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Venous Thromboembolism and Cancer: Risks
and Outcomes

Agnes Y.Y. Lee, MD, FRCPC, and Mark N. Levine, MD, FRCPC

Abstract—Cancer and its treatments are well-recognized risk factors for venous thromboembolism (VTE). Evidence

suggests that the absolute risk depends on the tumor type, the stage or extent of the cancer, and treatment with
antineoplastic agents. Furthermore, age, surgery, immobilization, and other comorbid features will aso influence the
overall likelihood of thrombotic complications, as they do in patients without cancer. The role of hereditary
thrombophiliain patients with cancer and thrombosisis still unclear, and screening for this condition in cancer patients
is not indicated. The most common malignancies associated with thrombosis are those of the breast, colon, and lung,
reflecting the prevalence of these malignancies in the general population. When adjusted for disease prevalence, the
cancers most strongly associated with thrombotic complications are those of the pancreas, ovary, and brain. Idiopathic
thrombosis can be the first manifestation of an occult malignancy. However, intensive screening for cancer in patients
with VTE often does not improve survival and is not generally warranted. Independently of the timing of cancer
diagnosis (before or after the VTE), the life expectancy of cancer patients with VTE isrelatively short, because of both
deaths from recurrent VTE and the cancer itself. Patients with cancer and acute VTE who take anticoagulants for an
extended period are at increased risk of recurrent VTE and bleeding. A recent randomized trial, the Randomized
Comparison of Low Molecular Weight Heparin versus Oral Anticoagulant Therapy for Long-Term Anticoagulation in
Cancer Patients with Venous Thromboembolism (CLOT) study, showed that low molecular weight heparin may be a
better treatment option for this group of patients. The antineoplastic effects of anticoagulants are being actively
investigated with promising preliminary results. (Circulation. 2003;107:1-17-1-21.)
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TE isacommon complication of malignant disease. The

association between cancer and thrombosis is well
established. However, despite the accumulation of a consid-
erable volume of epidemiologic data since the first observa-
tion made by Armand Trousseau in 1865, the pathophysiol-
ogy remains poorly understood. Patients undergoing surgery
for cancer have a higher risk of postoperative deep vein
thrombosis (DVT) than those having surgery for nonmalig-
nant diseases.t Autopsy series have reported increased rates
of pulmonary embolism (PE) in cancer patients compared
with patients without cancer.2 Furthermore, the risk of recur-
rence after afirst episode of VTE is higher in cancer patients
than in those without underlying malignancy.2 Finaly, indi-
viduals presenting with an unprovoked episode of VTE are
more likely to have an underlying cancer than those with an
identifiable risk factor for thrombosis.#5 In this review, the
epidemiology of thrombosis and cancer is discussed in 6
sections: (1) the incidence of VTE in patients with cancer on
and off antineoplastic treatment; (2) the tumors most strongly
associated with thrombosis; (3) the association between VTE
and occult malignancy; (4) management of VTE in patients

with cancer; (5) the inverse association between anticoagu-
lation therapy and cancer survival, and (6) the prognosis of
cancer patients with venous thrombosis.

Incidence of VTE in Patients With Malignancy
and on Cancer Treatment

According to clinical data prospectively collected on the popu-
lation of Olmsted County, Minnesota, since 1966, the annua
incidence of a first episode of DVT or PE in the genera
populationis 117 of 100,000.6 Cancer done was associated with
a4.1-fold risk of thrombosis, whereas chemotherapy increased
the risk 6.5-fold.” Combining these estimates yields an approx-
imate annua incidence of VTE of 1 of 200 in a population of
cancer patients.

The most reliable evidence of the incidence of VTE in
individual s with a specific malignancy comes from controlled
clinical trials of systemic therapy in women with early-stage
breast cancer.8-15 On the basis of the B14 and B20 trialsin the
National Surgical Adjuvant Breast Project,®° which involved
women with estrogen receptor-positive lymph node—negative
breast cancer, the 5-year incidences of VTE in women given
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placebo, tamoxifen, and tamoxifen plus chemotherapy were
0.2%, 0.9%, and 4.2%, respectively. In women with node-
positive breast cancer on chemotherapy, the rate of thrombo-
sis varies between 1% and 10%, with the highest rates of
thrombosis in postmenopausal women.10-18 |n these trials,
chemotherapy plus tamoxifen increased therisk for VTE over
chemotherapy alone by ~4-fold. Furthermore, VTE occurred
only while patients were on treatment and not during
follow-up of adjuvant therapy. Age, hormonal treatment, and
chemotherapy play synergistic roles in thrombosis develop-
ment in patients with cancer.

