Mediterranean Journal of Hematology and Infectious Diseases

Letter to the Editor

Challenging Management of Severe Differentiation Syndrome in Pediatric Acute
Promyelocytic Leukemia Treated with ATRA/ATO

Keywords: Acute Promyelocytic Leukemia; Differentiation Syndrome; Children; ATRA/ATO combination.

Published: March 1, 2022

Received: December 15, 2021

Accepted: February 12, 2022

Citation: Molinaro A., Zanta D., Moleti M.L., Giona F., Conter V., Rizzari C., Biondi A., Testi A.M. Challenging management of severe
differentiation syndrome in pediatric acute promyelocytic leukemia treated with ATRA/ATO. Mediterr J Hematol Infect Dis 2022, 14(1):

€2022027, DOI: http://dx.doi.org/10.4084/MJHID.2022.027

This is an Open Access article distributed under the terms of the Creative Commons Attribution License (https://creativecommons.org/licenses/by-nc/4.0), which
permits unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited.

To the editor.

Acute promyelocytic leukaemia (APL) is a rare
disease in childhood, with some geographical
variabilities, reported as a fraction of about 5% of Acute
Myeloid Leukemia cases in the United States and
Central-Northern Europe and about 20% in populations
of Latin-Spanish heritage.! Treatment strategies have
been derived from adult trials and in the last three
decades have been based on anthracyclines combined
with the differentiating agents all-trans retinoic acid
(ATRA) and/or arsenic trioxide (ATO).?® Thanks to
these strategies and a very aggressive supportive
therapy, results have steadily improved and are
comparable to those obtained in childhood Acute
Lymphoblastic Leukemia (ALL).?2® The recent
ATRA/ATO combination treatment, mostly used for
non-high-risk adult APL, represents a paradigm of
successful targeted and chemotherapy-free treatment in
oncology. This therapeutic strategy is aimed at sparing
patients from chemotherapy toxicity.*

The ATRA/ATO combination may cause
hyperleukocytosis and is associated with side effects
such as pseudotumor  cerebri, hepatotoxicity,
electrocardiogram abnormalities, and differentiation
syndrome (DS).5 The early diagnosis of DS can be
challenging as signs and symptoms are frequently non-
specific. Most commonly seen are unexplained fever,
peripheral edema, dyspnea, weight gain, pulmonary
infiltrates and pericardial or pleural effusion,
hypotension, and renal failure.>® The pathogenesis of
this complication is not fully understood; ATRA/ATO
combination determines the differentiation of immature
promyelocytes into mature granulocytes, and DS
symptoms are probably related to the burden of
differentiating blasts and the subsequent release of
cytokines and tissue infiltration. Dexamethasone
(DXM) is considered the mainstay of treatment of DS
and should be administered at the first signs or
symptoms.>® However, severe cases may require the

interruption of ATRA/ATO treatment, administration of
chemotherapy to control the WBC count, and intensive
interventions such as respiratory support.” The
information on ATRA/ATO side effects in childhood is
still limited. We report the difficult management of DS
in two pediatric cases during ATRA/ATO induction
therapy.

In the period December 1, 2019 - December 31,
2020, 8 children with newly diagnosed APL underwent
induction therapy with ATRA/ATO in our Center; in
patients with WBC>10x10%L, two doses of
Gemtuzumab Ozogamicin (GO 3 mg/m?day) were
added, in agreement with the MD Anderson Cancer
Center experience.® Prednisone (PDN, 0.5 mg/kg/day)
was given from day 1 to day 15 of induction to prevent
DS; if DS occurred, PDN was replaced by DXM (10
mg/m?/day i.v). Hydroxyurea (HU, 20-60 mg/kg/day)
was given in case of sustained leukocytosis (WBC >
20x10%/L for at least 3 days). Temporary discontinuation
of ATRA, and if needed of ATO, was done in case of
pseudotumor cerebri or other relevant DS symptoms.>®

Table 1, summarizes patients clinical and biological
characteristics at disease presentation; 5 patients were
standard-risk (SR; WBC<10x10%L) and 3 high-risk
(HR; WBC>10x10%L). All 5 SR patients developed
hyperleukocytosis ~ during  induction,  requiring
discontinuation of ATRA and/or ATO and
administration of HU. Three of them presented with DS.
Out of 3 HR patients, the first did well, the second
developed pseudotumor cerebri treated with DXM and
acetazolamide with complete resolution, and the third
presented DS with respiratory failure. All eight patients
achieved a complete molecular remission and are alive
and disease-free; all are off therapy.

