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A systematic evaluation of the safety and toxicity of
fingolimod for its potential use in the treatment of acute

myeloid leukaemia
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Treatment of acute myeloid leukaemia (AML) is challenging
and emerging treatment options include protein
phosphatase 2A (PP2A) activators. Fingolimod is a known
PP2A activator that inhibits multiple signalling pathways
and has been used extensively in patients with multiple
sclerosis and other indications. The initial positive results of
PP2A activators in vitro and mouse models of AML are
promising; however, its safety for use in AML has not been
assessed. From human studies of fingolimod in other
indications, it is possible to evaluate whether the safety and
toxicity profile of the PP2A activators will allow their use in
treating AML. A literature review was carried out to assess
safety before the commencement of Phase | trials of the
PP2A activator Fingolimod in AML. From human studies of
fingolimod in other indications, it is possible to evaluate
whether the safety and toxicity profile of the PP2A activators
will allow their use in treating AML. A systematic review of
published literature in Medline, EMBASE and the Cochrane
Library of critical reviews was carried out. International
standards for the design and reporting of search strategies
were followed. Search terms and medical subject headings
used in trials involving PP2A activators as well as a specific
search were performed for ‘adverse events’,‘serious adverse
events’, ‘delays in treatment’, side effects’ and ‘toxicity’ for
primary objectives. Database searches were limited to
papers published in the last 12 years and available in
English. The search yielded 677 articles. A total of 69 journal
articles were identified as relevant and included 30 clinical
trials, 24 review articles and 15 case reports. The most
frequently reported adverse events were nausea, diarrhoea,

Introduction

Treatment of acute myeloid leukaemia (AML) is chal-
lenging and clinical trials involving novel approaches are
considered the best therapeutic strategy in many patients
with AML [1]. One potential approach, which has shown
promising results in 7z vitro and mouse models, is phar-
macological activation of a serine/threonine phosphatase-
negative regulator, protein phosphatase 2A (PP2A) [2].

PP2A is a multimeric enzyme composed of a catalytic
subunit (C), a structural subunit (A) and a variable
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fatigue, back pain, influenza viral infections, nasopharyngitis
and bronchitis. Specific safety concerns include monitoring
of the heart rate and conduction at commencement of
treatment as cardiotoxicity has been reported. There is little
evidence to suggest specific bone marrow toxicity.
Lymophopenia is a desired effect in the management of
multiple sclerosis, but may have implications in patients
with acute leukaemia as it may potentially increase
susceptibility to viral infections such as influenza.
Fingolimod is a potential treatment option for AML with an
acceptable risk to benefit ratio, given its lack of bone
marrow toxicity and the relatively low rate of serious side
effects. As most patients with AML are elderly, specific
monitoring for cardiac toxicity as well as infection would be
required. Anti-Cancer Drugs 27:560-568 Copyright © 2016
Wolters Kluwer Health, Inc. All rights reserved.
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regulatory subunit (B), of which there are at least three
different families (B55, B56, B”), each with several iso-
forms [3]. The association of a particular B subunit with
the core AC dimer introduces substrate specificity and
subcellular targeting of PP2A activity [4-6]. PP2A activity
is further regulated by post-translational modifications
and by endogenous inhibitory proteins such as the SET
and CIP2A (cancerous inhibitor of PP2A) oncogenes
[7,8]. PP2A is involved in numerous cellular processes,
including cell cycle regulation, DNA damage response,
apoptosis and migration. The tumour-suppressing activ-
ities of PP2ZA depend on its ability to inactivate multiple
components of growth and survival signalling pathways
required for tumourigenesis, such as the Ras/ERK,
PI3K/Akt, INK, JAK/STAT and Wnt/p-catenin pathways.
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PP2A also regulates c-Myc, p53 and apoptosis-related
proteins such as Bcl-2, Bax and Bad [2]. Functional
inactivation of PPZA has been observed in a range of
myeloid malignancies [6]. In AML,, the receptor tyrosine
kinase ¢c-KIT is mutated in a small subset of patients as
seen in those with core binding factor AML, where
oncogenic ¢-KIT signalling requires inhibition of PP2A
for leukaemogenesis [9]. Impaired PP2A activity has fur-
ther been reported as a common event in AML [10]. In
preclinical studies on core binding factor AML, pharma-
cological activation of PPZA inhibited proliferation, sur-
vival and in-vivo leukaemogenesis, suggesting that
targeting PP2A activation may be a useful therapeutic
strategy [9,11]. PP2A inactivation has also been described
to be essential for BOR-ABLI-induced leukaemogenesis
in chronic myeloid leukaemia and in Jak2(V617F)
mutant-driven myeloproliferative neoplasms [12]. In all of
these studies, preclinical evaluation of the PP2A activat-
ing drug, fingolimod (FTY720, Gilenya; Novartis, Basel,
Switzerland), showed a substantial antileukaemic effect.
A preclinical study has also reported an apoptotic effect of
fingolimod in B-cell chronic lymphoid leukaemias [13].

