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Introduction
Acute promyelocytic leukemia (APL) is an uncommon hematological
malignancy characterized by a reciprocal t(15;17) chromosomal
translocation and often associated with severe coagulation defects.
All-trans retinoic acid (ATRA) revolutionized the treatment of this
aggressive malignancy, and its use with concomitant cytotoxic
chemotherapy has resulted in long-term leukemia-free survival rates in
excess of 80% for individuals who survive induction and enter a
complete remission.1-5 Mortality events typically occur early, with an
incidence of 5% to 10% during the ﬁrst month of induction in the trial
setting.6-11 Early death (ED), deﬁned as occurring within 1 month of
APL diagnosis, has emerged as the most important cause of treatment
failure and obstacle to cure of all patients.12 Most of those deaths are
caused by bleeding, with infection the second most common etiology.

The risk of early hemorrhagic mortality during induction remains at
;3% to 5% in large clinical trials from the ATRA era11,13,14 and was
11% in a Swedish population-wide study.15 In another, larger US
population-based study, the risk of ED was 17.3% overall. The estimate
was even higher in patients $55 years of age, reaching a value of
24.2%.16 In a French study, the risk of ED was 17% for individuals
treated outside of a trial,17 compared with 21.8% for the whole cohort in
a pan-Canadian registry.18 Because most patients receiving induction
therapy for APL do so outside of the trial setting, from a general
perspective, early hemorrhagic death (HD) remains a major challenge
in the management of this neoplasm.
Markers of bleeding risk during induction for APL as reported
in the literature include high white blood cell (WBC) count, high
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Acute promyelocytic leukemia (APL) is commonly complicated by a complex
coagulopathy. Uncertainty remains as to which markers of bleeding risk are
• High WBC is an independent independent predictors. Drawing from 5 large clinical trials that included all-trans
retinoic acid (ATRA) as part of induction, we assessed known determinants of bleeding
predictor of early HD in APL.
at baseline and evaluated them as potential predictors of hemorrhagic death (HD) in the
first 30 days of treatment. The studies included were ALLG APML3 (single arm of ATRA 1 idarubicin 6 prednisone), ALLG APML4
(single arm of ATRA 1 idarubicin 1 arsenic trioxide 1 prednisone), CALGB C9710 (single arm of ATRA 1 cytarabine 1
daunorubicin), Eastern Cooperative Oncology Group-American College of Radiology Imaging Network (ECOG-ACRIN) E2491
(intergroup I0129, consisting of daunorubicin 1 cytarabine vs ATRA), and SWOG S0521 (single-arm induction of ATRA 1
cytarabine 1 daunorubicin). A total of 1009 patients were included in the original trials, of which 995 had sufficient data to be
included in our multivariate analysis. In this final cohort, there were 37 HD cases during the first 30 days following induction, for an
estimated cumulative incidence of 3.7% (95% confidence interval [CI], 2.6% to 5.0%). Using multivariate Cox proportional hazards
regression, the hazard ratio of HD in the first 30 days was 2.17 (95% CI, 0.84-5.62) for an ECOG performance status of 3-4 vs 0-2 and
5.20 (95% CI, 2.70-10.02) for a white blood cell count of ‡20 000/mL vs <20 000/mL. In this large cohort of APL patients, high white
blood cell count emerged as an independent predictor of early HD. (Blood. 2017;129(13):1763-1767)
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Table 1. Baseline characteristics of patients
Trial
APML3 (N 5 101)

APML4 (N 5 124)

N

N

C9710 (N 5 481)
N

E2491 (N 5 198)
N

S0521 (N 5 105)
N

P value

Age, y
Median (range)

101

41 (19-73)

124

45 (3-79)

481

42 (15-81)

198

39 (1-81)

105

49 (20-82)

<.001

Sex, N (%)
Male

53 (52.5)

62 (50)

247 (51.4)

97 (49)

61 (58.1)

