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Abstract

The association between cancer and thrombosis has been recognized for more than 150 years. Not
only are patients with cancer at a substantially increased risk of developing venous
thromboembolism (VTE), the link between several coagulation factors and tumor growth,
invasion, and the development of metastases has been established. Reported rates of VTE in
patients with cancer have increased in recent years likely reflecting, in part, improved diagnosis
with sophisticated imaging techniques as well as the impact of more aggressive cancer diagnosis,
staging, and treatment. Various therapeutic interventions, such as surgery, chemotherapy,
hormonal therapy, targeted therapeutic strategies as well as the frequent use of indwelling
catheters and other invasive procedures also place cancer patients at increased risk of VTE. The
increasing risk of VTE, the multitude of risk factors, and the greater risk of VTE recurrence and
death among patients with cancer represent considerable challenges in modern clinical oncology.
The American Society of Clinical Oncology (ASCO) originally developed guidelines for VTE in
patients with cancer in 2007. ASCO recently updated clinical practice guidelines on the treatment
and prevention of VTE in patients with cancer following an extensive systematic review of the
literature. Revised 2013 guidelines have now been presented and will be discussed in this review.
Although several new studies were identified and considered, many important questions remain
regarding the relationship between thrombosis and cancer and the optimal care of patients at risk
for VTE.
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Introduction

Venous thromboembolism (VTE) is associated with several adverse consequences including
increased mortality and recurrent VTE as well as both major and minor bleeding associated
with anticoagulation [1-6]. There have been few studies of the impact of VTE on clinical
outcomes in cancer patients such as delivery of optimal cancer treatment as well as quality
of life and costs [7]. Several clinical practice guidelines that address VTE prophylaxis in
cancer patients have been developed. The National Comprehensive Cancer Network
(NCCN) representing several NCI-designated comprehensive cancer centers in the United
States presented consensus guidelines for the treatment and prevention of VTE in cancer
patients that are updated annually [8]. Internationally, several additional organizations have
developed guidelines for patients with cancer at risk for VTE including the Italian
Association of Medical Oncology, the European Society of Medical Oncology, and the
French National Federation of the League of Centers Against Cancer [9-11]. In 2007, the
American Society of Clinical Oncology (ASCO) published evidence-based guidelines for
the treatment and prevention of VTE in patients with cancer based on a systematic review of
the literature [12,13]. ASCO recently presented updated clinical practice guidelines on the
treatment and prevention of VTE in patients with cancer following an extensive systematic
review of the literature published since the original guidelines [14]. The ASCO Guideline
Panel was represented by both content clinical experts in the management of VTE along
with methodology experts on the performance of systematic reviews, quality appraisal of the
evidence, and evidence summaries. The ASCO Guidelines present updated
recommendations on the treatment and prevention of VTE in hospitalized medical and
surgical cancer patients as well as ambulatory patients receiving cancer therapy. In addition,
recommendations are presented on immediate and extended secondary prophylaxis in
patients with established VTE, the potential role of anticoagulation in the treatment of
patients with cancer without other recognized indication, and the importance of VTE risk
assessment in patients with cancer. Primary questions addressed by the Guidelines included:
What is known about risk factors and risk prediction of VTE among patients with cancer?
Should hospitalized cancer patients receive anticoagulation for VTE prophylaxis? Should
ambulatory patients with cancer receive anticoagulation for VTE prophylaxis during
systemic chemotherapy? Should patients with cancer undergoing surgery receive
perioperative VTE prophylaxis? What is the best method for treatment of cancer patients
with established VTE to prevent recurrence? Should patients with cancer receive
anticoagulation in the absence of established VTE to improve survival? The final
recommendations of the Guideline Panel are summarized in Table 1.

Risk of Venous Thromboembolism in Cancer Patients

The risk of VTE is substantially increased in patients with cancer. most notably in
hospitalized patients, the elderly and those with major medical comorbidities including
obesity, pulmonary disease, and renal failure [3,15-17]. The rates of VTE reported in
hospitalized cancer patients have increased substantially in recent years [17]. The primary
site of cancer is particularly important with highest rates of VTE observed in patients with
brain, pancreas, stomach, kidney, ovary, and lung cancers, and hematologic malignancies
including lymphoma and myeloma. Recent studies have also demonstrated a considerable
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risk of VTE in patients with hematologic malignancies including malignant lymphomas [17-
19]. Elevations in leukocyte and platelet counts and reductions in hemoglobin appear to
increase the risk of VTE in patients with cancer. Finally, the risk of VTE is further increased
in patients receiving systemic therapies including chemotherapy, hormonal therapy, and
certain targeted agents. A number of new cancer therapies, especially the antiangiogenesis
agents, appear to be associated with an increased risk of both arterial and venous thrombosis
[20-25]. While the risk of arterial thrombotic events is increased with bevacizumab, it
remains unclear whether the risk of VTE is increased after adjustment for treatment duration
[26]. The use of the erythropoiesis-stimulating agents, epoetin alfa and darbepoetin alfa, as
well as blood transfusions have also been associated with an increased risk of VTE
[16,27,28].

Predictive risk models for VTE in ambulatory cancer patients receiving systemic
chemotherapy have been developed [29,30]. A risk score for cancer-associated VTE based
on clinical and laboratory measures has been developed and validated in multiple studies
[29,31-33], (Table 2). Retrospectively, evaluation in large prospective randomized trials
found that the risk of VTE in high-risk patients defined on the basis of the risk score was
significantly reduced in those randomized to prophylactic thromboprophylaxis [34,35]. The
updated ASCO Guidelines recommend that patients with cancer be educated about the
symptoms and signs of VTE and that VTE risk be assessed at the time of chemotherapy
initiation and periodically over the course of treatment.

Treatment of Established VTE in Cancer Patients

The initial treatment of established VTE in cancer patients is generally patterned after
therapeutic approaches in other, non-cancer settings. However, the duration of therapy to
prevent early recurrence is often extended in cancer patients with persistent disease or
continuing on cancer treatment [36]. The ASCO Guidelines recommend low molecular
weight heparin for the initial 5 to 10 days of anticoagulation in cancer patients with
established VTE, as well as for secondary prevention of recurrence for at least six months.
In high-risk patients with active malignancy continuing on chemotherapy, extended
anticoagulation to prevent VTE recurrence is encouraged. A number of new oral and
parenteral antithrombotic agents are currently under development which are likely to have
future application to patients with malignant disease [37,38].

