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Introduction

Acute promyelocytic leukemia (APL) is a distinct subtype
of acute myelogenous leukemia (AML), accounting for 5% of
AML cases in the US.1 Historically, APL was considered one
of the most rapidly lethal forms of AML.2 More recently, the
introduction of all-trans retinoic acid (ATRA) and arsenic tri-
oxide has revolutionized the treatment of APL. APL is now
considered a highly curable disease, with 2-year event-free
survival rates of 75-84%.3-6

Early mortality is common in APL and is frequently related
to hemorrhagic complications.7-8 Prior to ATRA therapy, early
death (ED) related to hemorrhage occurred in up to 26% of
cases.9-11 However, most clinical trials involving ATRA report
ED rates (defined variously as death during or within seven or
30 days from the start of induction chemotherapy, or as death
during induction therapy) of less than 10%.4,5,7,10,12,13 These
improved results have been attributed to amelioration of
APL-induced coagulopathy by prompt ATRA therapy.
However, these results may represent either an underestima-
tion of early mortality, as these patients tend to be excluded
from clinical trials, or improvements in supportive care com-
pared to historical cohorts. In fact, certain trials have found
that the addition of ATRA to combination chemotherapy did
not impact ED rates.4 Enrollment in clinical trials for APL may

be difficult in specific clinical situations, including after-hours
admissions and/or cases requiring emergent therapy.
Additionally, patients with significant co-morbid conditions,
up to 30%, may be deemed unfit for study enrollment.14

Therefore, published trials may underestimate the true mor-
tality associated with APL, particularly if a significant portion
of deaths occur within days of diagnosis. Finally, some trials
have excluded patients from analysis if they die prior to
receiving treatment.3 We, therefore, sought to determine the
incidence of ED in consecutive APL patients managed at
Stanford Hospital since 1997, and to identify clinical charac-
teristics of APL predictive of ED. Unexpectedly, we found
that almost one in 5 patients treated for APL at Stanford
Hospital died within seven days of admission to the hospital,
and more than a quarter of patients died within 30 days.
Next, we used the Surveillance, Epidemiology and End
Results (SEER) Database to determine ED rates from 1976
until 2005 to compare our results to a larger cohort of APL
patients. Surprisingly, while 3-year survival has improved
steadily over this time period within SEER registries, mortal-
ity at 30 days has remained constant.

Design and Methods

Seventy consecutive APL patients who were treated at Stanford
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reported to occur in less than 10% of patients treated in clin-
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early mortality. We show that the risk of early death in acute
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reported. In a cohort of 70 patients who received induction
therapy at Stanford Hospital, 19% and 26% died within
seven and 30 days of admission, respectively. High early mor-
tality was not limited to our institution as evaluation of the
Surveillance, Epidemiology and End Results Database
demonstrated that 30-day mortality for acute promyelocytic
leukemia averaged 20% from 1977-2007 and did not improve

significantly over this interval. Our findings show that early
death is now the greatest contributor to treatment failure in
this otherwise highly curable form of leukemia.
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ABSTRACT



Hospital between March 1997 (electronic records before this time
are unavailable) and July 2009 were identified. Diagnosis of APL
with t(15;17)(q22;q12); PML-RARA according to the WHO classi-
fication system15 was confirmed in all cases. Clinical features
assessed include age, gender, white blood cell count, platelet
count, fibrinogen, PTT, INR, BUN, creatinine, and treatment pro-
tocol. Additionally, we determined the day of the week each
patient was admitted to Stanford Hospital and the time from
admission to the initiation of ATRA. ED was defined as death
within seven days of presentation to Stanford Hospital. Univariate
analysis was performed by Mann-Whitney U test, Fisher’s exact
test, and Cox’s regression models. Overall survival was assessed
by Kaplan-Meier analysis. Statistical testing was performed using
GraphPad Prism version 5.0 (GraphPad Software, La Jolla, CA,
USA), MedCalc version 11.5.0.0 (MedCalc Software, Mariakerke,
Belgium), and R version 2.92. This study was approved by the
Stanford University School of Medicine's Institutional Review
Board (Stanford IRB ID # 16312, approved March 19, 2009).  

