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Abstract
Background—Limited data exist on induction mortality of pediatric patients with acute
promyelocytic leukemia in the United States, usage of all-trans retinoic acid (ATRA) during acute
promyelocytic leukemia induction, and the resources needed to deliver induction therapy.

Procedure—Using the Pediatric Health Information System database we established a
retrospective cohort of patients treated for newly diagnosed acute promyelocytic leukemia with
ATRA between January 1999 and September 2009 in 32 of 43 PHIS contributing free-standing
pediatric hospitals in the United States. Standard statistical methods were used to determine
inhospital induction mortality, ATRA administration, and resource utilization during a 60-day
observation period.

Results—A total of 163 children were identified who met eligibility criteria for cohort inclusion;
52% were female and 76% were white with an average age of 12.7 years. A total of 12 patients
(7.4%) died, with 7 (58.3%) dying within the first 7 days of first admission. The mean time to first
ATRA exposure increased with decreasing age (P=0.0016). Resource utilization for management
of retinoic acid syndrome was higher than anticipated based on prior studies and differed
significantly from patients with non-M3 acute myeloid leukemia.
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Conclusions—The induction mortality for pediatric acute promyelocytic leukemia remains
substantial with wide variation in ATRA administration and high rates of resource utilization.
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INTRODUCTION
Acute promyelocytic leukemia (APL) represents about 10% of pediatric acute myeloid
leukemia (AML) [1] and is characterized by the t(15;17) translocation that fuses the
promyelocytic leukemia gene on chromosome 15 to the retinoic acid receptor alpha gene on
chromosome 17 [2]. Current pediatric APL therapy is based on anthracyclines, cytarabine,
and all-trans retinoic acid (ATRA). In the past decade several cooperative group trials from
around the world have reported on the success of ATRA containing regimens for children
with APL [3–6]. These studies have defined induction mortality rate and APL differentiation
syndrome rates ranging from 3.2–8.2% and 7.5–20%, respectively.

These reports have focused primarily on outcomes within cooperative group clinical trials
and have not evaluated compliance of ATRA administration or resource utilization in
patients with APL. In addition, there have been no published studies that focus on the
clinical experience of children receiving ATRA containing induction chemotherapy for APL
in the United States. We sought to address this data gap by assembling a cohort of pediatric
APL patients that received ATRA as part of their induction chemotherapy in the United
States. This cohort was established from the Pediatric Health Information Systems (PHIS)
database, a national administrative database of 43 freestanding pediatric hospitals in the
United States. The PHIS database has been effectively utilized to study various pediatric
medical conditions, including renal failure in pediatric patients with AML, the risk of
thrombosis associated with central venous catheters, and the comparative effectiveness of
oral versus intravenous antibiotic treatment of osteomyelitis [7–9].

We hypothesized that PHIS data would allow accurate estimation of the case fatality rate of
children with APL within 60 days of their first ATRA exposure, the patterns of ATRA use
during hospitalization for APL induction, and the clinical resource utilization in children
treated for APL with ATRA. We also hypothesized that the patterns of resource utilization
would differ significantly from other acute myeloid leukemia subtypes.

MATERIALS AND METHODS
Study Design

We performed a retrospective cohort study to describe the inpatient experience of patients
receiving ATRA for newly diagnosed APL during their incident hospitalization. Children
entered the cohort on the day of admission during which the APL diagnosis was first
reported. Each patient was followed for up to 60 days from the first day of ATRA exposure.
If patients were discharged and readmitted during this 60-day follow-up period then data for
these readmissions were also captured. Patients who did not have a subsequent admission in
the PHIS database were considered lost to follow-up at the completion of their final known
hospital admission. Patients were censored if they suffered an inpatient death prior to 60
days from first ATRA exposure.
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Data Source
Data contained in the PHIS database include the following: encrypted patient medical record
number, demographics, dates of admission and discharge, up to 41 International
Classification of Diseases-9-Clinical Modification (ICD-9-CM) discharge diagnosis and
procedure codes per hospital admission, and specific billing/resource utilization data,
including pharmaceuticals, blood products, laboratory tests, radiology imaging studies
ordered, and clinical services utilized. All billing/resource utilization data include date of
order. Additionally, pharmaceutical data includes medication type and route of
administration. However, laboratory and radiology result data are not available.

