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Abstract

Background—Multiple randomized trials have demonstrated a benefit for all-frans retinoic acid
(ATRA) in patients with acute promyelocytic leukemia (APL). Pseudotumor cerebri (PTC) is an
infrequently reported adverse effect of ATRA.

Methods—We examined the incidence, clinical course, and outcomes of patients with APL
treated on Intergroup Protocol 0129 (10129) who developed PTC. This trial evaluated the role of
ATRA alone during induction and/or as maintenance therapy.

Results—Of the patients on trial, 240 received ATRA during induction, maintenance, or both; 8
had a clinical suspicion for PTC. Upon review of individual cases, this was felt to be “probable” in
4 patients, “possible” in 1 and “unlikely” in 3 due to lack of diagnostic criteria or presence of a
more likely alternate diagnosis.

Conclusions—*“Probable” PTC occurred in 1.7% of patients who received ATRA during
induction and/or maintenance therapy. In agreement with previous reports, the incidence of PTC in
APL patients receiving ATRA was higher in the pediatric population. Here, we discuss the method
for diagnosing PTC in the setting of ATRA therapy and management strategies.

MICRO-ABSTRACT

Pseudotumor cerebri (PTC) is a rare side effect of all-frans retinoic acid (ATRA). We examined
patients with acute promyelocytic leukemia (APL) treated on 10129 who developed PTC. This trial
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evaluated the role of ATRA alone during induction and/or as maintenance therapy. We found that
1.7% of patients receiving ATRA developed “probable” PTC. We review the literature on PTC in
APL and discuss diagnostic criteria.
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INTRODUCTION

Multiple randomized trials have demonstrated that all-frans retinoic acid (ATRA)
significantly improves the outcome of patients with acute promyelocytic leukemia (APL)1-2.
While ATRA is usually well tolerated, multiple side effects may occur including neurologic
toxicities such as headache and more rarely, pseudotumor cerebri syndrome (PTC). The
mechanism of ATRA neurotoxicity may be similar to vitamin A toxicity, which is a known
cause of PTC, as high doses of ATRA can lead to retinoids enhancing the production of CSF.
In a study comparing CSF retinol levels in patients with idiopathic PTC to those without, a
higher level of vitamin A was noted in the CSF of affected patients, none of whom had
known vitamin A toxicity3. Additionally, ATRA may alter the lipid constituents of the
arachnoid villi which disturbs the normal transport system and therefore CSF cannot be
absorbed?.

PTC may be a primary disorder, most commonly seen in obese female patients of
childbearing age, or it may be secondary to other causes such as cerebral venous
abnormalities, or associated with various medical conditions (such as Addison’s Disease), or
medications (such as ATRA therapy). In 2013, the diagnostic criteria for the syndrome were
revised, with requirements for diagnosis including papilledema, normal neurologic exam
except for cranial nerve abnormalities, normal neuroimaging without evidence of
hydrocephalus, mass, or structural lesion, and no abnormal meningeal enhancement on MRI
or contrast-enhanced CT, normal CSF composition, and elevated lumbar puncture (LP)
opening pressure (=250 mm Hg or =280 mm Hg for non-obese children). Further, the
diagnosis may be made in the absence of papilledema if all of the above criteria are satisfied
and the patient has unilateral or bilateral abducens nerve palsy. If there is neither
papilledema nor a sixth cranial nerve palsy, the diagnosis can be suggested, but not
confirmed with additional neuroimaging characteristics®. While headache is the most
common presenting symptom of PTC8, presence of headache is not part of the 2013
diagnostic criteria.