The National Cancer Institute’s Surveillance, Epidemiology,
and End Results (SEER) database is a compilation of cancer reg-
istries that covered more than a quarter of the U.S. population.16

Using the SEER*Stat 6.6.2 software package and the SEER 17 data-
base, 30-day death rates and 3-year survival data were obtained
for APL patients aged 15 years and older. Relapse cases and cases
diagnosed only at autopsy were excluded.

Results and Discussion

We identified 70 consecutive APL patients who under-
went initial treatment at Stanford Hospital. In this cohort,
the median age at diagnosis was 50 years (range 19-93)
and 44 (63%) were females. Using the PETHEMA relapse
risk criteria,17 there were 24 (35%), 33 (47%), and 13
(19%) patients with high-, intermediate- and low-risk dis-
ease, respectively. With a median follow-up time of 654
(1-3,991) days for the entire cohort, 24 (34%) have died.
Nineteen and 26% of these patients died within seven and
30 days of presentation, respectively. PETHEMA risk strat-
ification was predictive of death by Day 7 (P=0.04) but not
death by Day 30 (P=0.44). The seven-/30-day mortality
rates in the high-, intermediate-, and low-risk groups were
33%/38%, 15%/24%, and 0%/15%, respectively. Risk
group stratification was not predictive of OS at three or
five years, consistent with prior studies6 (P>0.1 for all
comparisons). Three-year OS in the high-, intermediate-,
and low-risk patients was 56%, 70%, and 83%, respec-
tively (Figure 1A). Excluding patients who suffered ED, 3-
year OS was greater than 78%, regardless of PETHEMA
risk category (Figure 1B).
The median age of patients who suffered ED was 57

years as compared to 47 years in non-ED patients
(P=0.06). WBC count at presentation to Stanford Hospital
was higher in ED patients (median 26.5¥109/L) as com-
pared to non-ED patients (2.7¥109/L, P=0.01). Using
receiver operating characteristic curve analysis, we deter-
mined that a WBC count greater than 17¥109/L optimally
discriminated patients based on risk of ED (relative risk of
3.8). The sensitivity and specificity of this cut-off point for
ED was 62% and 84%, respectively. INR at presentation
was also higher in patients who experienced ED (median
1.6 vs. 1.3 for non-ED patients, P<0.01) Renal function,
platelet count, aPTT, and fibrinogen concentration param-
eters at presentation were not predictive of ED.
Current recommendations for supportive care of APL

patients during induction therapy include maintenance of
fibrinogen levels above 100mg/dL and platelet counts
above 30-50¥109/L.18,19 For 63 of 70 patients in this cohort,
we were able to obtain data regarding INR, fibrinogen lev-
els, and platelet counts during the first seven days of initial
admission to Stanford Hospital. There was no significant
difference in the percentage of hospital days in which the
platelet count was below a goal of 30¥109 cells/L between
ED and non-ED patients. However, similar to previous
data,19 we found that within the initial seven days  of hos-
pitalization, the percentage of days spent with fibrinogen
levels less than 100mg/dL was greater in patients who suf-
fered ED (mean of 33% vs. 6%, P<0.05). Likewise, within
the first seven days from presentation, the percentage of
days in which the INR was greater than 1.5 was greater in
patients suffering ED (mean of 54% vs. 11%, P<0.01).
Of the 70 patients in this cohort, 63 were treated with a

regimen containing both ATRA and an anthracycline. Of
the remaining 7 patients, 3 received ATRA alone, 2 chose
to pursue supportive care alone, and 2 patients died before
definitive therapy could be instituted. Ten of 13 patients
who experienced ED received ATRA therapy. Ten of 70
patients were treated on clinical trials; all of these trials
included induction with ATRA. Treatment delay upon
presentation to Stanford Hospital did not appear to be a
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Figure 1. Three-year overall survival of the 70 patient cohort treated
at Stanford Hospital. (A) All patients. (B) Patients with no early death.
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contributor to ED, as there was no difference in time to
start of initial APL therapy (relative to hospital admission)
between patients who suffered ED (mean one day) and
those who did not suffer ED (mean 1.25 days, P>0.1).
Patients admitted at the weekend (Friday, Saturday, and
Sunday) were no more likely to suffer ED than those
admitted on weekdays (P>0.1). The most common cause
of ED was intracranial hemorrhage, occurring in 7 of 13
cases (54%). Age was not associated with cause of ED.
Other causes of ED were respiratory failure (n=2), diffuse
alveolar hemorrhage (n=1), cardiopulmonary arrest (n=1),
pulmonary embolism (n=1), and undetermined (n=1).
While APL differentiation syndrome was not implicated in
the medical record as a cause of death in any patients in
the ED group, we cannot rule out the possibility that this
syndrome was unrecognized and contributed to ED. 
We considered the possibility that patients suffering ED