The extent of cancer a so influences the risk of thrombosis.
In an earlier case series, the rate of thrombosis in patients
receiving chemotherapy for metastatic breast cancer was
17.5%.2° A much lower risk of 4.5% over 6 months was
reported in a more recent randomized trial involving women
with metastatic breast cancer.2° High rates of thrombosis have
also been reported in other cancers, especially in patients with
advanced disease receiving antitumor treatment. For exam-
ple, ~10% of women with advanced ovarian cancer receiving
chemotherapy, and up to 28% of patients with malignant
gliomas have been reported to develop VTE.2223 Patients
with hematologic malignancies also have a high risk for
thrombotic complications, despite disease-related or
chemotherapy-induced thrombocytopenia. Patients with acute
lymphoblastic leukemia have a 4% risk of cerebral vascular
thrombosis during therapy with L-asparaginase,242> whereas
10% of patients with Hodgkin’s or non-Hodgkin's lymphoma
develop VTE.26.27

Very high rates of VTE have been reported in patients
treated with combination therapy including an antiangiogenic
agent. For example, when thalidomide is combined with
cancer chemotherapy, VTE rates of 28% in patients with
multiple myeloma and 43% in patients with rena cell
carcinoma have been reported.2829 Newer, experimenta an-
tiangiogenic agents have also been associated with an unex-
pectedly high risk of thrombotic complications in early-phase
clinical trials.3231 The pathophysiology of thrombosisin these
settings has not been elucidated, but endothelial dysfunction,
aterations in pro- and anticoagulant protein levels, or dereg-
ulation of cytokine activity have been proposed as
mechanisms.

Thrombotic complications are also frequent with indwell-
ing catheters. The incidence is not well established, but
earlier studies have reported rates of symptomatic catheter
thrombosis as high as 14% of patients or 1 event per 1000
device days.32 However, recent prospective studies suggest
therisk of catheter thrombosisislower, at 4% of patients.3334
Although the pathogenesis of catheter thrombosis is aso not
well characterized, it may involve endothelia damage and
local activation of blood coagulation. Infusion of chemother-
apeutic agents or local radiation of the chest or shoulder area
can add to the injury of the involved vessel and increase the
risk of thrombosis in patients receiving active cancer
treatment.

Some patients with cancer may also have hereditary
thrombophilia that can predispose to thrombotic complica-
tions, but only afew small studies have addressed this issue.
The 2 most common genetic causes of thrombophilia identi-

fied to date, factor V Leiden and the prothrombin gene
mutation, have not been specifically associated with throm-
bosis in patients with cancer based on case—control
studies.3>36

Tumors Most Strongly Associated With Thrombosis
Autopsy studies and retrospective reviews suggest that can-
cers of the pancreas, lung, and stomach, and adenocarcinomas
of unknown primary, are most strongly associated with
thrombosis,3738 leading to the view that mucin-producing
cancers are the most often associated with VTE. More recent
studies that have adjusted for the prevalence of these tumor
types do support this hypothesis. In a large popul ation-based
study that used the discharge diagnoses of >7000 Medicare
patients (>65 years of age) admitted to hospital with a
diagnosis of both malignancy and VTE, Levitan et a found
the highest rates of VTE in cases of ovarian cancer (1.2%),
brain tumors (1.2%), and cancer of the pancreas (1.1%).2°
Still, these are not the tumors observed most frequently in
individuals who present with VTE. In contemporary clinical
trials evaluating antithrombotic agents, in which ~20% of
subjects have some form of cancer, the most common cancers
involve the prostate, colon, lung, and brain in men, and the
breast, lung, and ovary in women.“° These findings are
consistent with the report by Levitan et al, in which lung
cancer accounted for 21% of cases, colon cancer for 18%, and
prostate cancer for 17%.3°

In summary, athough patients with mucin-producing ade-
nocarcinomas seem more likely to develop thrombosis, the
most frequent types of cancers found in patients with throm-
bosis are those most prevalent in the population.