PTC has frequently been described in the literature as an adverse effect of ATRA therapy,
usually in single case reports*’~2%, making an estimation of its true incidence difficult. Here,
we discuss the series of patients on clinical trial 10129 in which there was a clinical
suspicion for PTC, focusing on diagnostic criteria in this select population, and how to treat
such patients.
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METHODS

Treatment with ATRA

Intergroup 0129 was a prospective trial conducted between April 1992 and February 1995 in
which patients with newly diagnosed APL by morphology were randomized to receive either
ATRA 45 mg/m?/day divided into two daily doses or to daunorubicin 45 mg/m? (1.5 mg/kg
for children <3 years of age) by intravenous (1V) bolus on days 1-3 and cytosine arabinoside
100 mg/m? (3.3 mg/kg for children <3 years of age) by continuous IV infusion on days 1-7
for induction. Patients on the ATRA induction arm were required to have WBC <10,000/uL
at presentation, or after hydroxyurea, prior to initiating ATRA. Patients who failed to
respond to ATRA for induction after a maximum of 90 days, or failed before 90 days of
ATRA because of toxicity or progressive disease, were permitted to cross over to the
chemotherapy arm. Patients randomized to induction chemotherapy who did not achieve CR
after 2 cycles did not cross over to the ATRA arm but were removed from the study and
treated at the physician’s discretion. For consolidation, patients who had a CR with
chemotherapy or ATRA received two cycles of consolidation therapy?.

For maintenance, patients in CR after both cycles of consolidation chemotherapy were
randomly assigned to either 45 mg of ATRA per square meter per day given orally in
divided doses every 12 hours for one year or to observation?.

Patients

A total of 397 patients were assessed for eligibility, 18 excluded leaving 379 patients for
induction randomization. For induction therapy, 191 were randomized to receive
chemotherapy and 188 were randomized to receive ATRA. Of the 191 patients randomized
to chemotherapy for induction, 129 achieved a complete remission with 105 randomized for
maintenance (52 randomized to ATRA maintenance and 53 randomized to observation). Of
the 188 patients randomized to ATRA induction, 142 obtained a complete remission with
113 randomized for maintenance (49 randomized to ATRA maintenance and 64 randomized
to observation). In total, 240 patients were evaluable for analysis on the ATRA arms
(induction, maintenance, or both)(Figure 1)30. Details of patient characteristics and
outcomes have previously been reported?.

Diagnosis
The diagnosis of PTC was made in the presence of signs and symptoms of intracranial
hypertension without clinical or radiological evidence of infective or space occupying
lesions. “Definite” PTC met all of the 2013 diagnostic criteria: (1) presence of papilledema,
(2) normal neurologic exam except for cranial nerve abnormalities, (3) normal neuroimaging
without evidence of hydrocephalus, mass, or structural lesion, and no abnormal meningeal
enhancement on MRI or contrastenhanced CT, (4) normal cerebral spinal fluid (CSF)
composition with elevated lumbar puncture (LP) opening pressure. Because of the clinical
circumstances associated with APL and the frequent inability to perform a lumbar puncture
safely in some of these patients, we constructed additional criteria to address the patients in
this cohort so we could delineate those in whom PTC was probable even though they did not
meet the full 2013 diagnostic criteria. Neurological exams and CSF composition were
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assumed to be normal unless explicitly stated otherwise, and in cases where the opening
pressure was not available from the LP, it is assumed that pressure was elevated to such a
degree to meet diagnostic criteria. Thus, patients with “probable” PTC met all but one of the
diagnostic criteria. “Possible” cases were missing two of the criteria, and “unlikely” cases
were those in which an alternate diagnosis was more likely than PTC or when only 0-1
criteria were present (Table 1).

Treatment of pseudotumor cerebri

RESULTS

Treatment of PTC, when suspected, was variable. In some instances, patients were provided
with symptomatic therapy such as dexamethasone and narcotics, and in other cases the
ATRA was held and restarted either at the same dose or a lower dose. Data were not
available regarding response to specific interventions within this series.

Clinical characteristics of patients with pseudotumor cerebri

Probable cases

Case 1: During induction, an 8 year-old girl developed a grade 2 headache on day 4 of
ATRA therapy. The headache persisted until day 20 when a head CT scan was performed,
which was normal. An ophthalmologist, saw the patient, and bilateral papilledema was noted
on funduscopic exam. For treatment of presumed PTC, this patient was given
dexamethasone. This patient meets all criteria for PTC except an LP was not performed,
making the diagnosis “probable.”

Case 2: During induction, a 19 year-old boy developed headache on day 9 of ATRA therapy.
He underwent an LP for workup, which showed an elevated CSF pressure of 420 mm water.
Papilledema was noted in the temporal region of his optic discs. ATRA was held, but
resumed on day 12. Neuroimaging was not documented, though this patient met all other
criteria for PTC, making this case “probable.”