Female

48 (47.5)

62 (50)

234 (48.6)

101 (51)

44 (41.9)

.65

WBC count, 1000 cells/mL
Median (range)

101

2.4 (0.4-109)

124

2.4 (0.1-85.8)

473

2.3 (0.2-139)

196

2.2 (0.3-550)

105

1.4 (0.3-12.4)

<.001
<.001

WBC count, 1000 cells/mL (grouped)
Low risk (,20)

86 (85.1)

110 (88.7)

400 (84.6)

169 (86.2)

105 (100)

High risk ($20)

15 (14.9)

14 (11.3)

73 (15.4)

27 (13.8)

0 (0)

Median (range)

82 15.5 (11.1-306)

102 16.0 (10.0-25.0) 465 14.7 (0.9-82.4)

188 13.8 (10.3-71.0)

90

101

170

<.001

0

Peripheral blast count, 1000 cells/mL
Median (range)

0.3 (0.0-79.9)

0.6 (0.0-81.0)

420

0.1 (0.0-134)

0.2 (0.0-303)

89

0.0 (0.0-11.6)

<.001

PTT, s
Median (range)

101 29.0 (21.0-50.0) 124 28.5 (20.0-56.0) 469 28.0 (17.0-363) 188 27.2 (17.7-81.0)

0

.005

0

<.001

Fibrinogen
Median (range)

97

180 (40.0-570)

120

170 (50.0-630)

456 35.0 (14.0-370) 188

187 (51.0-660)

Platelet count, 1000 cells/mL
Median (range)

101 24.0 (4.0-180)

123 22.0 (2.0-173)

474 30.0 (1.0-232)

196 36.0 (5.0-587)

105 35.0 (5.0-237)

<.001

Platelet count, 1000 cells/mL (grouped)
Low risk ($30)

45 (44.6)

49 (39.8)

238 (50.2)

124 (63.3)

59 (56.2)

High risk (,30)

56 (55.4)

74 (60.2)

236 (49.8)

72 (36.7)

46 (43.8)

<.001

Hemoglobin, g/dL
Median (range)

101

9.5 (4.1-15.2)

124

9.4 (5.0-14.6)

470

9.3 (4.3-92.0)

196

9.4 (2.1-16.4)

105

8.9 (5.9-25.9)

.36

Creatinine clearance, mL/min
Median (range)

101 91.6 (56.8-155)

124 91.8 (36.2-217)

461 97.8 (7.0-864)

183 90.6 (8.0-219)

0

0.017

Performance status
Good (0-2)

97 (96)

118 (95.2)

446 (94.7)

178 (90.8)

102 (97.1)

Poor (3-4)

4 (4)

6 (4.8)

25 (5.3)

18 (9.2)

3 (2.9)

.19

FAB classification
M3

81 (80.2)

99 (79.8)

382 (85.1)

34 (72.3)

0 (0)

M3v

20 (19.8)

25 (20.2)

67 (14.9)

13 (27.7)

0 (0)

.09

For categorical variables, numbers represent the frequency and percentage within each group, and for continuous variables, the numbers represent the median, range,
and the number of patients (N) with data available that were used to make the calculation. The P values represent the results of testing differences between the trials using
Fisher’s exact test for categorical variables and the Kruskal-Wallis test for continuous variables. Boldface indicates statistically significant results.

peripheral blast count, low platelet count, prolonged prothrombin
time (PT), prolonged activated partial thromboplastin time (PTT),
decreased ﬁbrinogen, increased lactate dehydrogenase, increased
creatinine, and decreased performance status.11,13,14,19-21 The risk
factors identiﬁed as independent predictors of severe bleeding in
multivariate analysis vary between published studies, and only 3
of those cohorts have .200 participants. With this in mind,
uncertainty persists as to what are the best independent predictors of
bleeding mortality during induction chemotherapy for APL. We set
out to identify such predictors in a large cohort of patients receiving
ATRA-containing induction regimens for treatment of APL as part
of a clinical trial.