The Association Between VTE and Occult Cancer
An association between thrombosis and occult cancer has
long been recognized. Thrombotic events can manifest as
classica DVT or PE, but they can also develop in less
common sites, such as the veins of the arms or neck, the vena
cavae, or the visceral, portal, or cerebra circulation.*t

A diagnosis of cancer is more likely to arise in patients
without identified risk factors for thrombosis who present
with apparently spontaneous DVT than in those in whom
secondary DVT occurs postoperatively or in another high-
risk situation, or patients with signs and symptoms of DVT in
whom thrombosis is subsequently excluded. On the basis of a
pooled analysis of 4 cohort studies, the odds ratio for newly
diagnosed malignancy in patients with VTE compared with
those who had VTE excluded was 3.2.4 Similarly, there is a
higher incidence of subsequent cancer in patients with idio-
pathic thrombosis than in those with a definite but transient
risk factor at the time of VTE (Table 1).542-46 The variation
in reported incidence likely reflects the different definitions
for idiopathic and secondary cases, and variation in the
intensity of cancer surveillance in each study. In a pooled
analysis of these studies, the odds ratio for subsequent cancer
in patients presenting with idiopathic VTE compared with
secondary VTE was 4.8.44 On the basis of results from cohort
studies and clinical trials, ~10% of persons presenting with
idiopathic VTE are subsequently diagnosed with cancer over
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Incidence of Cancer After Diagnosis of VTE

Rate of Cancer

Study Idiopathic (%) Secondary (%)
Aderka 1986 9/35 (25.7) 2/48 (4.2)
Prandoni 1992 11/145 (7.6) 2/105 (1.9)
Anmed 1996 3/113 (2.7) 0/83 (0.0)
Monreal 19974 4/96 (4.2) 4/563 (0.7)
Hettiarachchi 1998° 10/137 (7.3) 3/189 (1.6)
Rajan 1998% 13/152 (8.6) 8/112 (7.1)

5 to 10 years, and the diagnosis is established within the first
year of presentation of DVT in >75% of cases.542-47

This likelihood of identifying occult cancer after an epi-
sode of idiopathic VTE is supported by 2 population registry
studies. Using data from national hospital and cancer regis-
tries, Baron et a found that the standardized incidence ratio
(SIR, the observed number of cases divided by the expected
number of cases in the age-matched normal population) was
4.4 for cancer at 1 year after diagnosis of VTE.#¢ Using a
similar database linkage strategy, Serensen et a found a
lower SIR of 1.3 for cancer in patients with DVT or PE over
15 years of follow-up.#? In both studies, the SIR was highest
within the first 6 months, dropping almost to baseline levels
12 months after presentation with VTE. The strongest asso-
ciations were seen with cancers of the pancreas, ovary, liver,
and brain. In the study by Sgrensen et al, 40% of patients
diagnosed with cancer within 1 year after VTE had distant
metastases by the time of cancer diagnosis.

Given the association between idiopathic VTE and occult
cancer, it has been suggested that patients with unprovoked
thrombosis routinely undergo investigation for underlying
malignancy. However, there is little evidence to date that
routine cancer screening would be worthwhile or cost-
effective in this situation. The preliminary results of a small
randomized trial evaluating extensive screening versus no
screening in patients presenting with idiopathic VTE were
reported recently.>® The battery of tests used for extensive
screening included ultrasound and computed tomography of
the abdomen and pelvis, stool guaiac examination, gastros-
copy, colonoscopy, sputum cytology, mammography, manual
pelvic or prostate examination, and measurement of tumor
markers (eg, prostate-specific antigen and carcinoembryonic
antigen). Thirteen of 99 patients alocated to the extensive
screening group compared with 0 of 102 patients in the
control group were initially found to have cancer by these
means. During the 2-year follow-up period, a diagnosis of
cancer was established in 10 patients in the control group and
1 in the screened group. There was no significant difference
in cancer-related mortality between the 2 groups (3.9% versus
2.0%, respectively), although this finding may be areflection
of the small number of study subjects. Still, these results give
rise to the preliminary conclusion that earlier diagnosis of
cancer does not trandate into improved prognosis and sur-
vival. In patients with idiopathic VTE, supplementation of a
comprehensive medical history and a physical examination
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with basic blood work, and a chest x-ray in smokers, can be
expected to detect ~90% of occult cancers.5t

In summary, acute VTE can be the first manifestation of an
occult malignancy, and patients presenting with idiopathic
VTE are more likely to have underlying cancer than those in
whom a secondary cause of thrombosisis apparent. Extensive
screening for cancer in patients with idiopathic VTE is not
routinely warranted. However, further large-scale studies of
the role of such screening in idiopathic VTE are necessary.