PHIS member hospitals have access to the multi-center database via a virtual private
network. Data are de-identified at the time that each hospital submits their data. Oversight of
PHIS data quality methods is a joint effort between the Children's Hospital Association (data
management center), Truven Health Analytics (data processing partner), and participating
hospitals. After file submission to Truven Health Analytics, data quality audits are
performed. These audits primarily check for valid entries (e.g., valid ICD-9-CM diagnosis
codes) and reasonable patient information (e.g., birthweight). Reports are generated that
identify errors needing correction by the respective hospitals. Error rates above threshold
values require hospitals to review their data and resubmit until error rates fall below the
threshold values. Known data quality issues are transparently communicated to all PHIS
data users. These data quality reports allow the data users to exclude data for data quality
reasons.

The PHIS database was queried to extract each patient's data for each hospital day identified
during the study period of interest. Once data were extracted, SAS version 9.2 (Cary, NC)
and STATA statistical software version 11.0 (College Station, TX) were used to convert the
PHIS data into a database representing information for the daily inpatient experience of each
child in the final cohort. For each inpatient day, information on medications ordered and
hospital resources utilized (see below) was available. The specific disposition at the time of
hospital discharge was recorded for those patients completing their hospitalization within the
60-day study period. The final database contained each APL patient's daily medication and
resource utilization information from their index admission up to 60 days after their first
ATRA exposure.

Defining the Study Cohort
The source population for our study was patients with a hospital discharge date in the PHIS
database between January 1, 1999 and September 30, 2009. Since ICD-9-CM codes do not
include a code specific for APL, children were considered for study cohort inclusion if their
index hospitalization in the database was assigned an ICD-9-CM code (either as a primary
or secondary diagnosis) for any type of myeloid or unspecified leukemia (205.xx: myeloid
leukemia, 206.xx: monocytic leukemia, 207.xx: other specified leukemia, and 208.xx:
leukemia of unspecified cell type). Additionally, patients were required to have received at
least one dose of oral ATRA within the first 30 days of this index hospitalization. In order to
further restrict the cohort to children with likely newly diagnosed APL, the final cohort was
limited to patients that did not have any hospitalization in the 90 days preceding the
admission where ATRA was first given. Once included in the final cohort, the patients were
followed from the date of their admission until 60 days after the first ATRA dose, hospital
discharge, or until death. The cohort of patients with non-APL acute myeloid leukemia
(AML) was defined as previously reported [10].
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Defining Chemotherapy Regimens
A manual review of the specific chemotherapy regimen administered to each patient in his
or her index admission was performed (S.S.). Pharmaceutical data for each patient were
manually reviewed and compared to currently accepted APL induction chemotherapy
regimens as defined by two pediatric oncologists (R.A. and J.G.). A specific chemotherapy
regimen was assigned to a patient based on the chemotherapy agents delivered and timing of
chemotherapy administration. In certain instances, patients received ATRA plus other
chemotherapy agents but not in an identifiable pattern, and thus, were classified as “ATRA
with other regimen.” Lastly, some patients were found to have received only ATRA, and
thus, they were defined as “ATRA only.” No differentiation was made between patients
enrolled on a study protocol (i.e., CALGB9710 or AAML0631) and those treated according
to the protocol but not enrolled on study.

Study Variables
Demographics—Demographic data (age, gender, and race) were extracted for each
patient in the cohort at the time of their first APL hospitalization. Gender was coded as a
dichotomous variable (male/female), age in years, and race was collected as a categorical
variable (white, black, Asian, Native American, other, or missing). Since a substantial
number of patients had missing ethnicity data, no analyses by ethnicity were conducted.

Hospital resources utilized—The need for vasopressor support (epinephrine, dopamine,
norepinephrine, or dobutamine), steroids (prednisone, dexamethasone, methylprednisolone,
or hydrocortisone), diuretics (listed in Appendix 1), blood product replacement (platelets,
packed red blood cells (PRBC), fresh frozen plasma (FFP), and cryoprecipitate) and
radiology studies (chest radiograph [CXR], computerized tomography [CT], and magnetic
resonance imaging [MRI]) was documented based on daily billing data.

Hospital discharge status—The conclusion of each hospitalization is coded in the PHIS
database as discharged to home, discharged to another care facility or inpatient death. Using
this disposition data, the case fatality rate for new onset APL within the first 30 days from
admission and within the first 30 days from ATRA exposure was calculated.

