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Simple Summary: Acute promyelocytic leukemia represents a compelling success story in terms of achieving
high cure rates with chemo-free regimens. Additionally, there is a noticeable trend towards adopting
exclusively oral medication especially for consolidation regimen. Despite these remarkable outcomes,
hematologists managing patients with APL must remain attentive to the distinct side-effects associated with
the two dual differentiation agents, ATRA and ATO. The objective of this paper is to present data on early
complications that arise in patients within a real-world setting, focusing on a population from a developing
country. Moreover, the paper aims to review relevant literature data and discuss the recommended
management strategies for these complications.

Abstract: The hallmark of acute promyelocytic leukemia (APL) is the presence of the characteristic fusion
transcript of the promyelocytic leukemia gene with the retinoic acid receptor a gene (PML::RARA), which is a
molecular target for all-transretinoic acid (ATRA) and arsenic trioxide (ATO). Therapies with ATRA plus ATO
have excellent outcomes in terms of complete remission rate, overall survival, and achievement of a deep and
durable molecular response with a very low incidence of relapse. However, although the combination of ATRA
and ATO has lower hematologic toxicity than standard chemotherapy, its use is associated with a spectrum of
distinctive toxicities, such as hepatic toxicity, QTc (QT interval corrected) prolongation, neurotoxicity, and
differentiation syndrome. Hematologists treating patients with acute promyelocytic leukemia should be aware
of possible early-complications of the ATRA plus ATO regimen and aim to balance treatment-related adverse
events and efficacy. Careful follow-up of the patient’s clinical course is essential to identify and treat each
complication. This study focused on treatment-related complications during induction and consolidations in
patients with APL who received ATRA plus ATO. We retrospectively analyzed 26 adult patients diagnosed
with APL between 2019 and 2022 at our center to identify the incidence rate, severity and time of onset of short-
term non-hematologic adverse events relative to the initiation of the ATRA and ATO regimen. Additionally,
we review the existing literature regarding the toxic side effects of ATO in APL and discuss how its most
frequent toxicities should be managed. The median follow-up of our patients was 21.5 months (range, 1-48
months) and the most common adverse events were hepatic toxicity (69.2%), infections (46.1%), differentiation
syndrome(23%) and QT prolongation (11.5%). All patients experienced at least one adverse event and grade 3
and 4 toxicities occurred in 57.6 % patients; these generally consisted of liver enzyme elevations, QTc
prolongation, but also some rare manifestations such as musculoskeletal pain syndrome (1 patient) and ATO-
related pancreatitis (1 patient). Most patients developed side-effects during induction. This is the first study
about Romanian patients diagnosed with APL. Our results suggest that all treatment-related adverse events,
except for differentiation syndrome were manageable, self-limiting and reversible. All patients, except for two
(one died during induction and one died during consolidation), were able to complete the treatment
consolidation with ATO and ATRA.
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1. Introduction

The comprehensive care of patients diagnosed with acute promyelocytic leukemia (APL)
involves four essential components - early-diagnos is and prompt ATRA administration; mitigation
of early mortality; recognition and management of complications associated with arsenic trioxide
(As20s, ATO) and all-trans retinoic acid (ATRA) treatment; and monitoring of measurable residual
disease (MRD). Taking into consideration outstanding outcomes of this treatment regimen and the
probability of cure for more than 90% of patients, our main objectives nowadays are to reduce the
risk of early death, to reduce treatment-related toxicities and to achieve a sustained molecular
response [1,2,3,4,5].

ATO has a long and intriguing course in medicine, spanning from its historical uses as a toxic
substance during the MiddleAges, including the purported poisoning of Napoleon through arsenic-
contaminated wine, to its contemporary utilization as a targeted therapeutic agent exhibiting
exceptional efficacy in the treatment of APL [1]. During the Middle Ages and Renaissance, ATO was
administered as a treatment for diseases such as syphilis and trypanosomiasis [2]. More recently, in
the 1970s and 1980s, Chinese researchers pioneered the use of ATO (10mg/d, intravenous infusion)
as a treatment for relapsed APL, with complete remission rates ranging from 65.5% to 84% and a
survival rate of over 10 years in 9 patients [6]. In 2000, the U.S. Food and Drug Administration (FDA)
approved ATO as a treatment for relapsed or refractory APL. Later on, the FDA (2018) and EMA
(2016) approved the use of the ATO-ATRA combination as a front-line therapy for non-high risk APL,
based on the results of the APL0406 phase III randomized trial published by LoCoco et al. [3].

