
hemorrhage. Therapy with rFVIIa, 90 �g/kg, improved oxygenation
in minutes. This dose was repeated for the next 2 days. Diffuse
alveolar hemorrhage and bloody effusion did not recur after the first
dose. The patient was discharged on room air and was receiving
immunosuppressive therapy.

In case 3, diffuse alveolar hemorrhage requiring intubation oc-
curred after unrelated matched allogeneic bone marrow transplanta-
tion in a 28-year-old man with acute leukemia. The hemorrhage was
refractory to treatment with methylprednisolone sodium succinate,
500 mg/m2, and platelet transfusions. Diffuse alveolar hemorrhage
occurred twice on day 49 after bone marrow transplantation. The
patient received rFVIIa, 120 �g/kg, and then 180 �g/kg 6 hours
later when diffuse alveolar hemorrhage recurred. Diffuse alveolar
hemorrhage occurred again on day 54 and was treated with rFVIIa,
90 �g/kg. Oxygenation improved within minutes of each use of
rFVIIa. The patient was extubated but later died of leukemia.

Discussion: Diffuse alveolar hemorrhage is associated with high
morbidity and mortality. In bone marrow transplantation, high-dose
steroids reduce mortality from approximately 90% to 70% (1). In
small-vessel vasculitis, diffuse alveolar hemorrhage is the single best
predictor of death (2). Diffuse alveolar hemorrhage develops in 12%
to 30% of patients with microscopic polyangiitis, with an “early”
mortality rate of approximately 30% (1). Pulmonary hemorrhage
carries the greatest risk for death early in the course of antineutrophil
cytoplasmic autoantibody–positive small-vessel vasculitis (2).

Diffuse alveolar hemorrhage in systemic lupus erythematosus is
associated with nephritis and the antiphospholipid antibody syn-
drome, conditions seen in case 2. Despite the increased risk for

thrombosis in the antiphospholipid antibody syndrome, no patho-
logic clotting was observed with rFVIIa therapy (3).

Factor VIIa initiates coagulation by interacting with factor X
and factor IX (Figure) (4). Zymogen factor X and factor IX activa-
tion classically occur by interaction with an FVIIa–tissue factor com-
plex at injury sites (5). However, zymogen factor IX activation by
rFVIIa also occurs in a concentration-dependent fashion on activated
platelet surfaces, that is, independently of tissue factor (Gabriel DA,
Monroe MD, Li X, Roberts HR. The effect of a high concentration
of recombinant factor VIIa (rhFVIIa) on the activation of platelet-
bound zymogen factor IX. 2002. Unpublished data). Tissue factor–
independent hemostasis by FVIIa probably results from direct acti-
vation of platelet-bound zymogen factor IX, which combines with
factor VIIIa to form a tenase complex (that is, factor VIIIa/factor
IXa/factor X). This complex in turn activates zymogen factor X to
generate thrombin and clot. Therefore, pharmacologic concentra-
tions of rFVIIa may also directly activate zymogen factor IX on
platelets at bleeding sites in diseases that generally have little appar-
ent tissue damage, for example, the Goodpasture syndrome. Throm-
bin modulators, such as antithrombin III and protein C, may limit
deleterious clot propagation at rFVIIa’s site of action. Concentra-
tions of thrombin modulators should be considered before using
rFVIIa, especially in patients with liver disease.

Conclusion: The rapid effect of rFVIIa prolonged life in 3 pa-
tients with diffuse alveolar hemorrhage of different causes. No ad-
verse events were observed.
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Capecitabine Induces Severe Angina-Like Chest Pain

TO THE EDITOR: Background: The cardiovascular side effects of
fluoropyrimidines have been extensively reported (1). However, car-
diotoxicity associated with capecitabine, a novel oral fluoropyrimi-

Figure. Formation of the tenase complex and the
prothrombinase complex.