Case 3: During induction, an 11 year-old boy developed diplopia with papilledema on day
13 of ATRA therapy, with a 6" nerve palsy on day 14 of therapy. Head CT scan was
negative on day 14. The patient was placed on dexamethasone on day 19 for treatment of
presumed PTC. An MRI on day 29 confirmed no structural abnormalities, and the patient
underwent an LP, which showed “increased intracranial pressure,” exact measurement was
not available. The patient underwent repeated LPs but developed right and left lateral rectus
palsies. Consideration was made whether these symptoms could be due to leukemic
infiltrates and hence the patient received radiotherapy to bilateral globes and anterior skull
base on day 47. By day 53, his vision improved. ATRA was discontinued on day 55. The
patient achieved a CR. It is not clear whether this patient truly had leukemic involvement of
orbit and optic nerve. This patient meets all criteria for “definite” PTC; however, due to
confounding factors including suspicion for an alternate diagnosis and administration of
radiotherapy, this case is also best considered as “probable.”
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Case 4: A 15 year-old girl received cytarabine and daunorubicin for induction therapy, and
subsequently received ATRA maintenance. She developed a headache, blurred vision, and
diplopia on day 19 of ATRA therapy. An LP on day 47 showed “increased intracranial
pressure.” A head CT scan was normal on day 50. ATRA was held intermittently and
restarted at a decreased dose, and therapy was completed without difficulty. This case meets
all criteria for PTC diagnosis except that papilledema was not described, making the
diagnosis “probable.”

Possible case

Case 5: A 24 year-old woman developed a grade 1 headache on day 2 of induction ATRA
therapy, treated with acetaminophen/propoxyphene. However, the headache increased to
grade 2 by day 7, in addition to a “dark spot” in her visual field. The visual symptoms
resolved although neurology and ophthalmology documented “blurring of the disc margin.”
This patient also developed polymicrobial bacteremia during this time frame. While the
patient meets some of the criteria for PTC, the diagnosis is only considered “possible” as
neither neuroimaging nor LP were performed, and the presence of an alternate diagnosis
(bacteremia) may have contributed to symptoms.

Unlikely cases

Case 6: An 11 year-old girl developed nausea and vomiting on day 4 of induction therapy
with ATRA. A CT head scan was performed on day 7, which was normal. Headache began
on day 9. On day 12, there is a note in the chart saying the patient had PTC. However,
neither papilledema nor increased CSF pressure were documented, so there is insufficient
evidence to make this diagnosis.

Case 7: On day 2 of ATRA therapy, this 4 year-old girl developed a headache with a normal
neurologic exam. The headache persisted and on day 13 of therapy, she developed acute
right 6! nerve palsy. Head CT scan showed a right subdural hematoma. On day 15, an MRI
showed a transverse sinus thrombosis. The patient was treated with dexamethasone for
“presumed PTC or conceivably from her thrombosis.” The patient improved after
dexamethasone. On day 20, an LP confirmed elevated pressure of 520 mm water, which
persisted on day 21, at 470 mm water. A shunt was placed with some improvement in
headache and neurologic exam. On day 28, the patient developed bilateral 6! nerve palsies,
and head CT scan showed hydrocephalus, and subsequent head CT scan showed an increase
in subdural hematomas. The patient then developed bilateral pneumonias, was transferred to
pediatric ICU, and was intubated for respiratory failure. She died on day 30 of therapy.
Though PTC was suspected in this case, it is unlikely, as this patient had multiple other
diagnoses including bilateral subdural hematomas, a transverse sinus thrombosis and
hydrocephalus as cause for her symptoms.

Case 8: A 14 year-old boy developed severe muscular pain and headache on day 14 of
ATRA therapy, prompting brief discontinuation of therapy. His symptoms were attributed to
PTC. Therapy was resumed two days later at 75% dose then decreased to 50% dose. In this
case, there was insufficient evidence to make a diagnosis of PTC, and this may instead be
simply ATRA-related headache.
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Summary of all cases

Three of the 188 patients developed “probable” PTC during induction therapy with ATRA,
with an additional one patient with “possible” PTC. In addition, one patient of the 101
receiving maintenance ATRA developed “probable” PTC during maintenance. In total, of
the 240 patients who received ATRA either during induction or maintenance there were 4
patients with “probable” PTC (1.7%). In three additional cases during induction, there was a
clinical suspicion for PTC; however, upon review, PTC was “unlikely” as alternate diagnoses
were more likely (Table 2).

