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Tamoxifen-Associated Venous Thrombosis and
Activated Protein C Resistance Due to Factor V Leiden

BACKGROUND. Thromboembolic events are well recognized complications of can-Ilene C. Weitz, M.D.1,2

cers and their treatment. Tamoxifen, an antiestrogen used in the treatment ofValerie K. Israel, M.D.1

breast carcinoma and other malignancies, has been associated with thromboticHoward A. Liebman, M.D.1

events. Activated protein C resistance due to Factor V Leiden is the most prevalent

inherited prothrombotic defect in populations of European descent and has been1 Department of Medicine, University of South-
reported as a major cofactor in the development of thrombosis in women receivingern California School of Medicine, Los Angeles,
estrogens.California.
METHODS. The authors report three patients who developed thromboembolic com-2 California Cancer Medical Center, West Co-
plications while receiving tamoxifen. These patients were studied for the presencevina, California.
of activated protein C resistance by coagulation assay and the presence of Factor

V Leiden by molecular analysis.

RESULTS. All three patients had resistance to activated protein C by coagulation

assay and were determined to be heterozygous for Factor V Leiden by molecular

analysis.

CONCLUSIONS. The authors propose that inheritance of Factor V Leiden signifi-

cantly increases the risk of thrombosis in patients who receive tamoxifen therapy.

All patients prescribed tamoxifen should be carefully questioned regarding per-

sonal and family histories of thrombosis and, when indicated, screened for Factor

V Leiden. Cancer 1997;79:2024–7. q 1997 American Cancer Society.
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Venous and arterial thromboses are well recognized complications
in patients with malignancies. As initially observed by Trousseau

in 18651 and more recently reviewed,2–4 thromboembolic complica-
tions have been described in patients with overt as well as occult
adenocarcinomas. Thromboses have also been described in the set-
ting of cancer treatment. Tamoxifen, an antiestrogen, is commonly
used in the treatment of carcinoma of the breast, melanoma, and
gliomas. Tamoxifen therapy has been reported to be associated with
thromboembolic events, with an incidence reported to be between
3.8–6.8%.5–10 In this article, the authors report three patients who
developed thrombotic complications while receiving tamoxifen ther-
apy. Laboratory evaluation for underlying prethrombotic hemostatic
defects in these patients disclosed activated protein C resistance
(APCR) due to Factor V Leiden. The authors propose that this common

Address for reprints: Howard A. Liebman, M.D., prothrombotic genetic defect significantly increases the risk of throm-
University of Southern California School of bosis in patients receiving tamoxifen.
Medicine, Kenneth Norris Jr. Cancer Hospital,
Topping Tower, 3rd Floor, 1441 Eastlake Ave,

Case ReportsLos Angeles, CA 90033.
Case 1
A 67 year-old white female presented in November 1993 with a 2-cmReceived December 2, 1996; accepted January

21, 1997. left breast mass. She underwent lumpectomy followed by radiation
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therapy for a T1N0M0 (based on the American Joint Case 3
A 40-year-old white male presented in May 1994 withCommittee on Cancer Staging System) infiltrating duc-
a mole on the right chest wall. Biopsy revealed atal adenocarcinoma. The tumor was estrogen receptor
Clark’s level IV melanoma. The patient underwent a(ER) positive and progesterone receptor (PR) and the
wide excision. In March 1995 he developed an axillarypatient was started on tamoxifen, 10 mg twice daily.
mass. Excisonal biopsy confirmed recurrent mela-The patient did well until December 1994, when she
noma. Tissue was taken for autologous vaccine prepa-reported painful swelling of the right leg. Venous
ration. In August 1995 he developed diffuse cutaneousdoppler of the lower extremities was positive for an
metastases as well as liver and lung metastases. Withacute venous occlusion of the femoral vein. The pa-
the exception of 2-mm lesion on the lateral aspect oftient was anticoagulated with heparin followed by war-
the left leg, his cutaneous disease was entirely abovefarin with resolution of her symptoms. Tamoxifen was
the waist. He was treated from August 1995 until Octo-discontinued. The patient’s antithrombin III level was
ber 1995 with cyclophosphamide followed by an autol-88% (normal, 70–120%) and 29 mg/dL (normal, 22 to
ogous melanoma vaccine, but did not have a signifi-39 mg/mL), protein C was 134% (normal, 67–120%),
cant response. He was then treated with combinationand protein S was 118% (normal, 70–125%). The tissue
chemotherapy (Cisplatin, Vinblastine, and decarbaz-factor-dependent factor V assay for APCR assay was
ine), immunotherapy (interleukin-2 and interferon),positive and molecular analysis demonstrated that the
and tamoxifen. At the end of February 1996, the pa-patient was heterozygous for Factor V Leiden. At last
tient presented with acute onset of pain and swellingfollow-up, the patient had no evidence of disease.
of the left leg. Clinical and laboratory evidence was
compatible with a deep venous thrombosis. The pa-
tient was anticoagulated with heparin with rapid reso-Case 2
lution of his symptoms. His antithrombin III was 72%,A 54-year-old white female presented with an abnor-
protein C was 86%, protein S was 93%, D-dimers weremal mammogram of the right breast. A lumpectomy
2000–4000 ng/mL and his APCR assay was positive.revealed a T1N0M0 infiltrating ductal carcinoma. Her
Molecular analysis confirmed that the patient was het-ER was 0 and her PR was 20. She had been receiving
erozygous for Factor V Leiden.