Treating VTE in Patients With Cancer

Long-term anticoagulation using vitamin K antagonists is
associated with high rates of recurrent VTE and bleeding in
patients with cancer. Thistherapy isalso difficult to supervise
in this group of patients, as it requires frequent blood testing
to maintain dosage levels within the therapeutic range.
Investigators with the recent CLOT trial reported a significant
reduction in recurrent VTE in patients randomized to a low-
molecular-weight heparin (LMWH) compared with patients
who received the heparin plus a vitamin K antagonist.52 This
benefit was achieved without any increase in bleeding. The
results from the trial may change the way this specia subset
of patients is treated.

Anticoagulation Therapy and Cancer Progression

The potential for anticoagulant therapy to retard tumor
progression and improve survival was first examined in a
large clinical trial in 1984.5% Since then, supportive but
inconclusive evidence for an antineoplastic effect of heparins
and other antithrombotic agents has come from animal tumor
models and retrospective analyses of clinical trials.545 The
first study designed to specifically examine the influence of
LMWH on overal survival in cancer patients with advanced
solid tumors was reported recently.56 In this randomized,
placebo-controlled study, Kakkar et a found no differencein
survival at 1, 2, and 3 years between 185 patients treated with
dalteparin and 181 patients who received placebo. However,
in a subgroup analysis of good prognosis patients, there was
a statistically significant improvement in survival in favor of
LMWH. These results are encouraging, and further trias
evaluating the antineoplastic effect of LMWH are warranted.

Prognosis of Patients With Cancer and VTE
Patients with cancer who develop VTE have reduced life
expectancy. On the basis of long-term follow-up data on
patients with thrombosis, those with cancer have a 4- to
8-fold higher risk of dying after an acute thrombotic event
than patients without cancer.5”58 Furthermore, patients with
cancer and thrombosis have a lower survival rate than those
with cancer without thrombosis. In a large popul ation-based
study, Serensen and colleagues examined the survival of
patients with cancer and VTE compared with those without
VTE matched for type of cancer, sex, age, and the year of
diagnosis.®® The 1-year survival rate for patients with throm-
bosis was 12% compared with 36% in control patients
(P<0.001). The mortality ratio associated with VTE was 2.2
for the 1-year follow-up period. This high mortality probably
reflects deaths due to both thromboembolism and a more
aggressive course of malignancies associated with VTE.
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Conclusion

Patients with cancer have multiple risk factors for thrombo-
embolic disease. Further epidemiological research will pro-
vide more reliable estimates of the thrombotic risk associated
with different types of tumors, stages of disease, and antitu-
mor treatments. It is anticipated that a better understanding of
the interactions between tumor growth and blood coagulation,
together with the results of the CLOT trial, will help to
improve the prophylactic and treatment strategies for VTE in
these complex patients.

10.

11.

12.

13.

14.

15.

16.

17.

References

. Clagett GP, Reisch JS. Prevention of venous thromboembolism in general

surgical patients. Results of meta-analysis. Ann Surg. 1988;208:227—-240.

. Shen VS, Pollak EW. Fatal pulmonary embolism in cancer patients: is

heparin prophylaxis justified? South Med J. 1980;73:841-843.

. Prandoni P, Lensing AW, Piccioli A, et a. Recurrent venous thrombo-

embolism and bleeding complications during anticoagulant treatment in
patients with cancer and venous thrombosis. Blood. 2002;100:
3484-3488.

. Prins MH, Hettiarachchi RJ, Lensing AW, et a. Newly diagnosed

malignancy in patients with venous thromboembolism. Search or wait and
see? Thromb Haemost. 1997;78:121-125.

. Hettiarachchi RJ, Lok J, Prins MH, et a. Undiagnosed malignancy in

patients with deep vein thrombosis: incidence, risk indicators, and
diagnosis. Cancer. 1998;83:180—-185.

. Silverstein MD, Heit JA, Mohr DN, et a. Trends in the incidence of deep

vein thrombosis and pulmonary embolism: a 25-year population-based
study. Arch Intern Med. 1998;158:585-593.

. Heit JA, Silverstein MD, Mohr DN, et al. Risk factors for deep vein

thrombosis and pulmonary embolism: a population-based case-control
study. Arch Intern Med. 2000;160:809—-815.