Of importance, the risk of recurrence, bleeding, and mortality in cancer patients with
incidental or unsuspected VTE appears to be similar to those with symptomatic VTE [39].
Most patients with previously unsuspected pulmonary embolism (PE) found at the time of
staging computerized tomography scans are actually symptomatic and are likely of clinical
significance [40]. Based on consensus, the ASCO Guideline panel recommends that
incidental VTE be treated the same as symptomatic VTE with the potential exception of
peripheral subsegmental PE, especially if it is thought to be an imaging artifact.

Prophylaxis of Hospitalized Cancer Patients

It has long been recognized that thromboembolism is a major cause of death in hospitalized
cancer patients [3,41]. Nevertheless, the reported frequency of VTE in hospitalized cancer
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patients varies widely [17,42-44]. Cancer patients hospitalized with neutropenia and
presumed infection with documented thromboembolism have more than a two-fold increase
in risk of mortality [17]. Three large RCTs of hospitalized acutely ill medical patients have
demonstrated that enoxaparin, dalteparin, and fondaparinux are effective in preventing
screen-detected VTE utilizing venography or ultrasound [45-48]. However, none of these
trials were specifically conducted in patients with cancer who represented only a small
proportion of the overall trial population. Nevertheless, the additional risk for VTE in
hospitalized cancer patients and the efficacy and reasonable safety of prophylactic
anticoagulation in seriously ill medical patients has provided the basis for consideration of
thromboprophylaxis in most hospitalized cancer patients in the absence of contraindications
to anticoagulation. The updated systematic review identified three recent randomized
controlled trials (RCTs) of thromboprophylaxis in seriously-ill medical inpatients [49-51].
Despite limited cancer-specific data across these trials, the ASCO Guidelines continue to
recommend that hospitalized patients with major medical illnesses or reduced mobility
without serious bleeding risk receive prophylactic anticoagulation. Hospitalized cancer
patients without additional risk factors may also be considered for prophylactic
anticoagulation. However, there are inadequate data to support routine prophylaxis in
patients admitted for chemotherapy or for minor procedures [52].

Prophylaxis in Surgical Cancer Patients

Cancer patients undergoing major surgical procedures are at increased risk for VTE as well
as for bleeding complications [53]. Prophylactic anticoagulation with low molecular weight
heparin (LMWH) in cancer patients undergoing major surgery has been shown to reduce the
risk of venographically detected deep venous thrombosis (DVT) but not symptomatic VTE
[54]. A variety of approaches for reducing the risk of VTE in the perioperative period are
available including graduated compression stockings or intermittent pneumatic calf
compression devices as well as medical thromboprophylaxis with low dose UFH, LMWH,
or vitamin K antagonists [55-60]. The optimal duration of prophylactic anticaogulation in
the postoperative setting continues to be discussed and studied [61,62]. Patients undergoing
major surgical procedures for cancer should receive VTE prophylaxis unless
contraindicated. In addition, combined mechanical prophylaxis and anticoagulation may be
considered in high-risk patients [63].

Three additional RCTs evaluating perioperative prophylaxis in patients undergoing major
abdominal or pelvic surgery were identified by the updated systematic review [64—66].
Prophylactic anticoagulation in patients undergoing major cancer surgery is recommended
beginning preoperatively when appropriate and continuing for at least 7-10 days. Systematic
reviews have been conducted of extended prophylaxis for up to four weeks [67-69].
Extended postoperative prophylaxis for up to four weeks is recommended in high-risk
patients undergoing major cancer surgery such as those with restricted mobility, obesity, or a
history of VTE.
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Prophylaxis of Ambulatory Cancer Patients

The risk of VTE in ambulatory cancer patients appears to vary widely with the type of
cancer and treatment, and any comorbid conditions present. Given the average low risk of
VTE in this setting along with possible bleeding, anticoagulant prophylaxis has not been
routinely recommended. Nevertheless, the emergence of more aggressive interventions and
a number of new cancer therapies as well as supportive care agents associated with an
increased risk of VTE has resulted in increased interest in the potential value of VTE
prophylaxis in this setting [21,70-81].

Several RCTs of thromboprophylaxis in ambulatory cancer patients have been reported
including nine with LMWHSs. The PROTECHT trial presented at the 2008 Meeting of the
American Society of Hematology reported a significant reduction in the composite outcome
of arterial and venous thrombosis [82]. The most dramatic impact on the absolute risk of
VTE was observed in patients with advanced pancreatic cancer receiving specified
chemotherapy [83-85]. Most recently, a RCT of the ultra-low molecular weight heparin,
semuloparin, reported a hazard ratio for VTE in 1608 cancer patients of 0.36 (95% CI: 0.21-
0.60; P<0.001) [86]. A meta-analysis estimated an overall relative risk for symptomatic VTE
of 0.47 (0.36-0.61; P<0.001) but with an absolute reduction in VTE risk of only 2.8%
(1.8%-3.7%; P<0.001) [87]. Due to the small incremental benefit observed in most trials of
ambulatory patients and the limitations in these trials, the ASCO Guideline panel concluded
that routine anticoagulation prophylaxis is not yet warranted with the exception of patients
with multiple myeloma receiving thalidomide or lenalidomide along with chemotherapy
and/or dexamethasone where the risk of VTE is sufficient to justify routine
thromboprophylaxis. Nevertheless, the panel did conclude that based on limited data from
recent RCTs, LMWH prophylaxis may be considered on a case-by-case basis in highly
selected high-risk patients with solid tumors receiving chemotherapy after thoroughly
considering the potential benefits and harms [14].

Anticoagulation as Cancer Treatment to Improve Survival

The potential impact of treatment with anticoagulants on overall survival in patients with
cancer without other indication for their use has gained considerable attention [4]. It is
recognized that heparins may inhibit tumor cell growth, invasion, and distant metastasis
[88]. LMWHs may also inhibit angiogenesis, block platelet aggregation, and inhibit platelet
interaction [89]. The impact of anticoagulation on the survival of patients with cancer has
been studied in RCTs of anticoagulants for the treatment or prevention of VTE as well as a
component of overall cancer therapy. Meta-analyses of trials comparing initial treatment of
VTE with UFH versus LMWH have shown a survival benefit in cancer patients receiving
LMWH [90-93]. In addition, several RCTs in cancer patients without VTE have studied
whether anticoagulants improve overall survival and reported mixed results [94-100].