Methods
Data sources
The investigators contacted authorities at cancer cooperative groups,
Australasian Leukaemia and Lymphoma Group (ALLG), Cancer and
Leukemia Group B (CALGB), Eastern Cooperative Oncology GroupAmerican College of Radiology Imaging Network (ECOG-ACRIN), and
Southwest Oncology Group (SWOG), to inquire about the availability of

datasets from clinical trials using ATRA as part of induction chemotherapy for APL. Given the expected lack of homogeneity in deﬁning severe
bleeding across studies, we selected HD at 30 days as our primary
endpoint because this outcome is usually reported in modern studies of
induction treatment of APL, and its assessment is open to negligible
information bias. In order for any given dataset to be used meaningfully in
our analysis, it also had to contain reliable information on at least some of
the previously reported determinants of severe bleeding, including WBC,
peripheral blast count, platelet count, PT, PTT, ﬁbrinogen, lactate
dehydrogenase, creatinine, and performance status. We chose to assess
those determinants at baseline because we expected this would be easier to
apply to the different trial datasets and also in order to facilitate the use of
our numerical estimates in future studies or in clinical practice. For
studies featuring a non-ATRA–containing induction arm, only patients
randomized to a regimen including ATRA were considered for the analysis,
based on the fact that this drug is now a mandatory component of ﬁrst-line
therapy.
The database for the present study was from APL patients enrolled
in 5 large clinical trials that used ATRA for induction: ALLG APML3
(single arm of ATRA 1 idarubicin 6 prednisone),22 ALLG APML4
(single arm of ATRA 1 idarubicin 1 arsenic trioxide 1 prednisone),23,24
CALGB C9710 (single arm of ATRA 1 cytarabine 1 daunorubicin),25
ECOG-ACRIN E2491 (intergroup I0129, consisting of daunorubicin 1
cytarabine vs ATRA),8 and SWOG S0521 (single-arm induction of ATRA 1
cytarabine 1 daunorubicin).26 The latter only included low-risk patients.
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Statistical analyses

Cumulative Incidence of Hemorrhagic Death

Results
The ﬁnal cohort retained for multivariate analysis consisted of 995
patients, after excluding 14 individuals with insufﬁcient data on
WBC count or ECOG performance status. Most exclusions (n 5 8)
pertained to the C9710 cohort. The ECOG-ACRIN trial was the
oldest of the series, with accrual having occurred between 1992 and
1995. Much of the information on variables of interest for the latter
study existed only in paper records and had to be transferred
manually to electronic format in 2014 for the purpose of this
project. The datasets for APML3, APML4, and ECOG-ACRIN
E2491 included information about whether patients had died of
bleeding or some other cause. For CALGB C9710, information
about cause of death was given in text ﬁelds and had to be translated
into a binary variable by the authors of this study. S.M. performed
categorization, the result of which was reviewed by M.T. No
disagreement in cause of death was noted between the observers for
the CALGB dataset. Last, the SWOG S0521 study did not have any
HD events during the ﬁrst 30 days after induction. There were 2
mortality events during this period, but review of the available
records was sufﬁcient to rule out bleeding as the etiology. The
baseline characteristics of patients are shown in Table 1. We saw
differences in laboratory values and patient characteristics across

Cumulative incidence (%)
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6

4

2

0
0

5

10

15

20

25

Days from initiation of induction
Figure 1. Cumulative incidence of hemorrhagic death within 30 days of
induction. This figure represents the cumulative incidence of hemorrhagic death
within 30 days from the start of induction. The line represents the point estimate, and
the corresponding band represents the 95% CI. At 30 days, the incidence of
hemorrhagic death was 3.7% (95% CI, 2.6% to 5.0%).