Statistical Analyses
Baseline and demographic characteristics were summarized by standard descriptive
statistics. Each patient's day-by-day ATRA exposure from admission to 60 days post-
admission was presented graphically. Time from admission to the first ATRA exposure and
percent of hospital days with ATRA exposure were compared by demographics (age, race,
and gender), using ANOVA or linear regression. Percent of patients using vasopressors,
steroids, diuretics, and CXR was plotted week by week (starting from the first day of ATRA
exposure). Percent of patients exposed to each blood product replacement and CNS imaging
was plotted day by day (starting from the first day of admission), by two patient groups of
APL and non-APL AML. Number of exposure days (to each blood product replacement and
CNS imaging) in the first seven hospital days was compared by the two patient groups,
using a two-sample t-test. SAS 9.2 (Cary, NC) was used for all statistical analyses. A two-
sided P-value of <0.05 was considered statistically significant.

RESULTS
Between January 1, 1999 and September 30, 2009, 198 patients in the PHIS database were
hospitalized, assigned an ICD-9-CM code consistent with myeloid or unspecified leukemia
(205.xx–208.xx), and received at least one dose of oral ATRA in the first 30 days of the
hospitalization. Of these 198 patients, 27 were excluded because they had been admitted at
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least once in the 90 days prior to this hospitalization. Manual review of the chemotherapy
administered to the remaining 171 patients was performed with 8 patients having
chemotherapy exposures not at all consistent with APL. This resulted in a final study
population of 163 patients.

Table I displays patient characteristics as well as the length of hospital stay and frequency of
inpatient death for the first APL admission. The average age of patients was 12.67 years
(IQR: 4.99-16.07) with females representing 52.2% of the cohort and white patients
represented more than 75% of the cohort. There were 12 patients (7.4%) that died during the
study period. The in-hospital case fatality rate for patients within 30 days of admission was
6.14%, and was slightly higher at 6.75% within 30 days from first ATRA exposure. Of the
patients that died, all but one patient died during their index hospitalization. Furthermore,
the majority of these in-hospital fatalities (7/12 or 58.33%) occurred within the first 7 days
of admission.

Table II illustrates the variation in chemotherapy regimens administered as induction
therapy for APL patients. The majority of patients (44%) received ATRA with other
chemotherapy agents in an unidentifiable pattern. Of the identifiable patterns CALGB9710
was the most frequently administered chemotherapy regimen. The case fatality rate was
found to be highest in patients who received “ATRA only” for both death within 30 days of
admission (11.11%) and death within 30 days of initial ATRA use (16.67%).

Figure 1 is a graphical representation of each patient's day-byday ATRA exposure from
admission to 60 days post-admission. Variable timing of the first ATRA exposure is seen
with some patients receiving the drug on the first day of their admission and others receiving
it as late as the 28th day of admission. Time to ATRA initiation and percent of hospital days
with ATRA exposure did not vary by gender or race. Time to ATRA initiation increased
with decreasing age with a mean time to first ATRA exposure of 5.5, 3.6, 3.7, and 2.4 days,
respectively, for age quartiles (0–5, 5–12.7, 12.7–16, and greater than 16 years; P = 0.0016
for trend across groups). The percentage of days in the first hospitalization with an ATRA
exposure ranged from 55.4% in patients between 0 and 5 years of age to 67.1% in patients
older than 16 years. However, this difference was not statistically significant.

Figure 2 depicts the week-by-week healthcare resources that are commonly utilized in the
setting of retinoic acid differentiation syndrome (vasopressors, steroids, diuretics, and chest
radiographs). Within the first week of ATRA exposure, almost 11% of patients required
vasopressors, nearly 40% received steroids, over 50% received diuretics, and 61%
underwent chest radiographs. There was a substantial drop in the utilization of these
resources between weeks one and two and by the seventh week the utilization of each of
these resources was minimal.