DISCUSSION

Our findings indicate that PTC was suspected in 3.3% of patients who received ATRA on
10129. However, upon detailed review of individual cases, the diagnosis was determined to
be unlikely in a subset of these patients due to lack of sufficient diagnostic criteria or
presence of a more likely alternate diagnosis. Overall, only 1.7% of patients receiving ATRA
either during induction or maintenance developed “probable” PTC by the criteria we have
proposed. The cases of “probable” PTC that we have described were sufficiently
symptomatic for this diagnosis to be evaluated or considered. Ultimately, we do not know
the true incidence of PTC on 10129, given that not every patient with headache receiving
ATRA underwent neuroimaging, LP, and ophthalmic exam, and therefore, we may be
underestimating the true incidence of this complication.

PTC has been described in single case reports as an adverse effect of ATRA therapy, but its
true incidence is unknown. Some publications have focused on development of PTC in the
setting of drug interactions between ATRA and agents such as voriconazole or
fluconazole”-8. The largest series of patients (n= 32) in which PTC was characterized in
newly diagnosed APL included three consecutive Programa Espanol de Tratamientos en
Hematologia (PETHEMA) group trials: LPA96, LPA99, and LPA200532, and was published
in abstract form only. The authors diagnosed PTC “in the presence of signs and symptoms of
intracranial hypertension without clinical or radiological evidence of infective or space
occupying lesions,” without specifying further regarding diagnostic criteria within the
abstract. They reported a PTC incidence of 3% in APL patients receiving ATRA, with the
highest incidence amongst the youngest patients31. Ten of the 124 pediatric patients (8%) on
the multicentric Gruppo Italiano per le Malattie Ematologiche dell'Adulto (GIMEMA)-
Italian Pediatric Hematology and Oncology Group (AIEOP) "AIDA" (ATRA and idarubicin)
trial developed PTC32. Similarly, de Botton et al. reported 5 of 31 pediatric patients (16%)
on the APL93 trial developed PTC33. However, the exact criteria used for the PTC diagnosis
and the details of individual PTC cases are not available within these publications32:33,
Ultimately, owing to the higher observed incidence of adverse effects including PTC in
children, most pediatric oncologists begin ATRA at a lower dose of 25 mg/m? per day for
patients below age 1833,

In a recent case report of PTC during ATRA therapy, Holmes et al. performed a systematic
review of peer-reviewed publications using Medical Subject Headings (MeSH), PubMed/
Medline, and Google Scholar databases, as well as examining the bibliographies of each
article for additional references. Including the case presented, the authors identified 23
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patients with PTC during ATRA treatment for APL, 11 of whom were adults8-27:34.35_ Since
that publication, an additional three case reports and one case series have been
published#28:29:36_ Compiling all these patients and our four probable PTC patients (n= 35),
the mean age at diagnosis of PTC was 23.5 years with a median age of 18 years, with a
female to male ratio of 1.03:1410.28.29.36  The mean age of diagnosis amongst these case
reports may be an overestimate due to publication bias, as PTC is considered a more
common complication in the pediatric population, as seen in our series. The median time to
the diagnosis of PTC after initiation of ATRA, when occurring during induction (n= 28),
was 14.8 days (range 1-35 days). PTC also occurred during consolidation in two cases and
maintenance in seven cases (occurring during both induction and maintenance for 2 patients
and only during maintenance for 5 patients)*10:28.29.36 Regarding treatment, ATRA was
held in 30 of the 35 cases (86%) (in some cases after initial attempts to dose reduce), and in
three additional cases after other therapeutic interventions failed#10.28.29.36 | 8 of the 30
cases (27%) where ATRA was held, PTC resolved without further treatment. In the other
cases, signs and symptoms resolved following therapeutic LPs and/or the use of
medications, such as mannitol, glycerin, acetazolamide, topiramate, corticosteroids, and
analgesics*10:28.29 The most recent report of PTC in APL discussed the utility of topirimate
in patients failing acetazolamide3. Interestingly, this most recent report described a high
incidence of PTC (50%) in the setting of dual differentiation therapy with ATRA and arsenic
trioxide (ATO) (5 of 10 patients). The small numbers limit generalizability of these
findings36. Importantly, PTC was not reported in any of the landmark clinical trials
combining ATRA with ATO37-39,

