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INTRODUCTION
In 1957 streptomyces peucetius was isolated

from southern Italian soil. The compound 1, 4-
hydroxydaunomycin was produced by a variant
strain and called Adriamycin (Adria) because of
the proximity of the parent strain source to Adriatic
Sea1. Doxorubicin hydrochloride, the generic name
for Adriamycin, has a leading role in the treatment
of hematological malignancies and solid tumors. It
is the single most active agent for the treatment of
most types of lymphoma in the “CHOP” regimen
and for metastatic breast cancer in the “CAF” or
“CA” regimens). These regimens ordinarily require
300–400 mg/m2 of doxorubicin for CHOP, 240
mg/m2 for CA, and 240–300 mg/m2 for CAF.
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Purpose: The African-American race was examined as a risk factor for cardiotoxicity from dox-
orubicin-based therapy for cancer.

Patients and Methods: Retrospective survey of the Howard University Hospital cancer registry
during 1997–2001 identified 100 evaluable patients out of 120 African Americans who underwent
doxorubicin-based combination chemotherapy (65% women, 35% men, median age 46 years,
range 32–84 years). The fraction of patients who developed post-treatment cardiotoxicity, defined
as congestive heart failure or a left-ventricular ejection fraction less than 45%, was compared with
that from a retrospective study of 399 patients of unknown age and racial distribution. Cases were
stratified by cumulative dose of doxorubicin. Statistical significance of the difference in incidence of
cardiotoxicity was tested by chi-square analysis.

Results: Patients received multiple doses of doxorubicin (range 264 to 580 mg/m2 with median of
374) with the final echocardiographic assessment at a median of 1.3 years. Howard oncologists
frequently used a 48-hour infusion rather than the conventional rapid bolus to reduce the cardiotox-
icity of doxorubicin. The fraction with cardiotoxicity in our study versus Lefrak’s review at four
ranges of doxorubicin was 25% versus 18% at 551–600 mg/m2, 10% versus 4% at 501–550 mg/m2,
4% versus 1% at 451–500 mg/m2, and 0% versus <1% at <450 mg/m2. Seventy-two percent of the
patients having depressed ejection fraction and/or heart failure were women. African Americans
had a higher rate of cardiotoxicity after doxorubicin (7/100 cases) than that of Lefrak’s (10/399)
study population and were statistically significant at p<0.027 with an odds ratio of 2.93.

Conclusion: We have shown for the first time that African Americans at our institution appear to
suffer cardiotoxicity from doxorubicin three times more frequently than the previously noted study
population. To better clarify this observation, a larger study in a multiracial setting is needed.(J Natl
Med Assoc. 2004;96:196–199.)
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Doxorubicin may produce early or late cardiotox-
ic reactions2. Early effects include: a) pericarditis–
myocarditis; b) significant arrhythmias especially,
AV conduction block, and ventricular arrhythmia;
and c) sudden onset of left ventricular dysfunction
presenting as acute cardiac failure. These early car-
diac effects are idiosyncratic, apparently independ-
ent of dose and very rare. Late cardiac effects are
common dose-dependent loss of left ventricular
function, presenting as congestive heart failure
(CHF). While the time of presentation can vary from
weeks to years after receiving doxorubicin, risk cor-
relates well with cumulative dosing, with risks of
5% at 400 mg/m2 of body surface area and a greater-
than-linear progression above this level. Although
there are no reports in the literature of risk related to
African race, oncologists at Howard University Hos-
pital have long regarded African Americans as hav-
ing a higher risk of doxorubicin cardiotoxicity based
upon their undocumented experience.

Most African-American patients at Howard
have received doxorubicin as a 48-hour infusion
rather than the usual bolus over 30–60 minutes, a
measure which should reduce the frequency of car-
diotoxicity by 43%. In addition, it is well known
that African Americans have a higher prevalence
and earlier onset of cardiovascular diseases, hyper-
tension, and atherosclerosis. The aim of the present
study was to examine African-American race as a
risk factor for cardiotoxicity from doxorubicin-
based therapy for cancer.