Since its first use in 1980, it has been observed that the use of ATO demonstrates very reduced
hematologic toxicity[4].Moreover, this drug has a dose-dependent effect, specifically it induces
apoptosis at higher concentrations (0.5 to 2 uM) and differentiation at lower concentrations (0.1 to 0.5
M), both scenarios being associated with PML:RARA degradation [5]. Clinical trials have
highlighted the particular early-side effects associated with ATO therapy, such as hepatic toxic
effects, leukocytosis, differentiation syndrome, prolongation of the QTc interval, skin toxicity, and
neurotoxicity, most of which occur during induction therapy [3,6]. Regimens containing ATO and
ATRA have completely changed the clinical course of patients with APL in terms of outcomes,
leading to high rates of overall survival, extremely low rates of relapse, and successful cures for the
majority of patients [3, 6, 7]. The synergistic mechanisms of the two molecules induce differentiation,
apoptosis, degradation of PML::RARA, ATRA targets the RARa moiety of the protein, while ATO
targets PML [8].

The APL0406 trial, and its extended follow-up demonstrated that the treatment regimen
comprising ATRA and ATO is significantly superior to standard chemotherapy regarding both event-
free survival (97% versus 86%, p=0.02) and overall survival (with a 2-year overall survival
probability of 99% and 91% respectively) for patients diagnosed with non-high-risk APL [3, 7].
Regarding the toxicity profile, it was observed that patients who received the combination of ATRA
and ATO exhibited a reduced occurrence of infections compared to those treated with ATRA-
chemotherapy (26 episodes versus 59 episodes, p<0.001). Additionally, the ATRA plus ATO
combination frequently resulted in a lower transfusion requirement. However, it is worth noting that
the ATO-ATRA arm showed a higher incidence of high-grade hepatotoxicity compared to the ATRA-
chemotherapy arm (63% versus 6%, p<0.001), as well as a higher frequency of QTc prolongation (16%
versus 0%, p<0.001) [3].

The AML17 trial enrolled patients diagnosed with both low-risk and high-risk APL. In this
study, a different dosage regimen of ATO was administered alongside a standard dose of ATRA to
all patients included in ATRA plus ATO arm. Additionally, those identified as having high-risk APL
received an additional dose of gemtuzumab ozogamicin as part of their treatment protocol. It was
shown that patients treated with ATRA and ATO experienced reduced hospitalization durations and
required fewer blood products and antibiotics compared to the ATRA and chemotherapy group.
However, the incidence of hyperbilirubinemia of any grade was higher in the ATRA and Idarubicin
group, while higher levels of aspartatetransaminase (AST) wereobserved in the ATRA plus ATO
group [6]. The incidence of cardiac side-effects were higher in ATRA plus ATO arm compared with
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standard chemotherapy (21% and 10%, respectively). After two treatment cycles, 11% of patients in
the ATO and ATRA group experienced cardiac complications, whereas no such complications were
observed in the ATRA and Idarubicin group [6]. Moreover, other non-hematological side-effects
including elevated creatinine levels, proteinuria, alopecia, nausea, haematuria, and diarrhea, were
more common in the ATRA and idarubicin regimen when compared to chemo-free regimen [6].

The grade 3-4 treatment-related toxicities are managed with the temporary discontinuation of
ATRA, ATO, or both and subsequent dose decreased, with patients being followed up closely. [3,6].

In this paper, we propose to show our ,real-life” experience with the ATO and ATRA
combination and to review literature data pertaining to early-adverse events related to ATO, with
particular regard to their incidence, predisposing risk factors and management.

2. Materials and Methods

Patients diagnosed with APL, 18 years of age or older, who received ATRA and ATO in Fundeni
Clinical Institute, between January 2019 to December 2022, were included in this monocentric real-
world retrospective study.

Our objective was to analyze the incidence, severity and the time of onset of non-hematologic
adverse events during induction and consolidation using the ATRA and ATO regimen. The Common
Terminology Criteria for Adverse Events (CTCAE) version 5.0 was utilized to assess the toxicity
grade
(https://ctep.cancer.gov/protocoldevelopment/electronic_applications/docs/ctcae_v5_quick_refere
nce_5x7.pdf) . We discuss strategies for the management of non hematologic adverse events related
to ATO/ATRA therapy.