. Fisher B, Costantino J, Redmond C, et al. A randomized clinical tria

evaluating tamoxifen in the treatment of patients with node-negative
breast cancer who have estrogen-receptor-positive tumors. N Engl J Med.
1989;320:479—484.

. Fisher B, Dignam J, Wolmark N, et al. Tamoxifen and chemotherapy for

lymph node-negative, estrogen receptor-positive breast cancer. J Natl
Cancer Inst. 1997;89:1673-1682.

LevineMN, Gent M, Hirsh J, et al. The thrombogenic effect of anticancer
drug therapy in women with stage Il breast cancer. N Engl J Med.
1988;318:404—-407.

Pritchard KI, Paterson AH, Paul NA, et al. Increased thromboembolic
complications with concurrent tamoxifen and chemotherapy in a ran-
domized trial of adjuvant therapy for women with breast cancer. National
Cancer Institute of Canada Clinical Trials Group Breast Cancer Site
Group. J Clin Oncol. 1996;14:2731-2737.

Clahsen PC, van de Velde CJ, Julien JP, et a. Thromboembolic compli-
cations after perioperative chemotherapy in women with early breast
cancer: a European Organization for Research and Treatment of Cancer
Breast Cancer Cooperative Group study. J Clin Oncol. 1994;12:
1266-1271.

Rivkin SE, Green S, Metch B, et a. Adjuvant CMFVP versus tamoxifen
versus concurrent CMFVP and tamoxifen for postmenopausal, node-
positive, and estrogen receptor-positive breast cancer patients: a
Southwest Oncology Group study. J Clin Oncol. 1994;12:2078-2085.
Saphner T, Tormey DC, Gray R. Venous and arterial thrombosis in
patients who received adjuvant therapy for breast cancer. J Clin Oncol.
1991;9:286-294.

Fisher B, Redmond C, Legault-Poisson S, et a. Postoperative chemo-
therapy and tamoxifen compared with tamoxifen alone in the treatment of
positive-node breast cancer patients aged 50 years and older with tumors
responsive to tamoxifen: results from the National Surgical Adjuvant
Breast and Bowel Project B-16. J Clin Oncol. 1990;8:1005-1018.
Weiss RB, Tormey DC, Holland JF, et a. Venous thrombosis during
multimodal treatment of primary breast carcinoma. Cancer Treat Rep.
1981;65:677-679.

Wall JG, Weiss RB, Norton L, et al. Arterial thrombosis associated with
adjuvant chemotherapy for breast carcinoma a Cancer and Leukemia
Group B Study. Am J Med. 1989;87:501-504.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

31.

32.

35.

36.

37.

39.

40.

von Tempelhoff GF, Dietrich M, Hommel G, et al. Blood coagulation
during adjuvant epirubicin/cyclophosphamide chemotherapy in patients
with primary operable breast cancer. J Clin Oncol. 1996;14:2560—2568.
Goodnough LT, Saito H, Manni A, et al. Increased incidence of throm-
boembolism in stage IV breast cancer patients treated with a five-drug
chemotherapy regimen. A study of 159 patients. Cancer. 1984;54:
1264-1268.

Levine M, Hirsh J, Gent M, et a. Double-blind randomised trial of a
very-low-dose warfarin for prevention of thromboembolism in stage IV
breast cancer. Lancet. 1994;343:886—889.

von Tempel hoff GF, Dietrich M, Niemann F, et a. Blood coagulation and
thrombosis in patients with ovarian malignancy. Thromb Haemost. 1997;
77:456-461.

Marras LC, Geerts WH, Perry JR. The risk of venous thromboembolism
is increased throughout the course of malignant glioma: an
evidence-based review. Cancer. 2000;89:640—646.

Quevedo JF, Buckner JC, Schmidt JL, et al. Thromboembolism in
patients with high-grade glioma. Mayo Clin Proc. 1994;69:329-332.
Priest JR, Ramsay NK, Steinherz PG, et al. A syndrome of thrombosis
and hemorrhage complicating L-asparaginase therapy for childhood acute
lymphoblastic leukemia. J Pediatr 1982;100:984-989.

Gugliotta L, Mazzucconi MG, Leone G, et a. Incidence of thrombotic
complications in adult patients with acute lymphoblastic leukaemia
receiving L-asparaginase during induction therapy: a retrospective study.
The GIMEMA Group. Eur J Haematol. 1992;49:63—66.