conjugated estrogens and medroxyprogesterone ace-
tate for several years prior to the development of the MATERIALS AND METHODS
mass; these medications were discontinued and ta-

Laboratory studies were performed on blood samples
moxifen, 10 mg twice daily, was given. She also re-

collected in 3.2% sodium citrate from which platelet
ceived radiation therapy to the right breast. In Septem-

poor plasma was prepared by centrifugation at 10,000
ber 1995 the patient noticed a lump on her right upper revolutions per minute at 4 7C for 15 minutes. Plasma
chest. Ultrasound revealed a solid mass that was then samples were stored at 020 7C until tested. Genomic
excised. The pathology was compatible with recurrent DNA was isolated from 200 mL of the cellular pellet
carcinoma of the breast. Chest X-ray, bone scan, and remaining after removal of plasma for coagulation
computed tomography scan of the abdomen were studies using the QAIamp Blood Kit (Qiagen, Chats-
negative for metastatic disease. In November 1995 ta- worth, CA). General coagulation assays and functional
moxifen was discontinued and the patient was treated assays for antithrombin III, protein C, and protein S
with cyclophosphamide doxorubicin, and 5-fluoro- were performed using commercial assay kits (protein
uracil. In early December 1995 the patient was admit- C: Proclot Protein C, ACL Instrument Laboratories,
ted to the hospital after reporting the sudden onset of Lexington, MA, and protein S: Staclot Protein S, Diag-
shortness of breath. The chest X-ray did not show any notica Stago, Asnieres-sur-Seine, France) and as pre-
infiltrates or nodules. A ventilation-perfusion lung viously reported.11 Coagulation assay for APCR and the
scan revealed significant perfusion defects to the right molecular assay for Factor V Leiden were performed
upper lobe as well as to the left mid- and lower lung as recently reported by the authors’ laboratory.12

fields that was highly suggestive of pulmonary embo-
lism. Anticoagulation was begun with heparin and the DISCUSSION
patient was discharged on warfarin. At last follow-up, Thrombotic complications associated with cancers
she was clinically free of disease. The patient’s anti- and cancer treatment are well described.1–4 The mech-
thrombin III was 82%, her protein C was 74%, her anisms are complex. Laboratory evidence of low grade
protein S was 111%, and her APCR assay was positive. disseminated intravascular coagulation is the hallmark
Molecular analysis demonstrated that she was hetero- of Trousseau’s syndrome.1–4 Callander and Rapaport

proposed that this is secondary to exposure of thezygous for Factor V Leiden.
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blood to tissue factor from neoplastic cells.4 However, In this article, the authors report three patients
with APCR who developed thromboses while receivingthrombotic events also occur in patients receiving ad-

juvant treatment with minimal or no clinically evident tamoxifen. Two of the patients were receiving adjuvant
tamoxifen for the treatment of carcinoma of the breast.active tumor. Levine et al.,5 studied 205 patients with

Stage II breast carcinoma treated with adjuvant che- The first patient had Stage I disease with no identifi-
able risk factors for thrombosis other than the use ofmotherapy with and without tamoxifen and found an

overall incidence of thrombosis of 6.8%. In addition, tamoxifen. The second patient had a local recurrence,
but was free of gross disease at the time of the throm-several reports have suggested that the addition of ta-

moxifen may enhance the thrombogenicity of combi- botic event. Tamoxifen had been stopped 4 weeks
prior to the onset of the thrombosis. However, studiesnation chemotherapy.5–10 In two large Eastern Cooper-

ative Oncology Group adjuvant breast carcinoma tri- on the thrombotic risks associated with pregnancy and
birth control pills have shown a continued risk ofals, Saphner et al.6 found an increased incidence of

thrombotic events in both pre- and postmenopausal thrombosis 4 to 6 weeks after delivery or discontinua-
tion of estrogen-containing contraception.28 The thirdwomen receiving tamoxifen in combination with che-