The diagnosis was confirmed on bone marrow or peripheral blood samples by fluorescence in
situ hybridization (FISH) and reverse transcriptase polymerase chain reaction (RT-PCR) analysis for
the PML:RARA fusion oncogene. All patients were stratified according to the Sanz risk score [9].

ATRA administration was divided into two daily doses totaling 45mg/m? while ATO was given
intravenously at 0.15 mg/kg daily until complete remission (CR), or for a maximum of 60 days.
Patients received hydroxyurea to control hyperleukocytosis when it occurred. Once in CR, patients
received 4 cycles of ATO consolidation and 7 cycles of ATRA as per APL0406 trial [3]. Four patients
received Idarubicine and ATRA as induction according to PETHEMA protocol, followed by ATO and
ATRA consolidation.

The following data from hospital-based patient records were collected: age, gender, transcript
subtype of PML:RARA, treatment protocol, clinical and laboratory characteristics at diagnosis and
during the course of induction and consolidation. The study received approval from the hospital's
ethics committee. We determined the incidence of each complication by calculating it as a percentage
of the entire study population.

3. Results and Discussion

A total of 26 patients treated with ATRA plus ATO from our center were included in this study.
Among them, 50% were female and the median age at the time of treatment initiation was 42 years
(range 18-69). 76.9% of patients had low/intermediate-risk APL, 7.69% had high-risk APL and four
patients (15.38%) were diagnosed with relapsed disease (two patients with hematological relapse,
one patient with combined molecular and central nervous system -CNS relapse, and another patient
with combined morphological and CNS relapse). All patients received ATRA and ATO as induction
therapy, except for 4 patients who were treated according to the PETHEMA regimen (two patients
with high-risk APL and two patients with low-risk APL). Patient characteristics are shown in Table
1.
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Table 1. Baseline characteristics of the study population.

Number of patients 26
Gender, n (%)
Male 13 (50)
Female 13 (50)
Age at treatment initiation, median, 42 (18-69)
(range)

Sanzscore, n (%)

Low/intermediate 20 (76.9)
High-risk 2 (7.69)

Transcript subtype, n (%)

Berl 0
Ber2 19 (73)
Bcr3 7 (27)
Disease status, n (%)
Newly diagnosed 22 (84.61)
Relapse disease 4 (15.3)

Previous therapies, n (%)

Pethema protocol
(induction, consolidation, 4 (15.3)
maintenance)

Induction with Idarubicine and

ATRA 4 (15.3)

The median follow-up was 21.5 months (range, 1-48 months). At the end of this period, 23
(88.4%) patients were in molecular remission and one patient had persistent CNS disease. The rate of
early-death was 3.84% — one patient died from multiorgan failure during induction therapy. One
patient died during the first consolidation therapy owing to multiple complications associated with
COVID-19 infection. At the last follow-up,one patient had persistent CNS disease despite several
lines of therapy (high-dose cytarabine and methotrexate, CNS radiotherapy, ATRA plus ATO, and
multiple intrathecal chemotherapy administrations). It should be noted that all of our patients with
relapsed APL treated with ATRA plus ATO refused to undergo auto-SCT or allogeneic SCT. The
outcomes of our patients are shown in Table 2.

Table 2. Outcomes of patients included in this study.

Early-death, n (%) 1 (3.84)

CR rate, n (%) 25 (96.15)
Relapse rate, n (%) 1(3.84)

Molecular remission, n (%) 23 (88.46)