A significant reduction in 1-year mortality was observed in a meta-analysis of 11
randomized controlled trials of patients treated with anticoagulants vs no anticoagulants
[13]. The overall relative risk for all-cause mortality was 0.88 [95% CI: 0.79-0.98; P=0.015]
and 0.94 [95% CI: 0.85-1.04; P=0.239] among LMWH and warfarin trials, respectively.
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However, major bleeding complications were greater in patients randomized to
anticoagulation reaching statistical significance in warfarin studies (P<0.001) [13]. Overall
these data provide some evidence that anticoagulation improves survival in patients with
advanced cancer. However, small study sample sizes and the low power of these studies
preclude a definitive conclusion on the efficacy of anticoagulants in the treatment of patients
with cancer. Therefore, anticoagulation for cancer treatment is not currently recommended
in the updated guidelines due to the limitations of the trials reported to date and concern
over an increased risk for major bleeding complications [14]. Patients with cancer should be
encouraged to participate in clinical trials designed to evaluate anticoagulant therapy as an
adjunct to standard anticancer therapies. A number of additional trials are underway to better
define the clinical value of anticoagulants as cancer therapy [4].

Conclusions

Patients with cancer, especially those hospitalized and those undergoing major surgery or
systemic treatment are at increased risk for VTE and should be considered for routine
thromboprophylaxis. Primary prevention of VTE in high-risk patients, as well as secondary
prevention of recurrent VTE represent continuing clinical challenges. Additional studies are
needed to better define the optimal role of anticoagulation in high-risk cancer patients
including those receiving cancer chemotherapy in the ambulatory. While the need for more
efficacious, safe, and convenient anticoagulants has sparked the development of a number of
new agents, further clinical trials specifically including patients with cancer are needed. In
the meantime, the optimal application of currently available agents based on clinical practice
guidelines in patients with cancer must remain a high priority. In addition, the potential role
of anticoagulants in improving cancer patient survival represents an intriguing opportunity
that will require further clinical trials.

ASCO and other professional organizations based on rigorous systematic reviews and
evidence appraisals can provide clinicians with a balanced resource for the use of
anticoagulants in the specific management of patients with cancer. It should be noted that
there is a high level of concurrence in recommendations across currently available clinical
practice guidelines internationally. Nevertheless, further efforts are needed to improve the
dissemination, implementation, and compliance with available guidelines to improve the
overall quality of cancer patient care. Greater awareness and considerably more research are
also needed to improve our ability to safely and effectively treat and prevent
thromboembolic complications in patients with cancer. While the use of recently validated
clinical risk models for VTE among ambulatory cancer patients is promising, identification
and validation of new clinical and molecular biomarkers for VTE are awaited to further
improve selection of high-risk patients for more personalized prophylactic strategies.
Through optimal application of current strategies along with increased investment into basic
and translational clinical research, further reductions in the morbidity and mortality
associated with thromboembolic complications in patients with cancer can be realized.

Thromb Res. Author manuscript; available in PMC 2015 May 01.



1duosnue Joyiny 1duosnue Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Kuderer and Lyman

References
1

Page 7

. Alcalay A, Wun T, Khatri V, Chew HK, Harvey D, Zhou H, et al. Venous thromboembolism in

patients with colorectal cancer: incidence and effect on survival. J Clin Oncol. 2006; 24:1112-8.
[PubMed: 16505431]

. Chew HK, Wun T, Harvey DJ, Zhou H, White RH. Incidence of venous thromboembolism and the

impact on survival in breast cancer patients. J Clin Oncol. 2007; 25:70-6. [PubMed: 17194906]

. Chew HK, Wun T, Harvey D, Zhou H, White RH. Incidence of venous thromboembolism and its

effect on survival among patients with common cancers. Arch Intern Med. 2006; 166:458—64.
[PubMed: 16505267]

. Kuderer NM, Ortel TL, Francis CW. Impact of venous thromboembolism and anticoagulation on

cancer and cancer survival. J Clin Oncol. 2009; 27:4902-11. [PubMed: 19738120]

. Sorensen HT, Mellemkjaer L, Olsen JH, Baron JA. Prognosis of cancers associated with venous

thromboembolism. N Engl J Med. 2000; 343:1846-50. [PubMed: 11117976]

. Prandoni P, Lensing AW, Piccioli A, Bernardi E, Simioni P, Girolami B, et al. Recurrent venous

thromboembolism and bleeding complications during anticoagulant treatment in patients with
cancer and venous thrombosis. Blood. 2002; 100:3484-8. [PubMed: 12393647]

. Elting LS, Escalante CP, Cooksley C, Avritscher EB, Kurtin D, Hamblin L, et al. Outcomes and

cost of deep venous thrombosis among patients with cancer. Arch Intern Med. 2004; 164:1653-61.
[PubMed: 15302635]

. Streiff MB, Bockenstedt PL, Cataland SR, Chesney C, Eby C, Fanikos J, et al. Venous

thromboembolic disease. J Natl Compr Canc Netw. 2013; 11:1402-29. [PubMed: 24225973]

. Mandala M, Falanga A, Roila F. Management of venous thromboembolism (VTE) in cancer

patients: ESMO Clinical Practice Guidelines. Ann Oncol. 2011; 22(Suppl 6):vi85-92. [PubMed:
21908511]

10. Siragusa S, Armani U, Carpenedo M, Falanga A, Fulfaro F, Imberti D, et al. Prevention of venous

thromboembolism in patients with cancer: guidelines of the Italian Society for Haemostasis and
Thrombosis (SISET) (1). Thromb Res. 2012; 129:e171-6. [PubMed: 21962722]

11. Farge D, Debourdeau P, Beckers M, Baglin C, Bauersachs RM, Brenner B, et al. International

clinical practice guidelines for the treatment and prophylaxis of venous thromboembolism in
patients with cancer. J Thromb Haemost. 2013; 11:56-70. [PubMed: 23217107]

12. Lyman GH, Khorana AA, Falanga A, Clarke-Pearson D, Flowers C, Jahanzeb M, et al. American

Society of Clinical Oncology guideline: recommendations for venous thromboembolism
prophylaxis and treatment in patients with cancer. J Clin Oncol. 2007; 25:5490-505. [PubMed:
17968019]