Infused recombinant-activated human factor VII (rFVIIa) may initiate
hemostasis by a tissue factor (TF)–dependent mechanism or by a TF-
independent mechanism. Classically, TF expressed at an injury site acti-
vates factor VIIa (FVIIa). Then, FVIIa/TF activates both factor IX (FIX)
and factor X (FX). Factor IXa (FIXa) and factor Xa (FXa) lead to stable
thrombin formation by the assembly of the tenase complex (factor VIIIa
[FVIIIa]/FIXa/FX) and the prothrombinase complex (factor Va [FVa]/
FXa/factor II [FII]) on the surface of activated platelets. Infused rFVIIa
may also initiate hemostasis by directly interacting with FIX on activated
platelet surfaces. FIIa � factor IIa; FXIa � factor XIa.
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dine prodrug increasingly used in advanced breast, colorectal, and
gastric cancer, has been infrequently described.

Objective: To describe 3 cases of severe angina-like chest pain
possibly or probably related to capecitabine treatment. These cases
were reported to the Netherlands Pharmacovigilance Centre.

Case Reports: Patient 1, a 44-year-old woman in good clinical
condition, was receiving chemotherapy for advanced ovarian cancer.
When her disease progressed, she was treated with 1500 mg of cape-
citabine twice daily. On the third day of treatment, she developed
severe, reversible angina-like chest pain. Treatment with capecitabine
was discontinued, and symptoms of chest pain fully disappeared
within 2 days.

Patient 2, a 60-year-old man with metastatic colon cancer, re-
ceived chemotherapy consisting of intravenous irinotecan, 250
mg/m2 once every 3 weeks, plus capecitabine, 1000 mg/m2 twice per
day for 14 days. Two days after capecitabine therapy was started, he
developed continuous, severe chest pain that lasted for 1 hour and
radiated to the left arm. He was also nauseated. Treatment with
capecitabine was stopped, and the patient was rechallenged 4 days
later. Two days after the rechallenge, he again developed severe chest
pain. Electrocardiographic monitoring showed significant but revers-
ible ST-segment abnormalities indicative of myocardial ischemia.
Treatment with nitrates was initiated, and capecitabine was with-
drawn. Chemotherapy was continued 3 days later with irinotecan,
125 mg/m2, plus a 1-hour bolus infusion of fluorouracil–leucovorin
(500 mg/m2 of fluorouracil and 20 mg/m2 of leucovorin). Chest
pain did not recur.

Patient 3, a 68-year-old man with colon cancer, was prescribed
1000 mg/m2 of capecitabine twice daily. He was supposed to receive
the drug for 14 days every 3 weeks but developed severe chest pain
and severe nausea on day 3. The patient was pale but hemodynam-
ically stable. Electrocardiography and cardiac ultrasonography
showed a large myocardial infarction and hypokinesia, and troponin
I and creatine kinase–MB levels were substantially elevated. Several
hours later, the patient developed major complex tachycardia and
hypotension; he died within 3 days of onset of angina pectoris.

In summary, all 3 patients developed chest pain 48 to 72 hours
after initiation of capecitabine therapy. In the second patient, iden-
tical chest pain recurred after rechallenge with capecitabine, but
symptoms were not observed during a subsequent bolus infusion of
fluorouracil during co-treatment with isosorbide–mononitrate and
nifedipine.

Discussion: Several factors can predispose patients to angina-like
chest pain induced by fluoropyrimidines, especially previous chest
radiation, history of cardiovascular disease, and concurrent treatment
with other cardiotoxic agents (for example, anthracyclines) (2). How-
ever, we could not identify predisposing factors in any of our pa-
tients. In the database of the World Health Organization Monitor-
ing Centre in Uppsala, Sweden, angina pectoris is reported
statistically significantly more frequently in association with capecit-
abine (reporting odds ratio, 8.35 [95% CI, 4.82 to 14.44]) and
fluorouracil (reporting odds ratio, 9.40 [CI, 7.76 to 11.38]) than
with other drugs in the database. For fluorouracil, cardiotoxicity is
more common after 96-hour continuous infusion than after bolus
administration (7.6% vs. 2%). Oral capecitabine given for 14 days is
thought to have toxic effects similar to those associated with contin-
uous infusion of fluorouracil (3).

Conclusion: In view of the increasing use of capecitabine and the
severity of the possible associated symptoms, it is important to in-
form patients about the risk for angina-like chest pain. Symptoms
will most likely occur within 2 to 3 days after capecitabine therapy is
started. If chest pain is reported, capecitabine treatment must be
stopped immediately and the patient should be monitored closely
until the pain resolves. Patients who develop angina-like chest pain
should not be retreated with capecitabine.
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