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A
cute promyelocytic leukemia (APL) is a rare 
and distinct subtype of acute myeloid leu-
kemia that is characterized by the t(15;17) 

translocation resulting in the fusion of the promy-
elocytic leukemia (PML) gene on chromosome 15 
to the retinoic acid receptor alpha gene on chromo-
some 17.1 Targeted treatment with all-trans retinoic 
acid (ATRA) can result in the diferentiation of 
blasts and has been shown to improve outcome and 
reduce relapse rates. Although APL is considered 
a highly curable malignancy – it has a cure rate of 
up to 90% – fndings from co-operative group trials 
and population-based studies have shown survival 
rates of 65%-70%, with up to 30% early mortality 
in the 30 days after diagnosis.2,3 Te most frequent 
causes of early death are bleeding, infection, and dif-
ferentiation syndrome (DS).4 Diferentiation syn-
drome, which was formerly known as retinoic acid 
or ATRA syndrome), is a potentially fatal clini-
cal syndrome that occurs most often in the frst 3 
weeks of treatment with ATRA or arsenic trioxide 

and is associated with a mortality of 2%-27%.5 DS 
is generally characterized by increases in the white 
blood cell count, weight gain, renal failure, dyspnea, 
pleural or pericardial efusion, pulmonary infl-
trates, and fever.4 Te wide spectrum in presenting 
symptoms can lead to a delay in diagnosis and pos-
sibly a deleterious efect on survival. Te European 
Leukemia Net recommendations suggest that con-
gestive heart failure (CHF) is one of the present-
ing features of DS, however, most of the reports on 
cardiac abnormalities focus on pericardial efusion.6 

Te exact incidence of CHF during the induction 
period has not been well described in the literature. 
Cardiac stunning, which is a transient decrease in 
cardiac function because of sudden cardiac insult, 
is only briefy reported.7 Tis might be a result of 
cytokine storm attributable to tumor lysis in addi-
tion to being part of the DS. Although late onset 
of CHF has been reported in patients with APL,8 
herein we report the incidence of CHF in patients 
during induction for APL with ATRA.
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Background Acute promyelocytic leukemia (APL) is a highly curable malignancy. However, 30% of patients die during therapy induction 
from bleeding, differentiation syndrome (DS), and/or infection. Recommendations suggest that congestive heart failure (CHF) is a presenting 
feature of DS.
Objective To assess the incidence of CHF during induction in patients with APL.
Methods A retrospective chart review was performed of patients diagnosed with APL from December 2004 to July 2013 and managed at 
Georgia Regents University Cancer Center. Baseline and follow-up ejection fractions (EF) were recorded and patients with a drop in EF dur-
ing the induction period were evaluated.
Results Of the 40 evaluable patients, 37 received idarubicin-based chemotherapy. 16 of the 37 patients had a repeat ECHO for suspected 
cardiomyopathy, and 6 of the 16 patients (37.5%) demonstrated a decrease in EF (absolute drop, 10%-35%). The cardiac function recov-
ered completely in 4 patients and partially in 1 patient. Gender, history of hypertension, and body mass index did not seem to correlate 
with incidence of CHF.
Limitations The patient population is very small given the rarity of the disease. Present practice patterns do not routinely address CHF in 
the differential diagnosis.
Conclusions Patients with APL are at risk for cardiac toxicity for a number of reasons, including cytokine storm and infammatory state, use 
of anthracyclines, and DS. The clinical presentation of DS most commonly involves dyspnea and fuid retention, which are also symptoms 
of heart failure. Prompt cardiac evaluation should be undertaken to rule out CHF in APL patients who are going to receive an anthracycline-
based therapy, because early intervention may result in an improved outcome.
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Methods

We performed a retrospective chart review to identify 
patients diagnosed with APL between December 1, 2004 
and July 31, 2013 at Georgia Regents Medical Center and 
the surrounding referring centers we help manage. A total 
of 41 consecutive patients were identifed, all of whom had 
data for a baseline ejection fraction. One patient refused 
treatment and was excluded, leaving a total of 40 patients 
in the study group. IRB approval and patient consents were 
obtained to access clinical data.

Demographic information (age, sex, induction chemo-
therapy, history of hypertension, body mass index) was 
obtained from the charts. Baseline and follow-up ejection 
fractions (EF) were recorded by echocardiogram (ECHO) 
or nuclear medicine (MUGA) scan results as documented 
in the medical records. We analyzed patients with a signif-
cant drop in EF, as defned by a reduction in EF by at least 
10%. Future echocardiogram or MUGA scan results were 
also recorded if they were available for those patients with 
a reduction in EF.

Time to onset of diferentiation syndrome was recorded 
as number of days between diagnosis and frst documenta-
tion of diferentiation syndrome. Survival was recorded as 
number of days from diagnosis to documented death or 
censored at last known follow-up.

Results

Of the 40 patients, 21 (52.5%) were men, and the median 
age was 54 years (range, 19-81; mean, 51.7 years). Most of 
the patients (35) received induction therapy with idarubi-
cin plus ATRA, 3 patients received arsenic trioxide plus 
ATRA, and 2 patients received 7+3 (cytarabine plus dau-
norubicin) and ATRA. In all, 7 patients (17.5%) died dur-
ing the induction period (range, days 5-34).