PATIENTS AND METHODS
A retrospective survey of the Howard Universi-

ty Hospital cancer registry during 1997–2001 was
conducted to identify all patients who underwent
Adriamycin-based combination chemotherapy.
Charts were reviewed to find evaluable patients
who had records of the cumulative dose of doxoru-
bicin and assessment of clinical cardiac status and
echocardiogram both before therapy and at one- to
four years post-therapy. Post-treatment cardiotoxic-
ity was defined as CHF, or a measured left ventric-
ular ejection fraction less than 45%. The fraction of
patients who developed cardiotoxicity at Howard
was compared with that from a retrospective study
of 399 patients, whose exact age and racial compo-
sition were unknown3,4. Statistical significance of
the difference in incidence of cardiotoxicity was
tested by chi-square analysis. Cases were stratified
by cumulative dose of doxorubicin, and the fre-

quencies at each dosing level were compared
between our cases and the cases mentioned in the
previous study by Lefrak et al.4

RESULTS
Out of 120 eligible patients receiving doxorubicin

combination therapy at Howard during the study
period, 100 patients were evaluable, all of whom
were African American (65% women, 35% men,
median age 46 years, range 32–84 years). Fifteen
patients had hypertension, and 10 were diabetics.
None of the patients had history of CHF or coronary
artery disease before the institution of chemotherapy.
Patients received multiple doses of doxorubicin
(range 264–580 mg/m2 with median of 374 mg/m2)
with the final echocardiographic assessment at a
median of 1.3 years (Table 1). The fractions with car-
diotoxicity in our study versus those from Lefrak’s
study were 25% versus 18% at 551–600 mg/m2, 10%
versus 4% at 501–550 mg/m2, 4% versus 1% at
451–500 mg/m2, and 0% versus <1% at <450 mg/m2

cumulative dose of doxorubicin. Lumping all levels
of exposure, African Americans in our study had a
higher rate of cardiotoxicity after doxorubicin (7/100
cases) than the study population in Lefrak’s study
(10/399), a difference statistically significant at
p<0.027 with an odds ratio of 2.93 (95% confidence
interval from 0.98 to 8.6). Gender did not appear to
be a significant risk factor within our case series.
There were 65 women out of 100 patients. Five out of
seven patients who developed cardiotoxicity (p<0.3
for the chi-square test) were women. In our case
series, 59% of treatments with doxorubicin were for
breast cancer of which five patients developed car-
diotoxicity, 36% for lymphoma of which two devel-
oped cardiotoxicity, and 5% for other malignancies,
with none exhibiting cardiotoxicity.

DISCUSSION
Late cardiotoxic effects of doxorubicin are an

increasing problem for large numbers of patients
who survive cancer. This cardiotoxicity is often pro-
gressive and disabling. In a retrospective study of
399 patient records, CHF and cardiomyopathy were
found to be dose-dependent, and the incidence of
these complications increased considerably when the
cumulative dose of the drug exceeded 400 mg per
square meter of body-surface area4,5. Several risk fac-
tors have been recognized for doxorubicin-induced
cardiomyopathy: age >70 years6,7, combination
chemotherapy6, previous or concomitant mediastinal
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radiotherapy7, underlying cardiac disease7, hyperten-
sion7, and liver disease8. To our knowledge, race has
not previously been reported as a significant risk fac-
tor of doxorubicin cardiotoxicity. It is, therefore,
important that we identified a nearly three-fold
greater rate of this cardiotoxicity in our population of
African-American patients in comparison with earli-
er studies with unknown racial distribution.

While African race is a risk factor for hyperten-
sive and atherosclerotic cardiovascular disease, this
risk would be approximately 1.25- to 1.3-fold at the
median age of our study population (46 years).
Therefore, it is unlikely that most of this increased
risk was due to concurrent cardiovascular disease.

The major limitations of this study are its rela-
tively small size and the lack of concurrent patients

treated at the same institution who were not African.
We plan to embark on retrospective and prospective
surveillance of doxorubicin toxicity within institu-
tions with multiracial cancer patient populations.