The most commonly reported adverse events were hepatotoxicity (69.2%), infections (46.1%),
differentiation syndrome (23%) and QTc prolongation (11.5%). In total, 57.6% of patients experienced
grade 3 or 4 complications. All these patients, except for one patient who developed differentiation
syndrome, resumed treatment with no recurrence of a specific toxicity. Table 3 and Figure 1 detail
the incidence of side-effects during induction and consolidations.
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Table 3. Overall incidence of side-effects developed during induction and consolidation therapy.
Characteristic No of Grac.le' 3-4 . Durlr}g Dul.'mg'
patients (%) toxicity induction consolidation
Hepatotoxicity 18 (69.2%) 9 (50%) 17 (94.4%) 1 (5.6%)
QTc prolongation 4 (11.5%) 3 (75%) 2 (50%) 2 (50%)
Pseudotumor
2 (7.69% - - 2 (50%
cerebri (7.69%) (50%)
1 letal
Muscu o'ske etalp i 1(3.84%) 1(3.84%) i
ain
Pancreatitis - 1 (3.84%) 1 (3.84%) -
Infections 12 (46.15 %) - 10 (83.3%) 3 (25%)
Peripheral
eripheta 4. (7.69%) - - 2 (50%)
neuropathy
Differentiation
% 1 (16.6% 100%
syndrome 6 (23%) (16.6%) 6 (100%) 0
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Figure 1. Incidence of side-effects during induction and consolidation therapy.

3.1. Hepatic Toxicity — Results and Discussion

In our study, 69.2% (18 patients) had experienced hepatotoxicity during induction or
consolidation. Among them, 50% developed grade 3-4 hepatotoxicity which resolved with temporary
treatment discontinuation. All patients received N-acetylcysteine intravenous administration and
hepatoprotective agents, which included soy essential phospholipids, silymarin, and
ursodeoxycholic acid. Significantly, no recurrence of severe hepatic toxicity was observed when
treatment was resumed. The vast majority of patients experienced hepatic side-effects on week 3-4 of
induction treatment. ATO-induced hepatotoxicity is a diagnosis of exclusion; therefore, other
etiologies must be considered such as viral reactivations including hepatitis B, hepatitis C or
cytomegalovirus (CMV), imaging assessments to exclude local conditions such as cholecystitis or
local thrombosis, and identifying other medications that could potentially contribute to liver toxicity.
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The liver toxicity primarily manifested through elevated levels of alanine aminotransferase (ALT)
and aspartate aminotransferase (AST).

Studies have shown that the hepatotoxicity is more frequent in patients treated with ATO and
ATRA regimen compared with ATRA and conventional chemotherapy [7]. The incidence of liver-
function abnormalities varies between 44% in the APL0406 trial to 25% in AML17 study [6,7]. The
hepatic toxicity rates reported by Burnett et al. were lower, possibly because of the differend schedule
of ATO administration. LoCoco et al. reported an incidence of 63% of grade 3-4 hepatic side-effects,
which is similar to our findings [3,6].

The management strategy needs to be adapted to the severity of the manifestations. In patients
with grade 1-2 liver-function abnormalities, closer monitoring of the liver function is required while
continuing with the same dose of ATO. In the context of grade 3-4 hepatotoxicity, a necessary step is
the temporary discontinuation of ATO. Subsequently, ATO can be resumed at 50% of the initial dose
for a duration of 7 days, provided that liver enzyme levels decrease to less than 3 times the upper
limit of normal (ULN) or total bilirubin reduces to less than 1.5 times ULN. In the absence of any
aggravation in liver markers during this 7-day period, ATRA and/or ATO can be reintroduced at
their full dosages. [3, 10].

Different trials have investigated the possible predictive factors for ATO-induced hepatotoxicity
such as hemoglobin >80 g/L, the absence of prophylactic hepatoprotective agents, non-single-agent
ATO, fibrinogen<1 g/L [11] and the homozygous mutation of MTHFR 1298 (C/C) [12]. However,
further studies are necessary to establish the role that each of these factors plays in liver toxicity.
Evidence suggests that differentiation syndromemay serve as both a risk factor and an exacerbating
factor for hepatotoxicity[13].

Our study found that liver toxicity is transient in nature and does not lead to liver failure or to
permanent treatment discontinuation. These findings are consistent with the results reported in
various clinical trials and case-series[3,6,9, 13].

3.2. QT Prolongation — Results and Discussion

QTc (corrected QT) prolongation was defined as QTc greater than 450 milliseconds for men and
greater than 460 milliseconds for women, with correction calculated using the Framingham formula
[3]. In our study, we performed a 12-lead ECG at least four times per week during the induction
course and two times per week during consolidation; the Friedericia formula was used for rate-
correction. QT-interval prolongation could be associated with torsades de Pointes (TdP) and sudden
cardiac death. In general, risk factors associated with TdP include electrolyte abnormalities (such as
hypokalemia and hypomagnesemia), female sex, existing cardiovascular conditions (e.g., heart
failure, bradycardia), drug interactions, genetic predisposition, and QTc prolongation[14].