trials for age, WBC count, PT, peripheral blast count, PTT,
ﬁbrinogen, platelet count, and creatinine clearance (P , .001.017). No signiﬁcant differences were seen between trials for
sex, hemoglobin, performance status, or French-American-British
(FAB) classiﬁcation (P 5 .09-.65). The median peripheral white
cell count varied from 1400 to 2400 cells/mL (P , .001), whereas
the median platelet count varied from 22 000 to 36 000 cells/mL
(P , .001). The proportion of patients with a good ECOG performance
status (ie, 0 to 2) ranged from 90.8% to 97.1% across studies (P 5 .19).
There were 37 HD cases during the ﬁrst 30 days following induction,
for an estimated cumulative incidence of 3.7% (95% conﬁdence
interval [CI], 2.6% to 5.0%; Figure 1). Thirty-seven patients experienced HD within 30 days with 7 from APML3, 2 from APML4,
9 from E2491, 19 from C9710, and 0 from S021.
The ﬁrst step of the analysis consisted of univariate Cox
proportional hazards regression in order to screen for associations between disease characteristics and early HD (Table 2). The
variables with a statistically signiﬁcant measure of effect included
peripheral blood blast count (hazard ratio [HR] 5 1.12 for each
increase in 10 000/mL, 95% CI, 1.05-1.19, P , 0.001), WBC count
$20 000/mL vs ,20 000/mL (HR 5 5.49, 95% CI, 2.86-10.52, P , .001),
and ECOG performance status of 3-4 vs 0-2 (HR 5 2.76, 95% CI, 1.077.08, P 5 .035). There was no signiﬁcant association between early
HD and age, PT, PTT, ﬁbrinogen, hemoglobin, creatinine clearance, platelet
count, or FAB classiﬁcation (M3 vs M3v) (P value range of .054 to .689).
As expected, a strong correlation was found between number of
blasts and WBC count (r 5 0.68, P , .001); therefore, based on clinical
judgment, only WBC count was included in the multivariate model.
Only WBC (P , .001) was a signiﬁcant independent predictor of HD,
although performance status approached signiﬁcance (P 5 .11). The
risk of early HD increased for performance status of 3-4 vs 0-2 (HR 5
2.17, 95% CI, 0.84-5.62) and for those with a WBC count of
$20 000/mL vs ,20 000/mL (HR 5 5.20, 95% CI, 2.70-10.02). The
same predictors were included in a multivariate model, where trial
was considered a ﬁxed effect; similar results were observed (data not
shown).
We conducted another sensitivity analysis examining risk factors
for 30-day HD from trial registration instead of initiation of induction.
There were 2 cases of death from unknown causes within the ﬁrst
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Descriptive statistics were used to compare patient and disease characteristics
across the 5 trials. x2 and Kruskal-Wallis tests were used as appropriate. The
primary study endpoint of the time-to-HD was deﬁned as the interval between the
start of induction to the date of HD within 30 days of induction commencement.
Patients alive at the 30-day postinduction time point were censored. Cumulative
incidence functions were used to estimate the incidence of HD at 30 days
following induction initiation, treating death unrelated to hemorrhage as a
competing event.
Cause-speciﬁc Cox proportional hazards regression was used to
evaluate the univariate and multivariate associations between the risk of
day 30 HD and disease characteristics. Patients who died unrelated to
hemorrhage were censored at the time of death. For survival analyses, WBC
and platelet counts were grouped based on an a priori literature review14,20
into low-risk and high-risk groups. WBC count was grouped as ,20 000/mL
(low risk) and $20 000/mL (high risk), and platelet count was grouped
as $30 000/mL (low risk) and ,30 000/mL (high risk) because those
thresholds were found to be good predictors of severe or fatal bleeding in the
referenced papers. The ﬁnal multivariate model was selected based on
signiﬁcant univariate effects (P , .05) and after assessing the multicollinearity of potential predictors. Multicollinearity was assessed with
Spearman’s rank-based correlations. The ﬁnal multivariate model included a
shared frailty that treated trial as a random factor. As a sensitivity analysis, the
same selected predictors were included in a multivariate model that
considered trial as a ﬁxed effect.
There were additional sensitivity analyses to further delineate the association
between HD risk and disease characteristics. We evaluated risk factors for HD
when the start time was trial registration instead of treatment initiation. This
endpoint was considered after observing differences in the time from registration
to the start of induction across trials. There were 2 cases of death from unknown
causes within the ﬁrst 30 days in the CALGB C9710 trial and 6 cases in the
ECOG-ACRIN E2491 trial. We therefore performed this analysis in 2 ways: (1)
counting deaths from unknown causes as HD and (2) counting deaths from
unknown causes as censoring events.
Variables with P values ,.05 were considered statistically signiﬁcant. All
analyses were performed using SAS 9.4 (The SAS Institute, Cary, NC) and
CRAN R Version 3.3.0 (The R Foundation for Statistical Computing, Vienna,
Austria).
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Table 2. Univariate Cox proportional hazards models for the risk of
bleeding death in the first 30 days
No. included (no.
of HD)