Sixteen patients (40%) had an ECHO to assess the ejec-
tion fraction during the frst 30 days of treatment for sus-
pected cardiomyopathy. Of those patients, 6 (37.5%) had a 
documented reduction in EF (Table 1). Te age range for 
the 6 patients was 42-81 years (median, 55), half of them 
were male, and all had received idarubicin as part of their 
induction treatment (idarubicin plus ATRA). Te absolute 
reduction in EF was 10%-30%; 1 of the 6 patients had ele-
vation in troponin levels. Four of the 6 patients (67%) had 
a diagnosis of signifcant diferentiation syndrome. Of the 
6 patients with a documented drop in EF, 5 had a follow-
up ECHO to assess cardiac function. Four patients had 
complete recovery of EF, and 1 patient recovered the EF to 
baseline of 45%. Two of the 6 patients with a drop in EF 
died during induction, with 1 death at day 18, and another 
at day 33.

Te remaining 10 patients who had a repeat ECHO but 
did not have a reduction in EF had similar characteristics 
(Table 2). Teir median age was 62 years (range, 19-78), 

9 of the 10 patients had received ATRA plus idarubicin 
induction, 6 were men, and 7 had diferentiation syndrome. 
A history of hypertension was documented in 4 of the 6 
patients (67%) with a drop in EF compared with 6 of the 
10 patients (60%) who did not have a drop EF. Patients 
with a drop in EF had a median body mass index of 28.8 
(range, 20.4-38.2; mean, 28.7) , compared with 34.5 (range, 
26.2-52.6; mean, 34.5) for the patients without a drop in 
EF. Te 24 patients who did not have a repeat ECHO 
did have baseline characteristics that difered signifcantly 
from the patients in whom ECHO was done (Table 3). In 
the group that did not have a repeat ECHO, half of the 
patients were men, 88% received ATRA plus idarubicin, 
and the median age was 50 years (range, 20-77). However, 
only 42% had diferentiation syndrome.

For the 21 patients with documented diferentiation 
syndrome, the median time to onset of DS was 10 days 
(range, 1-23; mean, 10.8). Te median overall survival of 
the entire population was 430 days (range, 5-2,892; mean, 
886). Te median overall survival of the 6 patients with a 
documented drop in EF was 744 days (range, 18-2,588; 
mean, 1,080), compared with 147 days (range, 17-2,270; 
mean, 606) for the 10 patients who had a repeat ECHO 
and no change in EF.

Discussion

Advances in the treatment of APL with the use of ATRA 
and arsenic trioxide, either alone or in combination with 
traditional chemotherapy, have substantially improved 
clinical outcomes for this rare malignancy.9 However, sur-
vival for this group of patients also depends on appropriate 
and aggressive use of supportive care to prevent fatal com-
plications from the disease and its therapy.3 Specifcally, 
the prompt assessment and management of diferentiation 
syndrome is crucial. Te most common presentation of DS 
is respiratory distress, weight gain, and fuid retention.10 

Tese are also common clinical symptoms of heart failure, 
and it is likely that some of these symptoms are attributed 
to DS without appropriate evaluation of cardiac problems.

Anthracycline-induced cardiac injury has been well 
described. It most commonly occurs after repeated doses 
of anthracycline-based therapy and the incidence correlates 
with the lifetime dose administered.12 Te pathophysiol-
ogy of cardiac injury seems to be caused by the genera-
tion of free radicals as a result of repeated injury to cardiac 
myocytes.11 Most of the available literature on cardiotoxic-
ity comes from the evaluation of patients with breast can-
cer. Te described incidence of chronic progressive cardio-
toxicity at doses under 300 mg/m2 of doxorubicin is less 
than 3%.12 Although cardiotoxicity has been described 
after a single dose of anthracyclines, it rarely leads to seri-
ous deterioration.12

In the present study, of the 40 patients who were treated, 
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we have shown a reduction in EF in 6 of 16 patients who 
had an ECHO to assess the ejection fraction during the 
frst 30 days of treatment for suspected cardiomyopathy. A 
follow-up cardiac evaluation was not undertaken for all of 
the patients with diferentiation syndrome, the symptoms 
of which overlap with those of heart failure. Te actual 
incidence of heart failure might be even higher if thor-
oughly evaluated. A very small number of patients received 
arsenic during induction and given this low number, it may 
be difcult to draw any conclusions regarding the inci-
dence of heart failure in arsenic-treated patients. None of 
the characteristics evaluated (body mass index, cardiac risk 
factors, age, or sex) seemed to correlate with incidence of 
heart failure. Patients who were treated with anthracycline-
based consolidation regimens may receive additional cycles 
of anthracycline resulting in further deterioration of car-
diac function. Tis has to be carefully considered, and car-

diac function should be closely monitored in this highly 
curable disease to minimize major organ system toxicity 
and morbidity.