In our study, four patients (11.5%) experienced QTc prolongation, two of them during induction
and the other two during consolidation therapy. One patient had grade 2 QTc interval prolongation
and three patients had grade 3, but none of them developed severe arrhythmias or clinically
significant symptoms. The majority of patients with QT prolongation were female (75%), the median
age was 48.5 and 50% of them had a previous history of cardiac failure and atrial fibrillation.

The initial management of this specific complication consists of temporarily stopping ATO
treatment if the QTc exceeds 500 milliseconds. Additionally, it is crucial to maintain sufficient
electrolyte levels, specifically potassium (>4 mmol/L) and magnesium (> 0.74 mmol/L). Furthermore,
potential interactions with other drugs that may prolong the QTc interval should be identified. After
normalization of the QTc interval, ATO treatment was reintroduced ata dosage of 0.075 mg/kg (50%
of the full dose) for an initial period of 7 days. If no additional QTc prolongation was observed during
this period, the ATO dosage was increased to 0.11 mg/kg for the following week. Subsequently, if no
further prolongation was detected, ATO was resumed at the full prescribed dose [3,10,15].

The study of LoCoco et al. reported an incidence of QTc prolongation of 16%, which is higher
than the results published by Burnett et al. [3,6]. According to available literature data, the vast
majority of patients had an asymptomatic QT prolongation [6,16,17]. In the APL0406 trial one patient
required permanent discontinuation of ATO [3]. In the study of Soignet et al. one patient (1/40) had
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an episode of 7-beat run of torsade de pointes in the setting of hypopotassemia, hypomagnesemia
and co-administration of other drugs that prolong QT interval [16]. Outside of clinical trials, there
are some case reports of transient nonsustained ventricular tachycardia without QT prolongation
resolved after nadolol administration[18], and in the paper published by Unnikrishnan et al. 3 cases
of patients who developed torsades de pointes following ATO administration were described[19]. It
has also been shown that patients with moderate or severe renal impairment have an increased
incidence of QT prolongation and liver toxicity [20]

The exact mechanism responsible for ATO-induced cardiotoxicity remains largely uncertain; it
has been hypothesized that it may involve elevated oxidative stress and intracellular calcium
overload. Several ongoing studies are investigating the potential of anti-oxidation and anti-
inflammation drugs, such as Sacubitril/valsartan, resveratrol, L-ascorbic acid, and omega-3 fatty
acids, as potential therapeutic options to mitigate arsenic-induced cardiotoxicity. Nevertheless,
further research is necessary to comprehensively explore and validate the efficacy of these treatments
[13,21,22,23].

3.3. Acute Musculoskeletal Pain (MSK) Syndrome

Acute musculoskeletal pain (MSK) syndrome is a less common toxicity of ATO therapy. Overall,
data about the incidence and predisposing factors for MSK pain is still lacking and further studies
are needed in order to define them.

In our study, one patient (3.84%) developed MSK syndrome during induction. This patient was
a 27-year old male, diagnosed with non-high risk APL. On day 12 of the induction course, he
experienced intense muscle and bone pain in both lower extremities. Pain levels reached 8 on a 0-to-
10 numeric analog pain score. These symptoms showed poor responsiveness to conventional
analgesics therapy. However, following the discontinuation of ATO and ATRA, and the initiation of
dexamethasone administration, there was noticeable improvement within 4 days. On the first day of
MSK syndrome the WBC count was 23 x 103 /uL, while the creatine kinase levels were within normal
range.

There are several case reports which indicated that the ATRA therapy during induction could
induce myositis [24,25], especially in the setting of Sweet’s syndrome. He H et al. describe the case of
a 68-year-old patient who developed rhabdomyolysis secondary to ATO treatment [26]. Kubiak et
al. showed that 21.4% patients (9/42) developed acute MSK during induction, with a median duration
of pain of 5 days and a median time of presentation of 11 days after treatment initiation. This side-
effect seems to be related to rapid increase of the WBC in patients with low-risk APL [27]. There is no
standard recommendation for the management of this rare and specific side-effect. However, the
most commonly adopted strategy involves temporarily discontinuing ATO and ATRA while
administering corticosteroids [27].