motherapy. Tamoxifen, although considered an anti- patient had advanced melanoma, a malignancy not
reported to have a significantly increased risk ofestrogenic hormone, has overlapping estrogenic ef-

fects. Estrogen has well documented effects on the thrombosis. In a retrotrospective analysis of 182 cases
of malignancy associated with Trousseau’s syndrome,coagulation system. Hypercoagulability due to in-

creased levels of von Willebrand’s factor13,14 factor Sack et al.2 reported only 1 patient with melanoma
and thrombosis.VIII,13,14 fibrinogen,13,14 and mildly decreased levels of

antithrombin III,14 has been demonstrated in women APCR due to Factor V Leiden has emerged as the
most frequently inherited risk factor for thrombosis induring pregnancy and while receiving estrogen for a

wide variety of reasons. Levels of antithrombin III have individuals of European descent. There have been an
increasing number of reports regarding the synergisticbeen reported to decrease in patients receiving tamox-

ifen, but, as reported by Jordan et al.15 and Auger et effects of this defect when combined with other inher-
ited or acquired prothrombotic defects. Although theal.16 these decreases were modest and may not be clin-

ically significant. thrombotic risk for patients taking estrogen-con-
taining birth control pills is estimated to be 4-foldIn 1993, Dahlback et al.17 identified a new mecha-

nism responsible for many cases of unexplained famil- greater than the general population birth control pills
in patients with APCR increases the risk to 30-fold.27ial thrombophilia. APCR has rapidly emerged as the

most common cause of familial thrombophilia, with The authors believe that similar risks exist in women
with APCR who are taking tamoxifen. Therefore, phys-an incidence of 2–5% in the white population.18–21 The

molecular abnormality has been characterized as a icans prescribing tamoxifen as either primary or adju-
vant cancer therapy should extract careful historiespoint mutation in the factor V genome (1691, A for

G).22–24 The abnormal factor V produced as a result of regarding prior thromboembolic events or family his-
tories of thrombosis. If patients histories are ‘‘sugges-the Arg 506-Gln substitution, Factor V Leiden, has lost

an activated protein C cleavage site, thus rendering tive’’ of a prothrombotic risk, the patients should be
screened for APCR. Patients with APCR should bethe protein resistant to activated protein C degrada-

tion.22 The abnormality is inherited in an autosomal counseled regarding their thrombotic risk. The deci-
sion regarding the use of tamoxifen in these patientsdominant fashion with variable penetrance. The mean

age of presentation of initial thrombosis is 25 years in should be made with consideration to the overall risk
to the patient. In selected patients, the use of tamoxi-homozygous patients. In heterozygous patients, the

mean age of presentation is reported as 44 years.25 The fen with prophylactic anticoagulation may be justified.
risk for thrombosis in homozygous patients is 50–100
fold, and it is estimated at 5–10 fold in heterozygous

REFERENCESpatients. The estrogenic effects of oral contraceptives
1. Trousseau A. Phlegmasia alba dolens. Clinique medicale du

and pregnancy may increase the risk of thrombosis l’Hotel-Dieu de Paris. London: The New Sydenham Society,
significantly. Recent studies of thrombosis associated 1865;3:94–9.

2. Sack GH, Levin J, Bell W. Trousseau’s Syndrome and otherwith pregnancy and the use of estrogen-containing
manifestations of chronic disseminated coagulopathy in pa-birth control pills have demonstrated a significant in-
tients with neoplasm: clinical, pathophysiologic, and thera-creased risk of thrombosis in patients with Factor V
peutic features. Medicine (Baltimore) 1977;56:1–37.

Leiden.26,27 However, Rosendaal et al.25 noted that even 3. Rickles F, Edwards R. Activation of blood coagulation in
some homozygous patients had experienced previous cancer: Trousseau’s syndrome revisited. Blood 1983;62:14–

31.pregnancies or surgeries without thrombosis.

/ 7b56$$1055 04-15-97 02:33:00 cana W: Cancer



Factor V Leiden and Taxomifen-Related Thrombosis/Weitz et al. 2027

4. Callander N, Rapaport S. Trousseau’s Syndrome. West J Med JP, Bertina RM. Venous thrombosis due to poor anticoagu-
1993;158:364–71. lant response to activated protein C: Leiden Thrombosis

5. Levine M, Gent M, Hirsch J, Arnold A, Goodyear M, Hrynik Study. Lancet 1993;342:1503–5.
W, et al. The thrombogenic effect of anticancer drug therapy 19. Beauchamp NJ, Daly ME, Hampton KK, Cooper PC, Preston
in women with stage II breast cancer. N Engl J Med E, Peake IR. High prevalence of a mutation in the factor V
1988;318:404–7. gene within the U.K. population: relationship to activated