presented later in the course of their illness, and we there-
fore reviewed hospital admission records for the 70
patients in this cohort. The timing of initial symptoms
was not listed for 4 patients, and one patient was asymp-
tomatic, with abnormalities being noted initially on a rou-
tine CBC. For the remaining 65 patients, the time from the
first reported symptom(s) to the initiation of APL therapy
at Stanford Hospital was not predictive of ED. This was
true whether antecedent symptomatic period was consid-
ered in a dichotomous fashion or as a continuous variable
(P>0.05 in each case). Median symptomatic time was
seven days and 14 days prior to start of therapy for the ED
and non-ED groups, respectively. Patients admitted to an
outside hospital prior to transfer were not more likely to
suffer ED than patients admitted directly.
The ED rate for our APL patients was considerably high-

er than that of previously reported clinical trials, and we
therefore sought to determine whether this was unique to
our institution. Since 1973, the SEER Database has used a
distinct code for APL that distinguishes these cases from
other forms of AML.20 We determined the 3-year and 30-
day mortality for APL (Figure 2A and B, respectively)
across the SEER database regions starting in 1977 (7-day
mortality rates are not recorded in the SEER database). We
excluded the period between 1973 and 1976 as fewer than
10 cases of APL were recorded during each of these years.
Logistical regression was then used to determine whether
year of diagnosis was significantly associated with 30-day
and 3-year survival. As expected, 3-year overall survival
improved significantly from 1977 until 2007. During this
period, the risk of dying within three years from diagnosis
decreased at a rate of 61% per decade (P<0.001). In con-
trast, the year of diagnosis was not associated with risk of
death within 30 days from diagnosis. Thus, in spite of the
implementation of urgent ATRA treatment in newly diag-
nosed APL, 30-day mortality did not improve from 1977-
2007. The average 30-day mortality from 1977-2007 was
20%.
While therapy for APL has improved dramatically over

the past three decades, our results demonstrate that ED
remains a significant problem. Surprisingly, analysis of
the SEER database indicates that the rate of 30-day mor-
tality has remained static over the same period despite a
significant increase in 3-year overall survival. Although
ED rates are reported to be less than 10% in modern clin-
ical trials, our data and the work of others14,21,22 suggest a
much higher incidence of ED, mostly due to hemorrhagic
complications. Furthermore, the difference between our
findings and previous studies reflect, in part, the exclusion

Incidence and predictors of early death in APL
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Figure 2. (A) Three-year and (B) 30-day
mortality of APL patients in the SEER
databse, 1977-2007.
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of a significant proportion of patients from clinical trial
participation, due to multiple medical, logistical, or social
issues.23
Although prompt initiation of ATRA-based therapy is

important to improving outcome,18 our analysis of ED
does not suggest that treatment delay was a major contrib-
utor to ED. Furthermore, analysis of SEER data presented
here indicates that the ED rate has not significantly
decreased since the introduction of ATRA in the early
1990s. Finally, our analysis did not find evidence of a
lengthier antecedent symptomatic period contributing to
ED. This suggests that patients suffering ED were not sim-
ply presenting to medical attention later in the course of
their disease, though analysis of a larger cohort would be
required to definitively address this.
Taken together, the above findings emphasize the need

for a better understanding of the pathogenesis of hemor-
rhagic complications of APL and risk factors associated
with ED in APL patients. The utilization of more aggres-
sive supportive measures in patients with a high risk of ED

needs to be tested prospectively. Additionally, it is still
unclear whether further refinements of APL therapy (e.g.
the addition of arsenic trioxide to the induction regimen24

will decrease ED rates in this otherwise highly curable dis-
ease. Finally, the results of our retrospective SEER analysis
suggest that death within 30 days of diagnosis may
become synonymous to overall mortality in APL, as OS
and ED curves are converging and are anticipated to inter-
sect by 2015. Improving early death rates may become the
greatest challenge for the future treatment of APL.
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