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Abstract
In 1977, a 5-year-old girl diagnosed with acute lymphoblastic leukemia (ALL) was treated on
DFCI Childhood ALL Protocol 77-01, receiving a cumulative doxorubicin dose of 465 mg/m2,
cranial radiation, and other drugs. After being in continuous complete remission for 34 months,
she developed heart failure (HF) and was treated with digoxin and furosemide. At 16, she was
diagnosed and treated for dilated cardiomyopathy. Over the years she continued to have bouts of
HF, which became less responsive to treatment. At 36, she received a heart transplant. Six months
later, she stopped taking her medications and suffered a sudden cardiac death.
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Case
In 1977, a 5-year-old girl was diagnosed as having acute lymphoblastic leukemia (ALL).
She was treated on DFCI ALL Protocol 77-011 that included induction therapy with
vincristine, prednisone, and doxorubicin. Post-induction therapy included an initial dose rate
of 60 mg/m2 of doxorubicin every 3 weeks, but was reduced after unacceptable cardiac
toxicity to 45 mg/m2 every 3 weeks until a total dose of 465 mg/m2 was reached.1 Central
nervous system treatment consisted of 24 Gy cranial radiation and intrathecal methotrexate.
Additional chemotherapy consisted of courses of vincristine, prednisone, and 6-
mercaptopurine, methotrexate and asparaginase. Therapy ended in 1979 after 30 months of
continuous complete remission.
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Four months after completing ALL-directed therapy, she developed shortness of breath that
led to the diagnosis of heart failure (HF). At that point, she had been in continuous complete
remission from leukemia for 34 months. Her left ventricular fractional shortening (LVFS)
was approximately 14%, as measured by echocardiography. She was begun on digoxin and
furosemide, and 6 months later her LVFS was 24%. She did well after that and was followed
by pediatric cardiology and oncology physicians.

She was weaned off furosemide approximately 5 years later, at the age of 13 years, and one
year after that weaned off digoxin. At age 14 her LVFS was 28%. At age 16, shortness of
breath recurred concomitant with an upper respiratory viral infection. Her LVFS was 18%.
She was diagnosed with a dilated cardiomyopathy and treated with digoxin, furosemide, and
enalapril. She remained on the enalapril and was gradually weaned off the digoxin and
furosemide. Over the next 10 years she continued to have bouts of HF during episodes of
mild respiratory illnesses. She received digoxin and furosemide during each of these bouts.

In her late twenties, her care was transferred from a pediatric cardiologist to an adult
cardiologist. She never became pregnant, did not smoke, use drugs, or drink excessive
amounts of alcohol. At age 27 she underwent bariatric surgery after her BMI reached 39.7;
post-operatively, her BMI stabilized at approximately 20. She subsequently developed
persistent vitamin D deficiency and iron deficiency anemia, for which she received vitamin
D3 and periodic IV iron supplementation.

Throughout her early thirties, her overall health declined and she developed type II diabetes,
amenorrhea, chronic migraine headaches, and hip and back pain. Her acute episodes of HF
became less responsive to treatment and she had progressively worsening LVFS. After runs
of paroxysmal atrial fibrillation, an implantable defibrillator and pacemaker were
considered. She was started on carvedilol, in addition to digoxin and furosemide. Whereas in
her twenties her LVFS was 24%, by her early thirties it was only 16% even when she was
not acutely ill. Her HF was characterized by a dilated pattern, suggesting remodeling early
in the course of her condition. She received a heart transplant at age 36. Six months
following cardiac transplant, the patient electively stopped taking her medications, refused
follow-up, and suffered a sudden cardiac death within 2 weeks of stopping her treatment.

Discussion
This patient illustrates several recently reviewed2 key issues pertaining to the late occurring
cardiac effects and other sequelae of anthracycline cardiotoxicity presented at a consensus
conference in Como, Italy.3 First, the patient was treated with doxorubicin and survived
childhood cancer. Anthracyclines have played a substantial role in improving cancer
survivorship over the past 45 years.4 She also demonstrates that patients who suffer from
acute cardiac toxicity soon after doxorubicin therapy are more likely to suffer from marked
late HF.5

In addition to cardiotoxicity, per se, her case also exemplifies the added risks of female sex,
young age at the time of anthracycline treatment, and receiving high dose-rates and high
cumulative doxorubicin doses.6–8 The risk of doxorubicin toxicity in females is thought to
be greater because of the lower expression of p-glycoprotein (hepatic p-glycoprotein is 2.4-
fold lower in females than in males on gene expression array) and the associated higher
intracellular exposures to the drug. P-glycoprotein is also known as multi-drug resistance
gene and pumps doxorubicin and other toxins out of cells and into the biliary tract to be
eliminated in feces.9 Body composition is also implicated in increased toxicity. Skin and
body fat show low uptake of doxorubicin as compared to muscle, suggesting that females
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are predisposed to higher cellular concentrations of doxorubicin for any given body-surface
area determined dose.10

Younger patients may be more susceptible because of inhibited cardiac growth.7 Because
time is required for somatic growth to outstrip myocardial growth, the myocardial effects of
doxorubicin on left ventricular mass and afterload become more obvious over time.7