13. Kuderer NM, Khorana AA, Lyman GH, Francis CW. A meta-analysis and systematic review of the

efficacy and safety of anticoagulants as cancer treatment: impact on survival and bleeding
complications. Cancer. 2007; 110:1149-61. [PubMed: 17634948]

14. Lyman GH, Khorana AA, Kuderer NM, Lee AY, Arcelus Jl, Balaban EP, et al. Venous

thromboembolism prophylaxis and treatment in patients with cancer: American Society of Clinical
Oncology clinical practice guideline update. J Clin Oncol. 2013; 31:2189-204. [PubMed:
23669224]

15. Heit JA, Silverstein MD, Mohr DN, Petterson TM, O’Fallon WM, Melton LJ 3rd. Risk factors for

deep vein thrombosis and pulmonary embolism: a population-based case-control study. Arch
Intern Med. 2000; 160:809-15. [PubMed: 10737280]

16. Khorana AA, Francis CW, Culakova E, Lyman GH. Risk factors for chemotherapy-associated

venous thromboembolism in a prospective observational study. Cancer. 2005; 104:2822-9.
[PubMed: 16284987]

17. Khorana AA, Francis CW, Culakova E, Fisher RI, Kuderer NM, Lyman GH. Thromboembolism in

hospitalized neutropenic cancer patients. J Clin Oncol. 2006; 24:484-90. [PubMed: 16421425]

18. Komrokji RS, Uppal NP, Khorana AA, Lyman GH, Kaplan KL, Fisher RI, et al. Venous

thromboembolism in patients with diffuse large B-cell lymphoma. Leuk Lymphoma. 2006;
47:1029-33. [PubMed: 16840193]

Thromb Res. Author manuscript; available in PMC 2015 May 01.



1duosnue Joyiny 1duosnue Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Kuderer and Lyman

19.

20.

21.

22.

23.

24.

25.

26.

217.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

Page 8

Falanga A, Marchetti M. Venous thromboembolism in the hematologic malignancies. J Clin Oncol.
2009; 27:4848-57. [PubMed: 19752334]

Cavo M, Zamagni E, Cellini C, Tosi P, Cangini D, Cini M, et al. Deep-vein thrombosis in patients
with multiple myeloma receiving first-line thalidomide-dexamethasone therapy. Blood. 2002;
100:2272-3. [PubMed: 12229885]

Kabbinavar F, Hurwitz HI, Fehrenbacher L, Meropol NJ, Novotny WF, Lieberman G, et al. Phase
I1, randomized trial comparing bevacizumab plus fluorouracil (FU)/leucovorin (LV) with FU/LV
alone in patients with metastatic colorectal cancer. J Clin Oncol. 2003; 21:60-5. [PubMed:
12506171]

Kuenen BC, Levi M, Meijers JC, van Hinsbergh VW, Berkhof J, Kakkar AK, et al. Potential role
of platelets in endothelial damage observed during treatment with cisplatin, gemcitabine, and the
angiogenesis inhibitor SU5416. J Clin Oncol. 2003; 21:2192-8. [PubMed: 12775746]
Scappaticci FA, Skillings JR, Holden SN, Gerber HP, Miller K, Kabbinavar F, et al. Arterial
thromboembolic events in patients with metastatic carcinoma treated with chemotherapy and
bevacizumab. J Natl Cancer Inst. 2007; 99:1232-9. [PubMed: 17686822]

Nalluri SR, Chu D, Keresztes R, Zhu X, Wu S. Risk of venous thromboembolism with the
angiogenesis inhibitor bevacizumab in cancer patients: a meta-analysis. JAMA. 2008; 300:2277—
85. [PubMed: 19017914]

Zangari M, Fink LM, Elice F, Zhan F, Adcock DM, Tricot GJ. Thrombotic events in patients with
cancer receiving antiangiogenesis agents. J Clin Oncol. 2009; 27:4865-73. [PubMed: 19704059]

Hurwitz HI, Saltz LB, Van Cutsem E, Cassidy J, Wiedemann J, Sirzen F, et al. Venous
thromboembolic events with chemotherapy plus bevacizumab: a pooled analysis of patients in
randomized phase Il and 111 studies. J Clin Oncol. 2011; 29:1757-64. [PubMed: 21422411]

Bohlius J, Wilson J, Seidenfeld J, Piper M, Schwarzer G, Sandercock J, et al. Recombinant human
erythropoietins and cancer patients: updated meta-analysis of 57 studies including 9353 patients. J
Natl Cancer Inst. 2006; 98:708-14. [PubMed: 16705125]

Khorana AA, Francis CW, Blumberg N, Culakova E, Refaai MA, Lyman GH. Blood transfusions,
thrombosis, and mortality in hospitalized patients with cancer. Arch Intern Med. 2008; 168:2377—
81. [PubMed: 19029504]

Khorana AA, Kuderer NM, Culakova E, Lyman GH, Francis CW. Development and validation of
a predictive model for chemotherapy-associated thrombosis. Blood. 2008; 111:4902-7. [PubMed:
18216292]

Khorana AA, Connolly GC. Assessing risk of venous thromboembolism in the patient with cancer.
J Clin Oncol. 2009; 27:4839-47. [PubMed: 19720906]

American Cancer Society. Cancer facts and figures for African Americans 2011-2012. Atlanta:
American Cancer Society; 2011.

Ay C, Dunkler D, Marosi C, Chiriac AL, Vormittag R, Simanek R, et al. Prediction of venous
thromboembolism in cancer patients. Blood. 2010; 116:5377-82. [PubMed: 20829374]

Khorana AA, O’Connell C, Agnelli G, Liebman HA, Lee AY, et al. Subcommittee on H.
Incidental venous thromboembolism in oncology patients. J Thromb Haemost. 2012; 10:2602-4.
[PubMed: 23362525]

George, DJ.; Agnelli, G.; Fisher, W.; AK, K.; Lassen, MR.; Mismetti, P., et al. Venous
Thromboembolism (VTE) Prevention with Semuloparin in Cancer Patients Initiating
Chemotherapy: Benefit-Risk Assessment by VTE Risk in SAVE-ONCO. Blood 2011; ASH
Annual Meeting Program and Proceedings;

Verso M, Agnelli G, Barni S, Gasparini G, LaBianca R. A modified Khorana risk assessment score
for venous thromboembolism in cancer patients receiving chemotherapy: the Protecht score. Intern
Emerg Med. 2012; 7:291-2. [PubMed: 22547369]

Lee AY. Anticoagulation in the treatment of established venous thromboembolism in patients with
cancer. J Clin Oncol. 2009; 27:4895-901. [PubMed: 19738121]

Lyman GH. Thromboprophylaxis with low-molecular-weight heparin in medical patients with
cancer. Cancer. 2009; 115:5637-50. [PubMed: 19827150]

Levine MN. New antithrombotic drugs: potential for use in oncology. J Clin Oncol. 2009;
27:4912-8. [PubMed: 19738103]

Thromb Res. Author manuscript; available in PMC 2015 May 01.