It is particularly disturbing that such a high risk
of cardiotoxicity was found among a cancer practice
in which there has been a strong tradition to protect
African-American patients from doxorubicin car-
diotoxicity by utilizing long infusion times (two to
four days) or immediate pretreatment with dexra-
zoxane. Our study serves to emphasize the limita-
tions of most prior studies which largely recruited
caucasian patients. We suspect that the true risk of
this toxicity among African Americans might be
40% greater than estimated from this study, assum-
ing that longer infusions or use of dexrazoxane have
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Table 1. Clinical characteristics of Seven Patients Who Devel

Patient Age (Years)/ Type of Cancer/ Radiation
Number Gender Comorbid Conditions

1 54/ F Breast cancer/hypertension Y
2 48/F Breast cancer Y
3 56/F Breast cancer/arthritis N Cyc
4 82/M Non-Hodgkin’s lymphoma/hypertension N
5 69/M Non-Hodgkin’s lymphoma N
6 34/F Breast cancer N Cyc
7 46/F Breast cancer/asthma Y

ASSISTANT PROFESSOR — The University of Maryland’s Institute of Human Virology is seeking a full time
Assistant Professor (non tenure track) in the Department of Medicine at the University of Maryland
School of Medicine. Candidates must demonstrate a strong interest in the clinical management of HIV
infection and associated diseases and complications. Applicants must be board certified in Internal
Medicine and Infectious Diseases. Responsibilities will include both clinical activity and active partici-
pation in Institute’s clinical research programs. Clinical activity will include providing comprehensive
clinical care in both in/outpatient settings to patients with chronic viral diseases, particularly HIV infec-
tions, as well as providing educational activities directed at fellows and residents. Clinical research
activities will be consistent with the Clinical Research Division’s interests.

Please direct inquiries with CV, four references and a brief description of career plans to Robert R. Red-
field, MD, c/o JoAnn Gibbs, Department of Medicine, Academic Programs Office, Department of
Medicine, Rm N3E10, 22 S. Greene Street, Baltimore, MD 21201. Applicants from diverse racial, ethnic
and cultural backgrounds are encouraged to apply; reference Position 03-309-384.
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a similar protective effect among African Americans
as among caucasians. A direct test of this hypothesis
is urgently needed.

CONCLUSION
We have shown for the first time that African

Americans appear to suffer cardiotoxicity from dox-
orubicin three times more frequently than the previ-
ously mentioned study population. This observation
is particularly disturbing since most of our patients
received protective measures thought to reduce this
cardiotoxicity by 40–50% in contrast to those of the
non-African control group. A larger study in a mul-
tiracial setting is needed to clarify this observation.
This data, because of the numbers involved and lack
of head-to-head comparison cannot be definitive.
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Who Developed Adriamycin-Induced Cardiomyopathy

Treatment Total Dose of Cardiac Status (EF%) Cardiac Status (EF%)
Adriamycin mg/m2 Pretreatment Post-Treatment

Adriamycin + cyclophosphamide 472 55% <40%
Adriamycin + cyclophosphamide 460 60% 40–45%

Cyclophosphamide+adriamycin+ 5-fluorouracil 520 55% 35%
CHOP 510 48% <20%
CHOP 580 55% 15%

Cyclophosphamide+adriamycin+ 5-fluorouracil 480 60% 40%
Adriamycin + cyclophosphamide 518 >55% 40%

ACADEMIC GASTROENTEROLOGIST — The Gastroenterology Division, University of Maryland, Balti-
more (UM,B) and the Baltimore Veterans Affairs Medical Center (BVAMC) is recruiting a full-time
board-certified (Int. Med./GI) gastroenterologist to develop a comprehensive Inflammatory Bow-
el Disease (IBD) program. Candidates should have a track record of clinical investigation and
research creativity. In addition, the successful candidate will possess clinical and personal skills to
facilitate, in rotation with other faculty, clinic and in-patient consultation, teaching of fellows, and
supervision of an outstanding team of RNPs. Academic rank, tenure status and salary commensu-
rate with experience. Interested candidates should send CV and list of 3 references to: Jean-
Pierre Raufman, MD, Head, Division of Gastroenterology and Hepatology, c/o JoAnn Gibbs, Aca-
demic Programs Office, Department of Medicine, University of Maryland Medical Center, N3E10,
22 S. Greene St., Baltimore, MD 21201. The UM,B/BVAMC encourage women and under represent-
ed minorities to apply and are AA/EEO/ADA Employers. Reference Position 03-309-382.
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