Figure 3 graphically compares the frequency of daily blood product replacement and CNS
imaging in patients with APL and newly diagnosed non-APL AML. The most frequently
administered blood product was platelets, followed by PRBC, FFP, and cryoprecipitate.
Similar to other resource utilization, the necessity of blood product administration dropped
precipitously after the first week from admission. The average number of exposure days in
the first seven hospital days was significantly higher in patients with APL for platelet, FFP,
cryoprecipitate, and CNS imaging than for patients with non-APL AML (Table III). There
was no significant difference in red cell transfusion requirements.
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DISCUSSION
This study describes the only cohort of pediatric patients in the United States receiving
chemotherapy and ATRA for presumed APL as well as the first cohort of patients with APL
created in an administrative database. Although the diagnosis of APL was not confirmed by
laboratory data, the established cohort has substantial face validity for several reasons. First,
a substantial fraction of patients had an identifiable pattern of chemotherapy exposure, and
these patterns of chemotherapy exposure varied over time in concert with open cooperative
group clinical trials. Second, blood product, medication, and radiology resources used were
consistent with expected patterns for patients with APL and clearly differed from patterns
seen in patients with newly diagnosed non-APL AML.

The case fatality rate in the first 60 days from hospital admission is substantial at 7.4%. This
mortality rate is similar to mortality rates described in pediatric APL clinical trials [3–6].
Furthermore, this early case fatality rate is similar to the mortality rate seen in older non-
APL AML trials [11,12], but modestly greater than current UK Medical Research Council
(MRC) based regimens [13]. Importantly, more than half of these fatal events happened in
the first 7 days of hospitalization with a decrease in fatality rates thereafter. This drop
suggests that children with newly diagnosed APL are quite vulnerable in the immediate
presentation period but the risk of mortality decreases once a patient has survived the first
week of admission.

As shown in Figure 1, substantial variation in ATRA administration was observed. This
variation indicates that, despite current recommendations [14], rapid initiation of ATRA
does not occur in all patients. The delay in ATRA initiation is more prolonged in younger
patients and these patients have the lowest percentage of hospital days with an ATRA
exposure. This delay may be due to the absence of an intravenous formulation of ATRA and
a lower index of clinical suspicion for APL in younger children. This delay may be of
particular clinical importance given data from the European APL 93 and APL 2000 trials
demonstrating poorer outcomes in children less than 4 years of age despite standard dose
chemotherapy [15]. Future work with administrative/billing data sets may enable the
investigation of medication adherence as a potential source of disparate outcomes in these
patients. A substantial fraction of patients in our study had ATRA initiated after hospital day
seven. While the available data do not permit a conclusive analysis of the etiology of this
delay, these patients may either be too ill to receive ATRA in the first week of
hospitalization or have a delayed diagnosis.

While there was significant variation in the type of chemotherapy regimens administered,
the cohort is too small to make definitive statements about the comparative effectiveness
relative to 60-day mortality across each regimen. The patients who received “ATRA only”
had the highest case fatality rate but this may be due to confounding by indication. That is,
patients who did not receive chemotherapy agents other than ATRA may have been too ill at
presentation to tolerate other chemotherapeutic agents.

Based on the available data, the frequent administration of blood product replacement within
the first week of the index APL admission suggests an increased risk of coagulopathy for
APL patients. This hypothesis is supported by an increased rate of platelets, FFP,
cryoprecipitate, and CNS imagining in the APL cohort relative to the non-APL AML cohort.
This is consistent with prior publications that showed that the cause of early death in
children with APL is not necessarily from chemotherapy related toxicities, such as severe
infections, cardiac failure, or differentiation syndrome, but rather complications from
coagulopathy [3–6].
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Although the introduction of ATRA for APL therapy has resulted in improved outcomes,
APL differentiation syndrome continues to be a feared complication of such therapy and can
contribute to significant morbidity and mortality in APL patients. Because of limitations in
ICD-9-CM codes, patients with APL differentiation syndrome could not be explicitly
identified. However, it was possible to demonstrate that the resources commonly
administered in the setting of APL differentiation syndrome (vasoactive agents, steroids,
diuretics, and chest radiographs) were prevalent during the first week after ATRA exposure
and declined over time. These data suggest that the published rates of pediatric APL
differentiation syndrome (7.5–20%) may substantially underestimate the resources
administered to treat this complication [2,4,6,13,15]. In addition, these data suggest that,
unlike adult patients, pediatric patients may not experience a bimodal distribution in the
incidence of APL differentiation syndrome [16].