1duosnue Joyiny 1duosnue Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Kuderer and Lyman

39.

40.

41.

42.

43.

44,

45,

46.

47.

48.

49.

50.

5L

52.

53.

54.

55.

56.

Page 9

den Exter PL, Hooijer J, Dekkers OM, Huisman MV. Risk of recurrent venous thromboembolism
and mortality in patients with cancer incidentally diagnosed with pulmonary embolism: a
comparison with symptomatic patients. J Clin Oncol. 2011; 29:2405-9. [PubMed: 21555690]

O’Connell CL, Boswell WD, Duddalwar V, Caton A, Mark LS, Vigen C, et al. Unsuspected
pulmonary emboli in cancer patients: clinical correlates and relevance. J Clin Oncol. 2006;
24:4928-32. [PubMed: 17050877]

Ambrus JL, Ambrus CM, Mink 1B, Pickren JW. Causes of death in cancer patients. J Med. 1975;
6:61-4. [PubMed: 1056415]

Sallah S, Wan JY, Nguyen NP. Venous thrombosis in patients with solid tumors: determination of
frequency and characteristics. Thromb Haemost. 2002; 87:575-9. [PubMed: 12008937]

Stein PD, Beemath A, Meyers FA, Skaf E, Sanchez J, Olson RE. Incidence of venous
thromboembolism in patients hospitalized with cancer. Am J Med. 2006; 119:60-8. [PubMed:
16431186]

Levitan N, Dowlati A, Remick SC, Tahsildar HI, Sivinski LD, Beyth R, et al. Rates of initial and
recurrent thromboembolic disease among patients with malignancy versus those without
malignancy. Risk analysis using Medicare claims data Medicine (Baltimore). 1999; 78:285-91.
Cohen AT, Davidson BL, Gallus AS, Lassen MR, Prins MH, Tomkowski W, et al. Efficacy and
safety of fondaparinux for the prevention of venous thromboembolism in older acute medical
patients: randomised placebo controlled trial. BMJ. 2006; 332:325-9. [PubMed: 16439370]
Leizorovicz A, Cohen AT, Turpie AG, Olsson CG, Vaitkus PT, Goldhaber SZ. Randomized,
placebo-controlled trial of dalteparin for the prevention of venous thromboembolism in acutely ill
medical patients. Circulation. 2004; 110:874-9. [PubMed: 15289368]

Samama MM, Cohen AT, Darmon JY, Desjardins L, Eldor A, Janbon C, et al. A comparison of
enoxaparin with placebo for the prevention of venous thromboembolism in acutely ill medical
patients. Prophylaxis in Medical Patients with Enoxaparin Study Group. N Engl J Med. 1999;
341:793-800. [PubMed: 10477777]

Francis CW. Prevention of venous thromboembolism in hospitalized patients with cancer. J Clin
Oncol. 2009; 27:4874-80. [PubMed: 19704060]

Hull RD, Schellong SM, Tapson VF, Monreal M, Samama MM, Nicol P, et al. Extended-duration
venous thromboembolism prophylaxis in acutely ill medical patients with recently reduced
mobility: a randomized trial. Ann Intern Med. 2010; 153:8-18. [PubMed: 20621900]

Riess H, Haas S, Tebbe U, Gerlach HE, Abletshauser C, Sieder C, et al. A randomized, double-
blind study of certoparin vs. unfractionated heparin to prevent venous thromboembolic events in
acutely ill, non-surgical patients: CERTIFY Study. J Thromb Haemost. 2010; 8:1209-15.
[PubMed: 20218984]

Schellong SM, Haas S, Greinacher A, Schwanebeck U, Sieder C, Abletshauser C, et al. An open-
label comparison of the efficacy and safety of certoparin versus unfractionated heparin for the
prevention of thromboembolic complications in acutely ill medical patients: CERTAIN. Expert
Opin Pharmacother. 2010; 11:2953-61. [PubMed: 20950224]

Carrier M, Khorana AA, Moretto P, Le Gal G, Karp R, Zwicker JI. Lack of evidence to support
thromboprophylaxis in hospitalized medical patients with cancer. Am J Med. 2014; 127(1):82-6.
el. [PubMed: 24384102]

Kakkar AK, Haas S, Wolf H, Encke A. Evaluation of perioperative fatal pulmonary embolism and
death in cancer surgical patients: the MC-4 cancer substudy. Thromb Haemost. 2005; 94:867-71.
[PubMed: 16270644]

Kakkar AK. Prevention of venous thromboembolism in the cancer surgical patient. J Clin Oncol.
2009; 27:4881-4. [PubMed: 19738112]

Clarke-Pearson DL, Synan IS, Dodge R, Soper JT, Berchuck A, Coleman RE. A randomized trial
of low-dose heparin and intermittent pneumatic calf compression for the prevention of deep
venous thrombosis after gynecologic oncology surgery. Am J Obstet Gynecol. 1993; 168:1146-53.
discussion 53-4. [PubMed: 8475960]

Clarke-Pearson DL, Dodge RK, Synan I, McClelland RC, Maxwell GL. Venous thromboembolism
prophylaxis: patients at high risk to fail intermittent pneumatic compression. Obstet Gynecol.
2003; 101:157-63. [PubMed: 12517661]

Thromb Res. Author manuscript; available in PMC 2015 May 01.



1duosnue Joyiny 1duosnue Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Kuderer and Lyman

57.