3.4. Treatment-Related Pancreatitis

The occurrence of acute pancreatitis during induction with ATRA and ATO is an uncommon
complication. In the few cases in which it has been reported, acute pancreatitis developed in the
setting of ATRA-induced hypertriglyceridemia or ATRA-induced differentiation syndrome [28,29].

In our study, one patient (3.84%) developed a grade 4 ATO-related pancreatitis during induction
therapy, with no clinical manifestations. The patient was a 55-year-old woman with a medical history
of dyslipidemia and type 2 diabetes mellitus, diagnosed with low-risk APL according to Sanz risk
score. Starting on day 10 of induction therapy, the laboratory work-up showed a gradual increase of
serum lipase and amylase levels (peak value 3738 IU/dl and 332 IU/dl, respectively), along with
mild hypertriglyceridemia (305 mg/dl). The abdominal CT scan was compatible with an acute
edematous pancreatitis with no local complications. Other possible causes of pancreatitis - such as
gallstones, alcohol use, severe hypertriglyceridemia (> 1000 mg/dl) [30] — have all been excluded.
The management consisted of intravenous hydration, dexamethasone, and a 5-day pause of the
induction therapy. The biological evolution was favorable and ATRA treatment was resumed at full
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dose. ATO was restarted at the dose of 0.075mg/kg/day for 7 days and then increased to the full dose.
Our patient had no sign of differentiation syndrome.

A review of the literature showed 3 cases of patients diagnosed with APL who developed acute
pancreatitis during ATO therapy are listed in Table 4

Table 4. The summary of the findings for each patients with APL and acute panceratitis.

Patient Disease . .
. Treatment Diagnosis Management
characteristics  status

-Pancreatitis with

high level of -ATO
Yamano Relapsed pancreatic discontinuation
T, et M/77 yo APL ATO enzymes;
al.[31] -CT scan: -Intravenous
edematous gabexate mesylate
pancreatitis
-lipase=1229 IU/dI
-amylase=940 IU/dl -ATRA and ATO
-CT scan: discontinuation (8
De D, et APL- ATO+ edematous days)
al F/18yo  intermediat ATRA pancreatitis -ATRA resumed at
[32] e risk -Differentiation the dose of 25mg/m?
syndrome with ~ -dexamethasone
mild respiratory ~ 10mg every 12 h
failure
-lipase=4960 IU/dl
-amylase=405 IU/dl _ATO
-CT scan: . . .
e discontinuation
Connelly Relapsed pancreatitis (permanently)
Setal, F/24 yo APL ATO -high level of chelating agent for
[33] arsenic in blood

. arsenic toxicity
and urine samples

-toxic metabolic
encephalopaty

The mechanism of ATO-related pancreatitis is not well understood. Several cases of arsenic
intoxication associated with signs of pancreatitis, gastroenteritis and neurologic manifestations have
been reported [34,35]. Given the limited understanding of the possible implications of this rare
complication, we advocate for vigilant monitoring of amylase and lipase levels during the induction
therapy. This approach will facilitate dose adjustments or, if needed, the consideration of
discontinuing ATO treatment.

3.5. Neurologic Toxicity

No data regarding neurotoxicity was included in the study published by LoCoco et al., while
the final analysis of the APL0406 trial showed that peripheral neuropathy was the most common
neurologic side-effect. The incidence of neurotoxicity was greater among patients treated with ATRA
and ATO regimen, especially during consolidation (5% and 5.9% during the second consolidation
and the third consolidation, respectively) [3,7]. Additionally, Zacholski et al. conducted a study
investigating the dose-dependence of ATO-related neuropathy. Their findings revealed that
implementing a dose capping at 10 mg resulted in reduced rates of neurotoxicity during the
consolidation phase [15].

In our study, four patients (15.3%) developed neurologic toxicity, two of which experienced
peripheral neuropathy and another two pseudotumor cerebri (PTC). All patients completed the
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therapy and achieved molecular remission. The first patient was a 46-year-old man who had
previously undergone surgery for a spinal dural arteriovenous fistula, resulting in grade 1 peripheral
sensorimotor axonal polyneuropathy. He was diagnosed with low-risk APL and experienced
grade 2 neurotoxicity during the consolidation phase of the ATO-ATRA regimen. In this particular
instance, we did not reduce the dosage of ATO. Instead, the patient was prescribed pregabalin and a
dietary supplement containing alpha-lipoic acid and gamma-linolenic acid. Over the three months
following the end of treatment, the neurologic symptoms gradually improved. The second patient, a
64-year-old female diagnosed with low-risk APL, experienced grade 3 peripheral neuropathy in both
lower extremities, accompanied by grade 2 constipation after the completion of the first consolidation
course. In this specific case, during the second consolidation phase, the dose of ATO was reduced
by 25% with improvement of neurotoxicity and resolution of constipation. ATO was later increased
to full dose for the last two cycles of consolidation treatment.

