

◊ Dalteparin 200 units/kg SC daily4 or 100 units/kg SC every 12 hours

◊ Enoxaparin 1 mg/kg SC every 12 hours3

Fondaparinux + warfarin

UFH5 + warfarin options: 

◊ IV 80 units/kg bolus, followed by 18 units/kg/h adjusted to target aPTT of 2–2.5 X 

control or per hospital SOPs 

◊ SC 333 units/kg load, followed by 250 units/kg every 12 hours

THERAPEUTIC ANTICOAGULATION FOR 
VENOUS THROMBOEMBOLISM



THROMBOLYTIC AGENTS

NCCN 2021



ANTICOAGULANT OPTIONS: 
CONTRAINDICATIONS AND WARNINGS

1. LMWH

- caution in patients with renal dysfunction. 

- Consider dose adjustments or alternative therapy for patients 

with CrCl <30 mL/min

- Follow package insert for renal dysfunction and body weight 

dosing

- Anti-Xa monitoring (peak and trough) of LMWH has been 

recommended for patients with severe renal dysfunction 

- Absolute contraindication: recent/acute HIT

- Relative contraindication: past history of HIT



2. DOACS; Apixaban, Dabigatran, edoxaban, rivaroxaban

- Stage IV/V chronic kidney disease:

Apixaban: CrCl <30 mL/min

Dabigatran, edoxaban, and rivaroxaban: CrCl <30 L/min

- Significant liver disease: 

Apixaban or edoxaban

: ALT/AST >2 x ULN; TB bilirubin >1.5 x ULN

Dabigatran or rivaroxaban: ALT/AST >3x ULN

- Strong dual inhibitors/inducers of CYP3A4 and P-lycoprotein

- Inducers/inhibitors of P-lycoprotein

ANTICOAGULANT OPTIONS: 
CONTRAINDICATIONS AND WARNINGS



MANAGEMENT OF ANTICOAGULATION FOR VTE IN 
PATIENTS WITH CTx-INDUCED THROMBOCYTOPENIA

• Thrombocytopenia is a common occurrence in cancer patients 
receiving therapeutic anticoagulation for cancer-associated 
thrombosis 

• Generally, anticoagulation is considered safe with platelet counts 
≥50,000/µL

•  High risk of recurrent thromboembolism 

(includes recent proximal DVT or PE [within 1 month], recurrent

thromboembolism) management options 

: Continuation of therapeutic dose anticoagulation while maintaining 

platelet count ≥50,000/µL with platelet transfusions

: Placement of a retrievable IVC filter and discontinuation of 

anticoagulation until platelet recovery



• Lower risk for recurrent thromboembolism (includes chronic DVT/PE 
[>1 month of treatment, central venous catheter-associated DVT, upper 
extremity DVT, acute distal DVT) management options 

: Use lower dose anticoagulation as outlined below in table

: Remove central venous catheter in patients with central venous

catheter-associated DVT

: Monitor distal DVT with serial US surveillance while patient is off 

anticoagulation (if clot extends to proximal venous system then 

manage as acute high-risk patient)

MANAGEMENT OF ANTICOAGULATION FOR VTE IN 
PATIENTS WITH CTx-INDUCED THROMBOCYTOPENIA



• Recognizing the increased risk for VTE in cancer patients is 
the first step

• VTE thromboprophylaxis for all hospitalized patients
with cancer who do not have contraindications to such therapy 
is emphasized.

• Cancer patients in a high-risk setting for VTE continue to 
receive VTE prophylaxis 

• Careful evaluation of cancer patients in whom VTE is 
suspected and prompt treatment and follow-up for patients 
diagnosed with VTE is recommended

Summary
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