In the setting of APL, there are numerous limitations to establishing the diagnosis of PTC;
specifically, there are safety concerns in obtaining an LP in the setting of thrombocytopenia
and coagulopathy that occur frequently in this disease. Further, there are concerns for
introduction of circulating leukemia cells into the CSF. Notably, in the compiled 35 PTC
patients receiving ATRA therapy, only 26 (74%) underwent a LP and in only 17 patients
(49%) did the LP opening pressure meet modern diagnostic criteria for PTC#10.28,29,36

Due to these limitations, we propose modification of diagnostic criteria for the APL
population to account for the risks of performing an LP. Our suggested modified criteria are
based on clinical experience; due to rarity of PTC in APL, it will likely not be feasible to
validate these revised criteria. In all patients, diagnostic criteria should include the presence
of papilledema, with a normal neurologic exam except for cranial nerve abnormalities. We
advise a formal neurology consultation. All patients should have neuroimaging that reveals
no evidence of hydrocephalus, mass, or structural lesion, and no abnormal meningeal
enhancement on MRI or contrast-enhanced CT. It is imperative that neuroimaging be
performed prior to LP. Regarding CSF examination, this should be performed only when
safe (i.e. in patients without severe thrombocytopenia, without high percent circulating
leukemic cells, and without active coagulopathy). The CSF criteria for diagnosis are the
same for patients without APL in that composition of CSF (sugar, protein, culture, and
cytology) should be normal and elevated opening pressure should be documented. In
patients who cannot safely get an LP performed, but satisfy all other criteria, a diagnosis of
“probable” PTC should be made, and the patients should be treated appropriately.
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Regarding management, multiple strategies have been utilized. In the majority of published
cases, ATRA therapy is held, and often reinitiated once symptoms have resolved, although at
a lower dose. Symptomatic relief may be accomplished by the administration of analgesics.
Other therapies that have been utilized include corticosteroids, acetazolamide, mannitol,
glycerin, topiramate, or therapeutic LP. Data are insufficient to suggest superiority of any
specific approach given that all reports are anecdotal.

Limitations of this series include its retrospective nature and limited information regarding
details of patient presentations such as details of CSF composition and pressure. However,
given our concordance with other series, we feel that the reported cases of PTC captured

within this patient population are a close reflection the true incidence of this complication.

CONCLUSIONS

In summary, PTC is a rare complication of ATRA therapy, which definitely appears to be
more frequent in children and tends to develop shortly after ATRA initiation, most
commonly during induction. Diagnostic challenges include the frequent inability to obtain a
lumbar puncture in the setting of coagulopathy or severe thrombocytopenia, in which case
we propose a provisional diagnosis of “probable” PTC. Clinicians should be vigilant
regarding this possible complication of ATRA therapy.
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CLINICAL PRACTICE POINTS

. PTC is a rare complication of ATRA therapy which is more common in
children

. Neurologic consultation should be considered when this diagnosis is
suspected

. PTC generally resolves with combination of holding ATRA and

supportive measures, and ATRA may often be resumed
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Flow diagram depicting distribution of patients for induction and maintenance
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Table 1

Proposed criteria for diagnosing PTC in APL patients.

Diagnosis category  Number of criteria  Criteria

present
Definite 4 1 Papilledema
Probable 3 2 Normal neurologic exam except for cranial nerve abnormalities
Possible 2 3 Normal neuroimaging including normal meningeal enhancement on MRI
or contrast-enhanced CT
Unlikely 0-1

4 Normal CSF composition with elevated LP opening pressure (2250 mm
Hg or 2280 mm Hg non-obese children).
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