Additionally, we identified two patients (7.69%) who were diagnosed with "probable" and
"possible" PTC respectively. Both patients are young females under the age of 26, with a BMI
exceeding 30 kg/m?2. The onset of this complication occurred during the first consolidation phase of
ATO and ATRA treatment. The characteristics of the patients and their corresponding management
are outlined in Table 5. The Dandy criteria (papilledema, a normal neurological exam except for
cranial nerve abnormalities, elevated lumbar puncture opening pressure (250 mmHg or 2280 mmHg
for non-obese children), and normal neuroimaging) were used to establish the diagnosis of PTC [36].
Risk factors for the development of pseudotumor cerebri include female sex, age (childbearing years),
obesity, endocrine disorders, and hypervitaminosis A [37,38]. This complication has a high incidence
in the pediatric population and among young adults, especially within 2 -3 weeks of induction
treatment for APL [39]. Its various clinical manifestations may include persistent severe headache,
diplopia, vomiting, nausea, and pulsatile tinnitus [40].

Table 5. Summary of the patient characteristics and their respective management approaches.

Age/ Time L. .
Patient Gende BMI 0 Headach I@aglstlc Papillede LP  Management
kg/m? e findings ma
treatment
-ATRA/ATO
discontinued
for 7 days.
Upon the next
le, ATRA
Head CT yee 8-
Yes scanand was reinitiated
1 20/F 345 Consol ! Yes ND at 80% of initial
grade2# MRI-
dose
normal
Dexamethason
e
Acetazolamide
Incr -ATRA/ATO
Yes Head CT C(;zase discontinued
2 26/F 31,5 Consol radeIZ# scan — ND cessur -
& normal P :S Dexamethason
e

#Headache grade 2 (NCI-CTCAE-V5) — moderate pain; limiting instrumental ADL (activities of daily living) ;
*ND - not done; LP- lumbar puncture; BMI -body mass index .

Effective management of this condition is crucial in order to prevent blindness, which is the
primary complication caused by progressive swelling and atrophy of the optic disc. The management
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strategies primarily aim to reduce intracranial pressure and may involve discontinuation of ATRA
and ATO, therapeutic lumbar punctures to remove cerebrospinal fluid (CSF), administration of
acetazolamide, corticotherapy, diuretics (mannitol or furosemide), and analgesics [36,40,41].
Moreover, it is crucial to note the potential interaction between ATRA and other drugs which may
be administered during leukemia treatment, particularly antifungal triazoles, which can increase the
risk of developing pseudotumor cerebri (PTC)[42,43].

The neurotoxicity mechanism of ATRA shares similarities with vitamin A intoxication, leading
to impaired CSF reabsorption. Conversely, the precise mechanism by which ATO induces these
specific side effects has not been extensively elucidated in the available literature. [39].

Limited data are available regarding the incidence of PTC in patients undergoing dual
differentiation therapy. In a study by Smith et al, five cases of patients diagnosed with PTC were
described. Among the patients, four experienced the onset of symptoms during the induction phase
of treatment, while one patient developed PTC during consolidation. The management approach
included temporarily discontinuing ATRA and ATO, along with the administration of acetazolamide
and topiramate to reduce symptoms and control intracranial pressure [44].

In a study conducted by Montesino et al., a total of 1034 patients from the LPA96, LPA99, and
LPA2005 trials were analyzed. They found an incidence rate of PTC of 3% (32 patients), with the
majority of cases occurring during the induction phase and only two cases during consolidation. The
study also revealed a higher incidence of PTC in patients under 18 years old, those with fibrinogen
levels below 170 mg/dl, and those with an ECOG (Eastern Cooperative Oncology Group) score above
1 [41]. Importantly, this type of neurotoxicity was found to be reversible and did not impact treatment
outcomes [41].