Of particular interest is the description of two cases
of DS that occurred in 2 SR patients.

Patient 4 (Figure 1, Panel 1): a 4 years old girl
presented with WBC count 5.4x10%L; on day 5, due to
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Table 1. Clinical and biological characteristics at disease presentation of the 8 patients diagnosed with APL.

- Diagnosis Haemorrhagic | WBC count . M3 PML/RARA | FLT3-ITD Developed Max WBC | Developed | DS symptoms/
Patients Date Age | Gender | BMI Diathesis at onset Risk Subtype Isoform mutation | Hyperleukocytosis count DS other side effects Treatment changes
1 | 27712020 | 10 | M | 17,24 | Mucocutaneous | 0.8x10%L | SR | M3c ber-1 na Yes 285x109L | Yes | Headache, weight Stop ATRA
gain, oedema Start PDN, HU
2 12/10/2020 4 M 15,14 Cutaneous 1.6 x 109/L SR M3c bcr-3 n.a Yes 52.4 x 109/L No No Stopﬁ;ﬁ%ATO
3 5/11/2020 7 M 14,55 Cutaneous 1.8 x 109/L SR M3c bcr-3 n.a Yes 20.8 x 109/L No No StopS?;FmATO
Stop ATRA/ATO
4 24/12/2020 4 F 18,88 Cutaneous 5.4 x 109/L SR M3c bcr-3 n.a Yes 91.8 x 109/L Yes Fever Start DXM, HU
2 dosed of GO
Fever, ?]rtth::qg'a' Stop ATRA/ATO
5 14/12/2020 | 14 M 19,49 Cutaneous 7.3x10°%L | SR M3c ber-1 positive Yes 52.6 x 10%/L Yes 03 dengm ' Start DXM, HU
respiratory failure 2 dosed of GO
Fever, weight gain, Stop ATRA
9 _ *
6 18/8/2020 7 M 17,28 | Mucocutaneous | 66.6 x 10°%/L | HR M3v ber-3 n.a. No Yes respiratory failure Start DXM
Mucocutaneous
7 30/6/2020 17 M 22,51 (with 15.7 x10%L | HR M3c ber-3 n.a. No * No No -
hematuria)
Stop ATRA/ATO
9 - Pseudotumor -
8 6/12/2019 12 F 19,29 Cutaneous 12.3x10%L | HR M3c ber-3 n.a. No No . Start acetazolamide,
Cerebri DXM

SR = Standard Risk; HR = High Risk; PDN = prednisone; DXM = dexamethasone; HU = Hydroxyurea; ATRA = all- trans retinoic acid; ATO = arsenic trioxide; GO = Gemtuzumab Ozogamycin; *the 3 HR patients received two
doses of GO, their WBC count dropped rapidly to 0.14 x 10%/L for patient 6, 0.34 x 10%L for patient 7, 0.32 x 10%/L for patient 8; none of them developed hyperleukocytosis.
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Figure 1. The figure shows the trend of WBC count in the two patients described who developed DS during the induction phase and related
treatment. Panel 2 also describes the trend of D-Dimer, which shows the resolution of coagulopathy after the resumption of ATRA.

progressive hyperleukocytosis (WBC 49.1x10%L),
worsening of unexplained fever and clinical status,
treatment with ATRA and ATO was interrupted; DXM
and HU were started. WBC count, however, continued
to increase (WBC 91.8x10%L, day 7), with peripheral
blood smear showing 83% of blasts. Two doses of GO
were thus administered, inducing profound aplasia
lasting ten days without infectious complications. On
day 12, treatment with ATRA, ATO, and PDN was
resumed without any problems until the end of the
induction phase on day 40 (32 and 36 days of ATO and
ATRA, respectively).