Despite the substantial strengths of PHIS data, this analysis has important limitations. Our
case definition required that a patient be assigned an ICD-9-CM code consistent with AML
and had received at least one dose of ATRA during their hospitalization. While this case
definition is likely very specific, patients with APL but without an ATRA exposure during
initial therapy are not included in the cohort. Therefore, our findings are limited to APL
patients treated with ATRA. Additionally, the lack of an ICD-9-CM code for APL
differentiation syndrome prevents estimation of the incidence APL differentiation syndrome.
Furthermore, despite the large cohort size, it is still too small to allow definitive comparison
of treatment regimens. Finally, PHIS data do not currently include laboratory results. Thus,
it is not possible to confirm the diagnosis of APL with cytogenetic data or to determine
presenting white blood cell count, an important prognostic factor.

Despite these limitations, this study describes the only cohort of children treated for APL
from the United States and the first cohort established in an administrative database. In
addition, the use of administrative data enabled an analysis of ATRA administration during
induction therapy. These data demonstrate that, despite current recommendations for rapid
initiation of continuous ATRA administration, a substantial fraction of patients may receive
only intermittent ATRA dosing and that ATRA administration is significantly delayed in
younger children compared to children over 5 years of age. Our data also define the
treatment related induction mortality rate for children treated with current APL induction
regimens. The induction mortality rate is substantial, higher than the induction mortality
associated with current non-APL AML therapy, and appears related to hemorrhagic
complications. Finally, the rate of resources necessary for the management of APL
differentiation syndrome management is substantially higher than would be expected from
the published incidence of APL differentiation syndrome.

These data support the current treatment recommendation of early ATRA initiation in all
patients in whom APL is clinically suspected, particularly younger children [14,17]. Once
laboratory results are available in a subset of PHIS centers [18], this APL cohort may be
expanded and further studies performed to refine the other current treatment
recommendations for adult patients with APL, specifically, transfusion support to maintain a
fibrinogen concentration above 100–150 mg/dl, a platelet count above and 30–50 × 109/L,
and steroid prophylaxis for patients at high risk of APL differentiation syndrome [17,19].
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Fig. 1.
Daily ATRA exposure, hospitalization and mortality status for 60 days after index
admission: in the hospital but NOT exposed to ATRA (green); in the hospital AND exposed
to ATRA (red); outpatient status but ultimately readmitted (n = 71; yellow); outpatient status
and no future admissions (n = 38; blue); inpatient death on that day (black). Patients are
sorted by mortality status and first ATRA exposure.
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Fig. 2.
Resources typically used for the management of retonoic acid syndrome by week (starting
from first ATRA exposure).
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Fig. 3.
Packed red blood cell (A), platelet (B), fresh frozen plasma (C), cryoprecipitate (D), and
CNS imaging usage (E) in the first 28 days of hospitalization.
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TABLE I

Cohort Characteristics

Total (N = 163)

Age

 Median 12.67 4.99–16.07 (IQR)

 <3 26 15.9%

 ≥3 and <11 44 27.0%

 ≥11 and <18 81 49.7%

 ≥18 12 7.4%

Female (%) 85 (52.2%) 52.2%

Race (%)

 White 124 76.07%

 Black 15 9.26%

 Asian 3 1.84%

 Native American 0 0%

 Other 10 5.99%

 Missing 11 6.13%

Length of first hospitalization (days)

 Median in-Hospital case fatality rate 23 13–37 (IQR)

 30 Days from hospital admit date 10 6.14%

 30 Days from 1st ATRA exposure 11 6.75%

 60 Days from hospital admit date 12 7.4%
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TABLE II

Initial Chemotherapy Regimens Administered

Chemo regimen Total (n=163) 30 Day mortality from admission
(n=10)

30 Day mortality from 1st ATRA dose (n
= 11)

AAML0631 6 1 1

AIDA 4 0 0

CALGB9710 62 2 2

EAPLG 3 0 0

ATRA with unidentified chemotherapy
regimens 73 6 6

ATRA only 15 1 2
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TABLE III

Average Number of Days With at Least One Exposure to PRBC, Platelet, FFP, Cryoprecipitate, and CNS
Imaging During the First Seven Hospital Days

APL AML P-value

Packed red blood cell 1.56 1.47 0.45

Platelet 3.0 1.6 <0.0001

Fresh frozen plasma 1.56 0.40 <0.0001

Cryoprecipitate 0.40 0.10 <0.0001

CNS imaging 0.46 0.10 <0.0001
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