58.
59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

Page 10

Roderick P, Ferris G, Wilson K, Halls H, Jackson D, Collins R, Baigent C. Health Technol Assess.
2005; 9:1-78.
Kakkar VV, Sagar S, Lewis M. Lancet. 1975; 2:674-6. [PubMed: 52050]

Bergqvist D, Burmark US, Flordal PA, Frisell J, Hallbook T, Hedberg M, et al. Low molecular
weight heparin started before surgery as prophylaxis against deep vein thrombosis: 2500 versus
5000 Xal units in 2070 patients. Br J Surg. 1995; 82:496-501. [PubMed: 7613894]

Wille-Jorgensen P, Rasmussen MS, Andersen BR, Borly L. Heparins and mechanical methods for
thromboprophylaxis in colorectal surgery. Cochrane Database Syst Rev. 2003:CD001217.
[PubMed: 14583929]

Bergqvist D, Agnelli G, Cohen AT, Eldor A, Nilsson PE, Le Moigne-Amrani A, et al. Duration of
prophylaxis against venous thromboembolism with enoxaparin after surgery for cancer. N Engl J
Med. 2002; 346:975-80. [PubMed: 11919306]

Rasmussen MS. Does prolonged thromboprophylaxis improve outcome in patients undergoing
surgery? Cancer Treat Rev. 2003; 29 (Suppl 2):15-7. [PubMed: 12887945]

Geerts WH, Pineo GF, Heit JA, Bergqgvist D, Lassen MR, Colwell CW, et al. Prevention of venous
thromboembolism: the Seventh ACCP Conference on Antithrombotic and Thrombolytic Therapy.
Chest. 2004; 126(3 Suppl):338S-400S. [PubMed: 15383478]

Kakkar, AK.; Agnelli, G.; Fisher, W.; George, D.; Mouret, P.; Lassen, MR., et al. The Ultra-Low-
Molecular-Weight Heparin Semuloparin for Prevention of Venous Thromboembolism In Patients
Undergoing Major Abdominal Surgery. American Society of Hematology; 2011.

Sakon M, Kobayashi T, Shimazui T. Efficacy and safety of enoxaparin in Japanese patients
undergoing curative abdominal or pelvic cancer surgery: results from a multicenter, randomized,
open-label study. Thromb Res. 2010; 125:e65-70. [PubMed: 19919878]

Simonneau G, Laporte S, Mismetti P, Derlon A, Samii K, Samama CM, et al. A randomized study
comparing the efficacy and safety of nadroparin 2850 1U (0.3 mL) vs. enoxaparin 4000 IU (40 mg)
in the prevention of venous thromboembolism after colorectal surgery for cancer. J Thromb
Haemost. 2006; 4:1693-700. [PubMed: 16796710]

Akl EA, Terrenato |, Barba M, Sperati F, Muti P, Schunemann HJ. Extended perioperative
thromboprophylaxis in patients with cancer. A systematic review. Thromb Haemost. 2008;
100:1176-80. [PubMed: 19132245]

Bottaro FJ, Elizondo MC, Doti C, Bruetman JE, Perez Moreno PD, Bullorsky EO, et al. Efficacy
of extended thrombo-prophylaxis in major abdominal surgery: what does the evidence show? A
meta-analysis. Thromb Haemost. 2008; 99:1104-11. [PubMed: 18521515]

Rasmussen MS, Jgrgensen LN, Wille-Jergensen P. Prolonged thromboprophylaxis with Low
MolecularWeight heparin for abdominal or pelvic surgery (Review). Cochrane Database Syst Rev.
2009:CD004318. [PubMed: 19160234]

Wun T, Law L, Harvey D, Sieracki B, Scudder SA, Ryu JK. Increased incidence of symptomatic
venous thrombosis in patients with cervical carcinoma treated with concurrent chemotherapy,
radiation, and erythropoietin. Cancer. 2003; 98:1514-20. [PubMed: 14508840]

Rosenzweig MQ, Bender CM, Lucke JP, Yasko JM, Brufsky AM. The decision to prematurely
terminate a trial of R-HUEPO due to thrombotic events. J Pain Symptom Manage. 2004; 27:185—
90. [PubMed: 15157043]

Barlogie B, Tricot G, Anaissie E, Shaughnessy J, Rasmussen E, van Rhee F, et al. Thalidomide
and hematopoietic-cell transplantation for multiple myeloma. N Engl J Med. 2006; 354:1021-30.
[PubMed: 16525139]

Rajkumar SV, Blood E, Vesole D, Fonseca R, Greipp PR. Phase Il clinical trial of thalidomide
plus dexamethasone compared with dexamethasone alone in newly diagnosed multiple myeloma:
a clinical trial coordinated by the Eastern Cooperative Oncology Group. J Clin Oncol. 2006;
24:431-6. [PubMed: 16365178]

Zonder JA, Durie BGM, McCoy J, Crowley J, Zeldis JB, Ghannam L, et al. High Incidence of
Thrombotic Events Observed in Patients Receiving Lenalidomide (L) + Dexamethasone (D) (LD)
as First-Line Therapy for Multiple Myeloma (MM) without Aspirin (ASA) Prophylaxis. Blood.
2005; 106:3455.

Thromb Res. Author manuscript; available in PMC 2015 May 01.



1duosnue Joyiny 1duosnue Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Kuderer and Lyman

75.

76.

77.

78.

79.

80.

81.

82.

83.

84.

85.

86.

87.

88.

89.

90.

9L

Page 11

Zangari M, Anaissie E, Barlogie B, Badros A, Desikan R, Gopal AV, et al. Increased risk of deep-
vein thrombosis in patients with multiple myeloma receiving thalidomide and chemotherapy.
Blood. 2001; 98:1614-5. [PubMed: 11520815]

Zangari M, Barlogie B, Anaissie E, Saghafifar F, Eddlemon P, Jacobson J, et al. Deep vein
thrombosis in patients with multiple myeloma treated with thalidomide and chemotherapy: effects
of prophylactic and therapeutic anticoagulation. Br J Haematol. 2004; 126:715-21. [PubMed:
15327525]

Rus C, Bazzan M, Palumbo A, Bringhen S, Boccadoro M. Thalidomide in front line treatment in
multiple myeloma: serious risk of venous thromboembolism and evidence for
thromboprophylaxis. J Thromb Haemost. 2004; 2:2063-5. [PubMed: 15550053]