PTC is an uncommon complication observed during consolidation therapy for APL. In one of
our cases, its occurrence may be explained by the fact that the patient was initially treated according
to the PETHEMA protocol for the induction phase and subsequently transitioned to ATRA and ATO
consolidation therapy.

3.6. Infections

In our study population, 12 patients (46.15%) experienced documented infections and prolonged
fever of unknown origin during both the induction and consolidation phases. Among these cases,
urinary tract infections (UTIs) were observed in five patients (41.6%), while SARS-CoV-2 accounted
for the second most common type of infection (4 patients, 28.5%). The majority of the infectious
complications occurred during the induction phase (10 patients, 83.3%).

In our study, the prevalence of infections as one of the most common complications can be
attributed to specific factors inherent to our hematology ward. Notably, we experienced two episodes
of COVID-19 outbreaks during the second (March-May 2021) and fourth (January-April 2022)
waves of the SARS-CoV-2 pandemic. Additionally, there was an outbreak of Klebsiella infection in
our facility. These circumstances likely contributed to the increased infection incidence in our patient
population.

3.7. Differentiation Syndrome (DS)

In our study population, a total of six patients (23%) developed differentiation syndrome (DS).
Among these cases, one patient experienced a severe form of DS associating respiratory, renal, and
cardiac failure, which unfortunately resulted in his death. The five remaining patients experienced a
milder form of DS, and their condition showed improvement upon discontinuation of ATRA and
ATO, along with the administration of dexamethasone.

DS can present as a diverse range of manifestations, encompassing unexplained fever, dyspnea,
hypotension, weight gain, radiographic opacities, acute renal failure, and pleural effusion.
Depending on the severity of the clinical presentation, DS may be classified as indeterminate (1 or 2
signs or symptoms), moderate (3 symptoms), or severe (more than 4 clinicalfeatures)[45]. This range
of manifestations underscores the importance of a thorough clinical evaluation and early recognition
for appropriate management.
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To mitigate the risk of DS, all patients in our study received prophylactic treatment with
prednisone at a dose of 1mg/kg/day for the initial 15 days of their induction course. Alternative
schedules of prophylactic corticosteroids have been proposed, such as prednisone 0.5mg/kg per day
starting from day 1 until the completion of the induction phase, or dexamethasone 2.5mg/m? every
12 hours during days 1-15 [45,46]. In managing DS, the established protocols involve promptly
discontinuing the administration of ATRA and ATO. Instead, the patients were initiated on
dexamethasone at a dose of 10 mg twice daily until the symptoms resolved [15], [3].

The reported incidence of DS ranges from 2% to 48%, and typically carries an average mortality
rate of 1% [45,47].In the study conducted by LoCoco et al., DS occurred in 19% of the patients treated
with ATRA-ATO, while 16% of the patients in the ATRA-chemotherapy group developed DS
(p=0.62). The incidence of severe DS was comparable in both treatment arms, but notably, two
patients who received ATRA plus chemotherapy experienced fatal outcomes. These results suggest
that there were no significant differences in the severity or incidence of DS between the two treatment
groups [3]. Its onset can occur anywhere between 0 to 46 days after the introduction of ATRA, with
a median manifestation time of 12 days [46]. Given its life-threatening nature and status as one of the
primary contributors to early mortality in APL, prompt identification of DS signs and symptoms
holds paramount importance. The incidence of DS shows significant variations between clinical trials
and real-world scenarios due to the challenges posed by its very nature as a diagnosis of exclusion.
It requires considering and ruling out other potential conditions, such as sepsis, hemorrhage, and
cardiac failure. Furthermore, the lack of a pathognomonic biomarker adds to the complexity of
accurately diagnosing DS.

Our study is subject to certain limitations, including a small sample size within the study
population and the retrospective nature of the analysis.

4. Conclusions

In conclusion, the short-term complications associated with the ATO plus ATRA regimen are
manageable and reversible in adult patients diagnosed with APL outside of a clinical trial. The
differentiation syndrome continues to be a significant contributing factor to early mortality in APL.
Real-life data provides a more detailed understanding of specific toxicities, including some rare side
effects such as MSK pain, PTC and ATO-induced pancreatitis. Overall, our real-life data aligns with
the results observed in the published clinical trials regarding non-hematologic side effects, with the
exception of infection-related complications which are higher in our study.
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