6. Saphner T, Tormey DC, Gray R. Venous and arterial throm- protein C resistance and familial thrombosis. Br J Haematol
bosis in patients who received adjuvant therapy for breast 1994;88:219–22.
cancer. J Clin Oncol 1991;9:286–94. 20. Ridker PM, Hennekens CH, Lindpaintner K, Stampfer MJ,

7. Lipton A, Harvey HA, Hamilton RW. Venous thrombosis as Eisenberg PR, Miletich JP. Mutation in the gene for coagula-
a side effect of tamoxifen treatment. Cancer Treat Rep tion factor V and the risk of myocardial infarction, stroke
1984;68:887–8. and venous thrombosis in apparently healthy men. N Engl

9. Deshmukh N, Tripathi SP. Thrombosis of tibial arteries in a J Med 1995;332:912–7.
patient receiving tamoxifen therapy. Cancer 1995;76:1006–8. 21. Svensson PJ, Dahlback B. Resistance to activated protein C

10. Hendrick A, Subramanian VP. Tamoxifen and thromboem- as a basis for venous thrombosis. N Engl J Med 1994;
bolism. JAMA 1980;243:514–5. 330:517–22.

11. Liebman HA, Carfagno MK, Weitz IC, Berard P, Diiorio JM, 22. Bertina RM, Koeleman BPC, Koster T, Rosendaal FR, Dirven
Vosburgh E, et al. Excessive fibrinolysis in amyloidosis asso- RJ, de Ronde H, et al. Mutation in blood coagulation Factor
ciated with elevated plasma single-chain urokinase. Am J V associated with resistance to activated protein C. Nature
Clin Pathol 1992;98:534–41. 1994;369:64–7.

12. Liebman HA, Sutherland D, Bacon R, McGehee W. Evalua-
23. Greengard JS, Sun X, Xu X, Fernandez JA, Griffin JH. Acti-

tion of a tissue factor-dependent factor V assay to detect
vated protein C resistance caused by Arg506Gln mutation

factor V Leiden: Demonstration of high sensitivity and speci-
in factor Va [letter]. Lancet 1994;343:1361.

ficity for a generally applicable assay for activated protein
24. Voorberg J, Roelse J, Koopman R, Buller H, Berends F, tenC resistance. Br J Haematol 1996;95:550–3.

Cate JW, et al. Association of idiopathic venous thromboem-13. Bleyer WA, Breckenridge RT. Studies on the detection of adverse
bolism with a single point-mutation at Arg506 of factor V.drug reactions in the newborn. II. The effect of prenatal aspirin
Lancet 1994;343:1535–7.on newborn hemostasis. JAMA 1970;213:2050–3.

25. Rosendaal FR, Koster JP, Vandenbroucke JP, Reitsma PH.14. Stirling Y, Woolf L, North WRS, Deghatchian MJ, Meade TW.
High risk of thrombosis in patients for factor V Leiden (acti-Haemostasis in normal pregnancy. Thromb Haemost 1984;
vated protein C resistance). Blood 1995;85:1504–8.52:176–82.

26. Heligren M, Svensson PJ, Dahlback B. Resistance to acti-15. Jordan VC, Fritz NF, Tormey DC. Long-term adjuvant ther-
vated protein C as a basis for venous thromboembolismapy with tamoxifen: effects on sex hormone binding globulin
associated with pregnancy and oral contraceptives. Am Jand antithrombin III. Cancer Res 1987;47:4517–9.
Obstet Gynecol 1995;173:210–3.16. Auger MJ, Mackie MJ. Effects of tamoxifen on blood coagula-

27. Vandenbroucke JP, Koster T, Briet E, Reitsma PH, Bertination. Cancer 1988;61:1316–9.
RM, Rosendaal FR. Increased risk of venous thrombosis in17. Dahlback B, Carlsson M, Svensson PJ. Familial thrombophi-
oral contraceptive users who are carriers of factor V Leidenlia due to a previously unrecognized mechanism character-
mutation. Lancet 1994;344:1453–7.ized by poor anticoagulant response to activated protein C:

28. Kierkegaard A. Incidence and diagnosis of deep vein throm-prediction of a cofactor to activated protein C. Proc Natl
Acad Sci USA 1993;90:1004–8. bosis associated with pregnancy. Acta Obstet Gynecol Scand

1983;62:239–43.18. Koster T, Rosendaal FR, de Ronde H, Briet E, Vandenbroucke

/ 7b56$$1055 04-15-97 02:33:00 cana W: Cancer