Rajkumar SV. Thalidomide therapy and deep venous thrombosis in multiple myeloma. Mayo Clin
Proc. 2005; 80:1549-51. [PubMed: 16350272]

Barlogie B, Jagannath S, Desikan KR, Mattox S, Vesole D, Siegel D, et al. Total therapy with
tandem transplants for newly diagnosed multiple myeloma. Blood. 1999; 93:55-65. [PubMed:
9864146]

Weber D, Rankin K, Gavino M, Delasalle K, Alexanian R. Thalidomide alone or with
dexamethasone for previously untreated multiple myeloma. J Clin Oncol. 2003; 21:16-9.
[PubMed: 12506164]

Zangari M, Barlogie B, Thertulien R, Jacobson J, Eddleman P, Fink L, et al. Thalidomide and deep
vein thrombosis in multiple myeloma: risk factors and effect on survival. Clin Lymphoma. 2003;
4:32-5. [PubMed: 12837152]

Agnelli G, Gussoni G, Bianchini C, Verso M, Mandala M, Cavanna L, et al. Nadroparin for the
prevention of thromboembolic events in ambulatory patients with metastatic or locally advanced
solid cancer receiving chemotherapy: a randomised, placebo-controlled, double-blind study.
Lancet Oncol. 2009; 10:943-9. [PubMed: 19726226]

Maraveyas A, Waters J, Roy R, Fyfe D, Propper D, Lofts F, et al. Gemcitabine versus gemcitabine
plus dalteparin thromboprophylaxis in pancreatic cancer. Eur J Cancer. 2012; 48:1283-92.
[PubMed: 22100906]

Riess H, Pelzer U, Hilbig A, Stieler J, Opitz B, Scholten T, et al. Rationale and design of
PROSPECT-CONKO 004: a prospective, randomized trial of simultaneous pancreatic cancer
treatment with enoxaparin and chemotherapy). BMC Cancer. 2008; 8:361. [PubMed: 19055847]
Riess, H.; Pelzer, U.; Opitz, B., et al. A prospective, randomized trial of simultaneous pancreatic
cancer treatment with enoxaparin and chemotherapy. Final Results of the CONKO-004 trial.
American Society of Clinical Oncology (ASCO) Annual Meeting; June 2010; 2010.

Agnelli G, George DJ, Kakkar AK, Fisher W, Lassen MR, Mismetti P, et al. Semuloparin for
thromboprophylaxis in patients receiving chemotherapy for cancer. N Engl J Med. 2012; 366:601—
9. [PubMed: 22335737]

Kuderer, NM.; Ortel, TL.; Khorana, AA., et al. Low-molecular-weight heparin for venous
thromboprophylaxis in ambulatory cancer patients: A systematic review meta-analysis of
randomized controlled trials. American Society of Hematology (ASH) Annual Meeting; December
2009; 2009.

Castelli R, Porro F, Tarsia P. The heparins and cancer: review of clinical trials and biological
properties. Vasc Med. 2004; 9:205-13. [PubMed: 15675186]

Cosgrove RH, Zacharski LR, Racine E, Andersen JC. Improved cancer mortality with low-
molecular-weight heparin treatment: a review of the evidence. Semin Thromb Hemost. 2002;
28:79-87. [PubMed: 11885028]

Siragusa S, Cosmi B, Piovella F, Hirsh J, Ginsberg JS. Low-molecular-weight heparins and
unfractionated heparin in the treatment of patients with acute venous thromboembolism: results of
a meta-analysis. Am J Med. 1996; 100:269-77. [PubMed: 8629671]

Gould MK, Dembitzer AD, Doyle RL, Hastie TJ, Garber AM. Low-molecular-weight heparins
compared with unfractionated heparin for treatment of acute deep venous thrombosis. A meta-
analysis of randomized, controlled trials. Ann Intern Med. 1999; 130:800-9. [PubMed: 10366369]

Thromb Res. Author manuscript; available in PMC 2015 May 01.



1duosnue Joyiny 1duosnue Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Kuderer and Lyman

92.

93.

94.

95.

96.

97.

98.

99.

Page 12

Hettiarachchi RJ, Smorenburg SM, Ginsberg J, Levine M, Prins MH, Buller HR. Do heparins do
more than just treat thrombosis? The influence of heparins on cancer spread. Thromb Haemost.
1999; 82:947-52. [PubMed: 10605808]

Dolovich LR, Ginsberg JS, Douketis JD, Holbrook AM, Cheah G. A meta-analysis comparing
low-molecular-weight heparins with unfractionated heparin in the treatment of venous
thromboembolism: examining some unanswered questions regarding location of treatment,
product type, and dosing frequency. Arch Intern Med. 2000; 160:181-8. [PubMed: 10647756]
Zacharski LR, Henderson WG, Rickles FR, Forman WB, Cornell CJ Jr, Forcier RJ, et al. Effect of
warfarin anticoagulation on survival in carcinoma of the lung, colon, head and neck, and prostate.
Final report of VA Cooperative Study #75. Cancer. 1984; 53:2046-52. [PubMed: 6322957]
Chahinian AP, Propert KJ, Ware JH, Zimmer B, Perry MC, Hirsh V, et al. A randomized trial of
anticoagulation with warfarin and of alternating chemotherapy in extensive small-cell lung cancer
by the Cancer and Leukemia Group B. J Clin Oncol. 1989; 7:993-1002. [PubMed: 2547030]
Maurer LH, Herndon JE 2nd, Hollis DR, Aisner J, Carey RW, Skarin AT, et al. Randomized trial
of chemotherapy and radiation therapy with or without warfarin for limited-stage small-cell lung
cancer: a Cancer and Leukemia Group B study. J Clin Oncol. 1997; 15:3378-87. [PubMed:
9363869]

Lebeau B, Chastang C, Brechot JM, Capron F, Dautzenberg B, Delaisements C, et al.
Subcutaneous heparin treatment increases survival in small cell lung cancer “Petites Cellules”
Group. Cancer. 1994; 74:38-45. [PubMed: 8004580]

Altinbas M, Coskun HS, Er O, Ozkan M, Eser B, Unal A, et al. A randomized clinical trial of
combination chemotherapy with and without low-molecular-weight heparin in small cell lung
cancer. J Thromb Haemost. 2004; 2:1266-71. [PubMed: 15304029]

Klerk CP, Smorenburg SM, Otten HM, Lensing AW, Prins MH, Piovella F, et al. The effect of low
molecular weight heparin on survival in patients with advanced malignancy. J Clin Oncol. 2005;
23:2130-5. [PubMed: 15699479]

100. Sideras K, Schaefer PL, Okuno SH, Sloan JA, Kutteh L, Fitch TR, et al. Low-molecular-weight

heparin in patients with advanced cancer: a phase 3 clinical trial. Mayo Clin Proc. 2006; 81:758—
67. [PubMed: 16770976]

Thromb Res. Author manuscript; available in PMC 2015 May 01.