HR (95% CI)

P
value

1009 (37)

1.07 (0.89-1.30)

.463

PT, s*

837 (33)

1.07 (1.00-1.14)

.054

WBC count, 1000 cells/mL*

999 (37)

1.07 (1.03-1.10)

<.001

High risk ($20)

129 (16)

5.49 (2.86-10.52)

<.001

Low risk (,20)

870 (21)

REF

999 (37)

0.91 (0.81-1.02)

.107

High risk (,30)

484 (21)

1.41 (0.74-2.71)

.297

Low risk ($30)

515 (16)

REF

870 (34)

1.12 (1.05-1.19)

<.001

PTT, s*

882 (37)

0.95 (0.79-1.15)

.627

Fibrinogen, mg/dL

861 (35)

1.00 (1.00-1.00)

.689

Hemoglobin, g/dL*

996 (37)

0.54 (0.10-2.83)

.464

Creatinine clearance, mL/min*

869 (36)

0.96 (0.86-1.07)

.495

Poor (3-4)

56 (5)

2.76 (1.07-7.08)

.035

Good (0-2)

939 (32)

REF

M3v

125 (8)

2.28 (0.99-5.29)

M3

592 (17)

REF

WBC count (grouped)

Platelet count, 1000 cells/mL*
Platelet count (grouped)

Peripheral blast count, 1000
cells/mL*

ECOG performance status

FAB classification
.054

Boldface indicates statistically significant results.
REF, reference level.
*HR in terms of 10 unit increase.

30 days in the CALGB C9710 trial and 6 cases in the ECOG-ACRIN
E2491 trial. This analysis was performed by both counting deaths from
unknown causes as HD and counting deaths from unknown causes as
censoring events. When the unknown causes were censored, similar
associations were observed as before where WBC count was signiﬁcant
(HR, 5.15; 95% CI, 2.69-9.85, P , .001) and performance status was
not signiﬁcant (HR, 2.20, 95% CI, 0.85-5.67, P 5 .10). However, when
we considered these unknown deaths as HD, performance status
emerged as a signiﬁcant predictor (HR, 2.41, 95% CI, 1.07-5.45,
P 5 .034) and WBC count remained a signiﬁcant predictor (HR,
5.01, 95% CI, 2.77-9.05, P , .001).