She received a relatively high cumulative dose of doxorubicin, a significant risk factor for
toxicity. The risk of HF for children who receive a cumulative dose of 100 to 399 mg/m2 is
1.7% compared with 9% for those who receive 500 mg/m2 or more.11 She also received
doxorubicin at a relatively high dose-rate, which has typically been associated with
increased afterload and decreased LVFS.7

Cranial radiation, a component of her CNS treatment, is associated with significant sequelae,
particularly in women. Compared with men who received the same treatment, women show
greater increases in BMI over time, increased neurocognitive impairment, and greater
reductions in final height.12,13

The interaction between weight and cardiac disease progression remains unclear.14,15

Higher BMI has been shown to be associated with better cardiac outcomes in the setting of a
chronic systolic HF diagnosis.16 However, alternative measures of body composition and
improved understanding of the heterogeneity of obesity17 may help to clarify what until now
has been a paradoxical relationship.18,19

Persistent vitamin D deficiency, which has been increasingly implicated in elevated
cardiovascular risk, may also have accelerated her declining heart function.20 Among adult
Caucasians routinely referred for cardiac angiography, vitamin D deficiency was found to be
associated with worse New York Heart Association classification and greater impairments in
left ventricular function.21

This patient showed that ACE inhibitor therapy can delay the progression of chronic HF
caused by doxorubicin and can postpone end-stage HF for many years.22 However, clinical
cardiomyopathy associated with anthracycline chemotherapy often becomes refractory to
treatment and carries a poor prognosis.22–24

Cardiac transplantation is an increasingly acceptable treatment option for long-term cancer
survivors with end-stage cardiomyopathy following anthracycline chemotherapy.25–29 A
concern specific to cancer survivors is that cancer might recur. The Pediatric Committee of
the American Society of Transplantation notes that cancer treatment within the past five
years is a relative contraindication for transplantation.30 Results of long-term follow-up of
17 survivors who received cardiac transplant 9.2 years (range, 0.4 to 15.2 years) after cancer
treatment showed a 1 year survival rate of 100% and a 5-year rate of 60%.29

This case underscores the extent of the health-related burden carried by long-term survivors
of anthracycline-treated childhood ALL; thirty years after treatment, the cumulative
incidence of chronic health conditions in this population reaches 73%; more than 40% of
adult survivors of childhood cancer have a severe, disabling, or life threatening condition.31

In light of the unique demands of chronic, particularly cardiac, disease, patients such as ours
may benefit from the services of a dedicated comprehensive multidisciplinary treatment
program. While the data are limited, comprehensive HF programs appear to limit both
hospitalizations and length of hospital stay, while also providing a cost benefit to families.32
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Although most survivors report satisfaction with their lives, certain subgroups show
increased rates of poor health-related quality of life. Those include patients who received
cranial radiation or surgery during treatment and those with a major medical condition
during follow-up; women are at the highest risk.33 Intensive chemotherapy is a significant
risk factor for depression and somatic distress among survivors of leukemia or lymphoma.34

In the setting of extreme disease burden, the question of suicidality among adult survivors of
childhood cancer has recently emerged. Among a large cohort who were at least 5 years
post-treatment, 7.8% of cancer survivors reported suicidal ideation as opposed to only 4.6%
of controls.35 In a single site study, that percentage reached 12.8%.36 In addition, bariatric
surgery has also been shown to be associated with elevated rates of suicide.37

Conclusion
Each year, about 12,400 children are diagnosed with cancer in the United States.38 Overall
5-year survival rate is 80%. Thus, 1 in every 540 adults aged 20 to 34 years in the United
States is a survivor of childhood cancer.38,39 Therefore, an increasing number of patients
treated with anthracyclines are expected to be at risk for late-occurring cardiac morbidity,
although not every child with cancer is treated with anthracyclines and in modern protocols,
the total dose and dose rate tends to be lower than that described for our patient.40 Because
these patients are at risk for HF and other long-term complications of childhood cancer and
its therapy, it is crucial for primary care physicians, cardiologists, and oncologists caring for
adults to be aware of the therapy received by their patients and its long-term risks.31

Many survivors will require long-term monitoring of cardiac function, and among them,
some will inevitably require more definitive therapy for HF. Patients with anthracycline-
induced cardiotoxicity might present to the long-term oncology follow-up clinic or to the
cardiologist without a clear history of HF; up to 6% of such asymptomatic patients have
clinically relevant, long-term cardiac effects.41

Areas for pediatric cardiologists to explore include new biomarkers of early signs of cardiac
toxicity and genetic variations that increase susceptibility to anthracycline toxicity, as well
as strategies for cardioprotection during treatment. Hopefully, new genetic research,
facilitated by the complete sequencing of the human genome, may identify gene mutations
and polymorphisms that increase an individual’s cardiac sensitivity to doxorubicin. Perhaps
the success of these drugs can be also be improved by modulating their cardiotoxicity, either
through cardioprotectants, such as dexrazoxane, or through new agents that maintain the
efficacy of the original class of compounds while reducing their toxicity.8,42,43
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