1duosnue Joyiny 1duosnuen Joyiny 1duasnuen Joyiny

1duasnuen Joyiny

Kuderer and Lyman Page 13

Table 1

VTE Treatment and Prophylaxis Recommendations [14]

2013 Recommendations

Inpatient

11 Hospitalized patients who have active malignancy with acute medical illness or reduced mobility should receive pharmacologic
thromboprophylaxis in the absence of bleeding or other contraindications.

12 Hospitalized patients who have active malignancy without additional risk factors may be considered for pharmacologic
thromboprophylaxis in the absence of bleeding or other contraindications.

1.3 Data are inadequate to support routine thromboprophylaxis in patients admitted for minor procedures or brief infusional chemotherapy,
or in patients undergoing stem cell/ bone marrow transplantation.

Outpatient
2.1 Routine pharmacologic thromboprophylaxis is not recommended in cancer outpatients.

22 Based on limited RCT data, clinicians may consider LMWH prophylaxis on a case-by-case basis in highly selected outpatients with
solid tumors receiving chemotherapy. Consideration of such therapy should be accompanied by a discussion with the patient about the
uncertainty concerning benefits and harms, as well as dose and duration of prophylaxis in this setting.

2.3 Patients with multiple myeloma receiving thalidomide- or lenalidomide-based regimens with chemotherapy and/or dexamethasone
should receive pharmacologic thromboprophylaxis with either aspirin or LMWH for low-risk patients and LMWH for high-risk
patients.

Perioperative

3.1 All patients with malignant disease undergoing major surgical intervention should be considered for pharmacologic
thromboprophylaxis with either UFH or LMWH unless contraindicated because of active bleeding or a high-risk of bleeding with the
procedure.

3.2 Prophylaxis should be commenced preoperatively.

33 Mechanical methods may be added to pharmacologic thromboprophylaxis, but should not be used as monotherapy for VTE prevention
unless pharmacologic methods are contraindicated because of active bleeding or high bleeding risk.

34 A combined regimen of pharmacologic and mechanical prophylaxis may improve efficacy, especially in the highest-risk patients.

35 Pharmacologic thromboprophylaxis should be continued for at least 7-10 days in all patients. Extended prophylaxis with LMWH for
up to 4 weeks postoperatively should be considered for patients undergoing major abdominal or pelvic surgery for cancer who have
high-risk features such as restricted mobility, obesity, history of VTE, or with additional risk factors.

Treatment and Secondary Prophylaxis

4.1 LMWH is preferred over UFH for the initial 5 to 10 days of anticoagulation for the cancer patient with newly diagnosed VTE who
does not have severe renal impairment (defined as creatinine clearance < 30 mL/min).

42 For long term anticoagulation, LMWH for at least 6 months is preferred due to improved efficacy over Vitamin K antagonists. Vitamin
K antagonists are an acceptable alternative for long-term therapy if LMWH is not available.

4.3 Anticoagulation with LMWH or Vitamin K antagonist beyond the initial 6 months may be considered for select patients with active
cancer, such as those with metastatic disease or those receiving chemotherapy.

44 The insertion of a vena cava filter is only indicated for patients with contraindications to anticoagulant therapy. It may be considered as
an adjunct to anticoagulation in patients with progression of thrombosis (recurrent VTE or extension of existing thrombus) despite
maximal therapy with LMWH.

45 For patients with central nervous system malignancies, anticoagulation is recommended for established VTE as described for other
patients with cancer. Careful monitoring is necessary to limit the risk of hemorrhagic complications.

4.6 Use of novel oral anticoagulants for either prevention or treatment of VTE in cancer patients is not recommended at this time.

4.7 Incidental PE and DVT should be treated in the same manner as symptomatic VTE. Treatment of splanchnic or visceral vein thrombi
diagnosed incidentally should be considered on a case-by-case basis, considering potential benefits and risks of anticoagulation.

Anticoagulation and Survival
51 Anticoagulants are not recommended to improve survival in patients with cancer without VTE.

5.2 Patients with cancer should be encouraged to participate in clinical trials designed to evaluate anticoagulant therapy as an adjunct to
standard anticancer therapies.

Risk Assessment
6.1 Cancer patients should be assessed for VTE risk at the time of chemotherapy initiation and periodically thereafter.

6.1a  Inthe outpatient setting, risk assessment can be conducted based on a validated risk assessment tool
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2013 Recommendations

6.2b  Solitary risk factors, including biomarkers or cancer site, do not reliably identify cancer patients at high-risk of VTE.

6.2 Oncologists should educate patients regarding VTE, particularly in settings that increase risk such as major surgery, hospitalization,
and while receiving systemic anti-neoplastic therapy. Patient education should at least include a discussion of the warning signs and
symptoms of VTE, including leg swelling or pain, sudden-onset chest pain, and shortness of breath.

Thromb Res. Author manuscript; available in PMC 2015 May 01.



1duosnue Joyiny 1duosnuen Joyiny 1duasnuen Joyiny

1duasnuen Joyiny

Kuderer and Lyman Page 15

Table 2
Risk Score for Predicting Outpatient VTE in Cancer Patients [29]

Patient Characteristics Risk Score

Site of cancer

Very high-risk (stomach, pancreas) 2
High-risk (lung, lymphoma, gynecologic, bladder, testicular) 1
Prechemotherapy platelet count 350000/mm3 or more 1
Hemoglobin level less than 10g/dL or use of red cell growth factors 1
Prechemotherapy leukocyte count more than 11000/mm3 1
Body mass index 35kg/m? or more 1

High-risk score = 3; Intermediate risk score =1-2; Low-risk score =0. Primary brain tumor and myeloma patients were not part of this study.
Information on the impact of prior VTE is also not available in this study.
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