Patient 5 (Figure 1, Panel 2): a 14 years old boy
presented with WBC count 7.3x10%L; on day 10, he
developed fever, arthromyalgia, chest pain, weight gain,
and sustained hyperleukocytosis (WBC 27.2x10%L).
Due to the poor clinical status, treatment with
ATRAJATO was interrupted, and DXM and HU were
started with slow resolution of symptoms. However, the
patient continued to present hyperleukocytosis (WBC
30x10%L), thrombocytopenia, and  worsening
coagulopathy  with atypical not differentiating
promyelocytes in peripheral blood. On day 23, treatment
with ATO was resumed. Three days later, the patient
developed progressive weight gain and respiratory
failure requiring support with CPAP. ATO was
interrupted again, and two doses of GO (days 26 and 31)
were administered with progressive improvement of
respiratory function and decreased WBC count (nadir
WBC 0.94x10%L, on day 40). Unfortunately,
coagulopathy worsened after a transient improvement,
in association with unexplained fever and 80% of bone
marrow blasts. Treatment with ATRA was resumed and
DXM was substituted for methylprednisolone with rapid
resolution of signs and symptoms and continued without

ATO until the end of the induction phase on day 72 (10
and 33 days of ATO and ATRA, respectively). In this
patient, hyperleukocytosis was associated with striking
alterations of blasts morphology; the majority of them
looked like atypical monocytes, raising the suspicion of
the presence of another leukemic clone. These cells were
sorted and documented to be positive for the PML-
RARA rearrangement.

In pediatric APL, the experience with ATRA/ATO in
a frontline chemo-free treatment is still limited and is
currently under investigation in clinical trials. Previous
experiences in a limited number of children have been
reported.®® Treatment has resulted highly effective with
the achievement of molecular CR in almost all treated
patients. The major risks of the treatment with
differentiating agents in APL are the increase of WBC
count and DS. The incidence of hyperleukocytosis in
children during ATRA/ATO induction seems to be
higher than in adults, reaching more than 60% in some
series.’? Patients with hyperleukocytosis (WBC >
20x10%L) are at higher risk to develop DS, which can
occur at any time during the induction therapy, most
commonly around day 7.34° DS symptoms are
frequently non-specific, and the alternative causes
explaining the clinical features should be ruled out. The
prompt treatment with steroids reduces the severity of
DS and continues both ATRA and ATO in the majority
of adult and pediatric patients.*> However, the clinical
manifestations of DS may be serious and life-
threatening, requiring the interruption of treatment,
administration of chemotherapy, and intensive
supportive care. In the pediatric age, the diagnosis and
management of this complication, and the modulation of
therapy with differentiating agents, are not yet fully
established. In a PETHEMA study, other pretreatment
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variables, such as FLT3-ITD mutation, microgranular
FAB subtype, short PML-RARA isoform (bcr3), male
gender, and serum creatinine, were predictive of severe
DS; however, the multivariate analysis reduced the
significant variables to WBC count and serum creatinine
level.!* Anincreased BMI at diagnosis is also associated
with a higher risk of developing DS; in some pediatric
and adult APL series, BMI was one of the most powerful
predictors of the syndrome.*?

In our experience, ATRA/ATO toxicity, in keeping
with the literature, occurred mostly in the first two
weeks of treatment. This experience confirms that the
management of DS in childhood may be challenging,
requiring either discontinuation of one or both
differentiating agents and intensive supportive
treatment, including the administration of HU, which,
especially in a young child, may not be sufficient to
control WBC count increase and DS symptoms. Of
interest, 2 SR patients benefited from treatment with two

GO doses. However, both developed profound and
protracted aplasia, suggesting that a different dosage or
schedule may be appropriate. Since APL is rare in the
pediatric age, it remains difficult to establish solid
evidence-based guidelines; therefore, it is paramount to
gather all possible information on the clinical course of
such patients.

Overall, and even with the limitations of the number
of patients treated, our data suggest that differentiating
agents ATRA/ATO-related complications may be more
pronounced during the induction phase for APL in
children than in adults. The relevance of these aspects
requires thorough attention in managing chemo-free
schedules and needs to be confirmed in larger cohorts.
Controlled large studies are thus still needed to optimize
the ATRA/ATO combination treatment of APL in
childhood to reduce DS toxicity without jeopardizing
the outcome.
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