Ottinger H, Belka C, Kozole G, et a. Deep venous thrombosis and
pulmonary artery embolism in high-grade non-Hodgkin's lymphoma:
incidence, causes and prognostic relevance. Eur J Haematol. 1995;54:
186-194.

Seifter EJ, Young RC, Longo DL. Deep venous thrombosis during
therapy for Hodgkin's disease. Cancer Treat Rep. 1985;69:1011-1013.
Zangari M, Anaissie E, Barlogie B, et a. Increased risk of deep-vein
thrombosis in patients with multiple myeloma receiving thalidomide and
chemotherapy. Blood. 2001;98:1614—-1615.

Desai AA, Vogelzang NJ, Rini BI, et a. A high rate of venous throm-
boembolism in a multi-institutional phase Il trial of weekly intravenous
gemcitabine with continuous infusion fluorouracil and daily thalidomide
in patients with metastatic renal cell carcinoma. Cancer. 2002;95:
1629-1636.

. Marx GM, Steer CB, Harper P, et a. Unexpected serious toxicity with

chemotherapy and antiangiogenic combinations: time to take stock!
J Clin Oncol. 2002;20:1446-1448.

Kuenen BC, Rosen L, Smit EF, et a. Dose-finding and pharmacokinetic
study of cisplatin, gemcitabine, and SU5416 in patients with solid tumors.
J Clin Oncol. 2002;20:1657-1667.

Bona RD. Thrombotic complications of central venous cathetersin cancer
patients. Semin Thromb Hemost. 1999;25:147-155.

. Couban S, Goodyear M, Burnell M, et a. A randomized double-blind

placebo-controlled study of low dose warfarin for the prevention of
symptomatic central venous catheter-associated thrombosis in patients
with cancer. Blood. 2002;100:703a.

. Walshe LJ, Maak SF, Eagan J, et a. Complication rates among cancer

patients with peripherally inserted central catheters. J Clin Oncol. 2002;
20:3276-3281.

Otterson GA, Monahan BP, Harold N, et al. Clinical significance of the
FV:Q% mutation in unselected oncology patients. Am J Med. 1996;101:
406-412.

Fareed J, Hoppensteadt D, Bacher P, et al. Hypercoagulable state in
cancer patients is independent of molecular defects of thrombophilia.
Presented at the Am Society of Hematology Meeting, Philadelphia, PA,
December 610, 2002. Blood. 2002;100:270a.

Sack GH, Jr., Levin J, Bell WR. Trousseau’s syndrome and other man-
ifestations of chronic disseminated coagulopathy in patients with neo-
plasms: clinical, pathophysiologic, and therapeutic features. Medicine
(Baltimore). 1977;56:1-37.

. Lieberman JS, Borrero J, Urdanetam E, et al. Thrombophlebitis and

cancer. JAMA. 1961;177:542-545.

Levitan N, Dowlati A, Remick SC, 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;78:285-291.

Levine M, Gent M, Hirsh J, et al. A comparison of low-molecular-weight
heparin administered primarily at home with unfractionated heparin
administered in the hospital for proximal deep-vein thrombosis. N Engl
J Med. 1996;334:677—-681.


http://circ.ahajournals.org/

/T0Z ‘€T JoquisnoN uo 1sanb Aq /61o°s[eulno feye aa19//:dny wioly papeoumoq

41.

42.

45.

46.

47.

49.

Lee and Levine

Lee AY, Levine MN. The thrombophilic state induced by therapeutic
agents in the cancer patient. Semin Thromb Hemost. 1999;25:137-145.
Prandoni P, Lensing AW, Buller HR, et a. Deep-vein thrombosis and the
incidence of subsequent symptomatic cancer. N Engl J Med. 1992;327:
1128-1133.

. Aderka D, Brown A, Zelikovski A, et al. Idiopathic deep vein thrombosis

in an apparently healthy patient as a premonitory sign of occult cancer.
Cancer. 1986;57:1846-1849.

. Monreal M, Fernandez-L lamazares J, Perandreu J, et a. Occult cancer in

patients with venous thromboembolism: which patients, which cancers.
Thromb Haemost. 1997;78:1316-1318.

Rajan R, Levine M, Gent M, et al. The occurrence of subsequent
malignancy in patients presenting with deep vein thrombosis: results from
a historical cohort study. Thromb Haemost. 1998;79:19-22.