Discussion
APL at its onset is associated with a complex coagulopathy in most
patients. This acquired bleeding diathesis results in substantial mortality
during the ﬁrst month of induction, a problem that persists to this day
despite the improved cure rates brought on by the addition of ATRA to
cytotoxic chemotherapy. Prompt use of ATRA and aggressive blood
product repletion with cryoprecipitate and platelet transfusions in all
patients have been the mainstay of treatment of the often severe
coagulation defects encountered in this population; however, there is
a paucity of knowledge about how to identify the individuals most at
risk of lethal bleeding. In particular, there is a lack of consistency
between reports in terms of which baseline patient characteristics are
independent predictors of HD.
Performance status emerged as a predictor of HD of borderline
statistical signiﬁcance in multivariate analysis, although, to our
knowledge, this variable had not been frequently reported in the past
to be useful. It should probably be considered for inclusion in future
models trying to better-stratify patients for the risk of HD. Less
surprisingly, the total WBC count and the peripheral blast count were
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found to be associated with an increased risk of fatal bleeding in
univariate analysis, with the WBC alone being retained in the
multivariate model due to multicollinearity. An increased WBC count
is already known to be associated with a poorer prognosis for APL,
and several reports with smaller patient populations have noted
that a higher total white cell count or peripheral blast count is associated
with an increased risk of severe bleeding during induction. Two
mechanisms potentially explaining this effect include the APL blasts
granules triggering the coagulopathy and the interaction of abnormal
leukocytes with the endothelium participating in the pathogenesis
of bleeding episodes, especially intracranial hemorrhages. Also, a
surprising ﬁnding was that PTT prolongation was not predictive of the
risk of bleeding mortality in univariate analysis. A prolonged PT had a
tendency toward being associated with a higher risk of dying from
hemorrhage, but because this did not reach the preset threshold of
statistical signiﬁcance, we did not include this predictor in our ﬁnal model.
The cohort for the analysis presented herein spans 5 trials from 4
cooperative groups and reﬂects care given at multiple institutions, with
substantially more patients than the largest study on the topic
previously published,11 although we were limited by the small number
of events. For some covariates and studies, values were missing for a
large proportion or even all patients. Given the limited number of
events, additional data may alter the significance of some of these
covariates. This model should be considered exploratory.
The work presented here is limited ﬁrst and foremost by the
retrospective nature of data collection. This approach is bound to suffer
from a lack of standardization, even though we believe that the choice of
HD as a primary endpoint obviates most of the difﬁculties associated
with using one of the other deﬁnitions of severe bleeding. Also, an
important limitation of a retrospective, multicenter study like ours is that
the observed baseline clinical factors may have driven additional
treatment decisions (eg, blood product transfusions), which may have
been different across studies. As it is unknown across studies what
additional therapies were provided, we are unable to account for these
therapies in our analysis. Ideally, future projects would be part of
therapeutic trials in the ﬁeld and prospectively accumulate data on
potential bleeding predictors, along with precise information on
outcomes such as major bleeding, clinically relevant non–major
bleeding, and HD. Unfortunately, such future endeavors are unlikely to
include nearly as many patients as we were able to capture in our
analysis. Another limitation of this cohort study is the evolving nature
of treatment standards for APL, with arsenic trioxide being a very
promising agent,27 and only 1 study from our dataset incorporated this
modality.23,24 However, at this stage, a combination of ATRA and
cytotoxic chemotherapy remains standard of care for the higher risk
subset of patients, and those are the individuals who suffer most fatal
hemorrhagic events. In addition, the model we derived was not validated
on a separate dataset, so ideally it should be tested in further studies.
As noted above, most ED is attributable to bleeding and represents
the biggest obstacle to cure for APL. The rates of ED remain substantial
to this day, especially for patients treated outside of a clinical trial, so
any knowledge gained into the determinants of hemorrhagic episodes
during induction for APL can potentially result in signiﬁcant
improvements of long-term survival for this disease. With this in
mind, we believe that the associations identiﬁed in our analysis may
be potentially useful for contemporary clinical practice. They can be
helpful for physicians in the community to better identify the newly
diagnosed APL patients at higher risk of HD and perhaps be more
aggressive with their management in terms of blood product
repletion. The later approach remains as of yet unproven, and only
prospective studies will indicate if patients should be treated
differently according to their bleeding risk.
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