Conclusions

Heart failure can occur in patients undergoing induction 
therapy for acute promyelocytic leukemia, especially if 
anthracycline-based regimens are used. Patients who have 
signs or symptoms of heart failure, with or without other 
evidence of diferentiation syndrome, should have their 
cardiac function re-evaluated. Tis might have immediate 
and long-term treatment implications. We acknowledge 
that this is in a small series of patients and even fewer num-
ber of patients with follow-up echocardiograms done. It is 
not common practice to get echocardiograms in patients 
who exhibit signs of diferentiation syndrome. Tese results 
have to be validated further in a larger cohort of patients 

TABLE I  Patients with reduction in ejection fraction

Patient 
ID no. Age, y Sex BMI History Treatment

Baseline 
EF, %

Repeat 
EF, %

% drop 
in EF

Recovery of 
EF, % DS

Time 
of DS 

onset, d
Survival, 

d

2 56 M 30.2 Y ATRA+IDA 55 25 30 55% N No DSa 2,354

5 81 F 21.1 N ATRA+IDA 70 55 25 Not done N No DSa 33

1 56 F 20.4 Y ATRA+IDA 46 20 26 45 Y 8 2,588

23 54 M 27.4 Y ATRA+IDA 60 45 15 55 Y 10 1,172

31 54 M 38.2 Y ATRA+IDA 65 55 10 65 Y 10 315

39 42 F 34.9 N ATRA+IDA 65 45 20 50 Y 5 18

ATRA, all-trans retinoic acid; BMI, body mass index; DS, differentiation syndrome; EF, ejection fraction; IDA, idarubicin
aAll ‘No DS’ entries indicate that there was no differentiation syndrome documented in the patient’s chart.

TABLE 2  Patients without reduction in ejection fraction

Patient 
ID no. Age, y Sex BMI History Treatment

Baseline 
EF, %

Repeat 
EF, %

% drop 
in EF

Recovery 
of EF, % DS

Time
of DS 

onset, d
Survival, 

d

15 64 M 31.9 Y ATRA+IDA 55 50 No 55 Y 13 1,937

4 75 M 35.5 Y ATRA+IDA 55 55 No NRa Y 13 17

6 19 F 30.1 N ATRA+IDA 55 55 No NR Y 1 31

7 78 M 34.5 Y ATRA+IDA 55 55 No NR Y 12 34

8 68 M 35.1 Y ATRA+IDA 55 55 No NR Y 20 2,270

16 66 M 31.5 N ATRA+IDA 55 55 No NR Y 17 17

21 60 M 32 N ATRA+IDA 55 55 No NR N No DSb 801

26 42 F 52.6 Y ATRA+IDA 77 68 No NR N No DS 656

34 45 F 26.2 N ATRA & 7+3 65 65 No NR N No DS 146

40 57 F 35.4 Y ATRA+ATO 57 58 No NR Y 21 148

7+3, cytarabine plus daunorubicin; ATO, arsenic trioxide; ATRA, all-trans retinoic acid; BMI, body mass index; DS, differentiation syndrome; EF, ejection fraction; IDA, idarubicin; 
NR, no reduction
aAll ‘NR’ entries indicate that there was no reduction documented in the patient’s chart. bAll ‘No DS’ entries indicate that there was no differentiation syndrome documented in the 
patient’s chart.
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and also need a lower threshold to repeat an echocardio-
gram with the symptoms of diferentiation syndrome.
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TABLE 3  Patients without ejection fraction re-evaluation

Patient ID no. Age, y Sex Treatment Baseline EF, % DS Time of DS onset, d Survival, d

3 49 F ATRA+IDA 80 Y 2 11

9 57 M ATRA+IDA 55 Y 15 2,255

10 66 M ATRA+IDA 55 Y 2 2,263

11 39 M ATRA+IDA 55 N No DSa 2,114

12 77 M ATRA+IDA 55 N No DS 2,093

13 50 F ATRA+IDA 55 Y 20 2,087

14 53 M ATRA+IDA 55 N No DS 2,011

17 63 F ATRA+IDA 55 Y 2 5

18 62 F ATRA+IDA 65 N No DS 2,892

19 30 M ATRA+IDA 55 N No DS 1,051

20 31 F ATRA+IDA 55 Y 1 959

22 52 F ATRA+IDA 55 Y 3 816

24 38 M ATRA+IDA 55 N No DS 951

25 54 M ATRA+IDA 65 N No DS 749

27 42 M ATRA+IDA 55 N No DS 437

28 20 M ATRA+IDA 65 N No DS 423

29 54 F ATRA+IDA 55 N No DS 407

30 58 F ATRA+IDA 65 N No DS 336

32 23 M ATRA+IDA 65 Y 21 300

33 43 F ATRA+IDA 55 N No DS 112

35 69 F ATRA & 7+3 65 N No DS 129

36 44 M ATRA+ATO 65 Y 7 153

37 44 F ATRA+ATO 55 Y 23 175

38 33 F ATRA+IDA 66 N No DS 166

7+3, cytarabine plus daunorubicin; ATO, arsenic trioxide; ATRA, all-trans retinoic acid; DS, differentiation syndrome; EF, ejection fraction; IDA, idarubicin
aAll ‘No DS’ entries indicate that there was no differentiation syndrome documented in the patient’s chart.
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