Ahmed Z, Mohyuddin Z. Deep vein thrombosis as a predictor of cancer.
Angiology. 1996;47:261-265.

Schulman S, Lindmarker P. Incidence of cancer after prophylaxis with
warfarin against recurrent venous thromboembolism. Duration of Anti-
coagulation Trial. N Engl J Med. 2000;342:1953-1958.

. Baron JA, Gridley G, Weiderpass E, et al. VVenous thromboembolism and

cancer. Lancet. 1998;351:1077-1080.
Serensen HT, Mellemkj'r L, Steffensen FH, et al. The risk of a diagnosis
of cancer after primary deep venous thrombosis or pulmonary embolism.
N Engl J Med. 1998;338:1169-1173.

. Piccioli A, Prandoni P. Idiopathic venous thromboembolism as a mani-

festation of cancer. Haemostasis. 2001;31(suppl 1):37-39.

51.

52.

55.

56.

57.

58.

59.

VTE and Cancer: Risks and Outcomes 1-21

Cornuz J, Pearson SD, Creager MA, et a. Importance of findings on the
initial evaluation for cancer in patients with symptomatic idiopathic deep
venous thrombosis. Ann Intern Med. 1996;125:785-793.

Lee AYY, Levine MN, Baker RI, et al. Low-molecular-weight heparin
versus coumarin for the prevention of recurrent venous thromboembolism
in cancer. N Engl J Med. In press.

. Zacharski LR, Henderson WG, Rickles FR, et a. 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;53:2046-2052.

. Hettiarachchi RJ, Smorenburg SM, Ginsberg J, et al. Do heparins do more

than just treat thrombosis? The influence of heparins on cancer spread.
Thromb Haemost. 1999;82:947-952.

Zacharski LR, Meechan KR, Algarra SM, et a. Clinica trias with
anticoagulant and antiplatelet therapies. Cancer Metastasis Rev. 1992;11:
421-431.

Kakkar AK, Kadziola Z, Williamson RC, et al. on behalf of the Fragmin
Advanced Malignancy Outcome Study. Low molecular weight heparin
therapy and survival in advanced cancer. Blood. 2002;100:148a.
Prandoni P, Lensing AW, Cogo A, et a. The long-term clinical course of
acute deep venous thrombosis. Ann Intern Med. 1996;125:1-7.

Carson JL, Kelley MA, Duff A, et a. The clinical course of pulmonary
embolism. N Engl J Med. 1992;326:1240-1245.

Serensen HT, Mellemkj'r L, Olsen JH, et al. Prognosis of cancers asso-
ciated with venous thromboembolism. N Engl J Med. 2000;343:
1846-1850.


http://circ.ahajournals.org/

/T0Z ‘€T JoquisnoN uo 1sanb Aq /61o°s[eulno feye aa19//:dny wioly papeoumoq

Associatione

' I ez American
QLm_u.l.aIJQD “ Heart

Venous Thromboembolism and Cancer: Risks and Outcomes
AgnesY.Y. Leeand Mark N. Levine

Circulation. 2003;107:1-17-1-21

doi: 10.1161/01.CIR.0000078466.72504.AC
Circulation is published by the American Heart Association, 7272 Greenville Avenue, Dallas, TX 75231
Copyright © 2003 American Heart Association, Inc. All rights reserved.
Print ISSN: 0009-7322. Online ISSN: 1524-4539

The online version of this article, along with updated information and services, islocated on the
World Wide Web at:
http://circ.ahajournal s.org/content/107/23_suppl_1/1-17

Permissions: Requests for permissions to reproduce figures, tables, or portions of articles originally published
in Circulation can be obtained via RightsLink, a service of the Copyright Clearance Center, not the Editorial
Office. Once the online version of the published article for which permission is being requested is located,
click Request Permissionsin the middle column of the Web page under Services. Further information about
this process is available in the Permissions and Rights Question and Answer document.

Reprints: Information about reprints can be found online at:
http://ww.Ilww.com/reprints

Subscriptions: Information about subscribing to Circulation is online at:
http://circ.ahajournal s.org//subscriptions/



http://circ.ahajournals.org/content/107/23_suppl_1/I-17
http://www.ahajournals.org/site/rights/
http://www.lww.com/reprints
http://circ.ahajournals.org//subscriptions/
http://circ.ahajournals.org/