A number of small molecules have been reported to activate
PP2A [14,15]. To date, the most promising of these for
clinical applications is the sphingosine analogue F1Y720
(fingolimod; Gilenya; Novartis). It is a water-soluble drug with
high oral bioavailability that reversibly arrests lymphocyte
trafficking and has recently been approved by the United
States Food and Drug Administration (FDA) as an immu-
nomodulator for muldple sclerosis (MS) patients. 1z vivo,
fingolimod is phosphorylated by sphingosine kinase 2 and
phosphorylated fingolimod (F'TY720-P) binds to sphingosine-
1-phosphate receptors (SIP-R), leading to modulation of
chemotactic responses and lymphocyte trafficking [16,17]. In
addition to SIP-R agonism, fingolimod activates PP2A (both
in situ and iz vitro) and induces apoptosis of a range of cancer
cells. PP2A activation is independent of fingolimod phos-
phorylation and SIP-R binding, and is absolutely essential for
its apoptosis-inducing effects [9,13,18,19]. Indeed, a number
of chiral analogues of fingolimod that cannot be phosphory-
lated by sphingosine kinase 2 and do not bind SIP-Rs, such as
AAL(S) and OSU-2S, are just as effective at activating PP2A
complexes iz vitro and in mouse models [20-22]. The
mechanism by which fingolimod activates PP2A is not com-
pletely understood, but is likely through its direct interaction
with PP2A inhibitory proteins, such as the SET onco-
gene [23].

The initial positive results of PP2A activators iz vitro and
mouse models are promising; however, its safety for use
in humans with AML has not been assessed [11]. Given
the extensive experience with fingolimod, a PP2A acti-
vator, in MS and other indications, we aimed to study
whether the safety and toxicity profile of this PP2A
activator will allow their use in treating AML as well as
other haematological malignancies.
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Methods

A systematic review of the published literature in
Medline, EMBASE and the Cochrane Library of critical
reviews was performed. International standards for the
design and reporting of search strategies were followed.
Search terms and medical subject headings used in trials
involving PP2A activators as well as a specific search were
performed for ‘adverse events’, ‘serious adverse events’,
‘delays in treatment’, ¢ side effects’ and ‘toxicity’ for
primary objectives. Database searches were limited to
papers published in the last 12 years, from January 2003
to December 2014, and available in English.

Search strategy

A combination of keywords and subject headings was
used to identify eligible publications. Terms relating to
fingolimod or PP2A activators were combined with
adverse event terms using the ‘AND’ Boolean operator.
Each search strategy was tailored to the specifications of
the individual database. A list of the search terms used is
provided in Table 1.

Inclusion criteria

Publications were eligible for inclusion if the full-text
publication could be accessed and if reported rates of
adverse events were associated with fingolimod-treated
patients. Both qualitative and quantitative studies were
included where appropriate. Review publications were
included if they contained a systematic analysis of
adverse events. Case reports and conference abstracts
were included if relevant information relating to adverse
events could be extracted.

Exclusion criteria

Studies that included only cell culture, animal model or
in-vitro data were excluded. Publications in a language
other than English were not included. Commentaries,
letters to the editor, and protocol publications were
excluded.

Publication analysis

A second reviewer assessed all publications for eligibility,
with publications excluded if the title or the abstract
clearly indicated that the study did not fulfil the inclusion
criteria. The same reviewer then reviewed the abstracts
of the remaining publications. As a measure of quality
assurance, a second reviewer assessed 20% of all pub-
lication titles and abstracts. Any discrepancies were dis-
cussed and resolved. T'wo reviewers assessed all full-text
publications for eligibility independently. Data from all
eligible publications were analysed and extracted by the
tWO reviewers.

Data coding and extraction
A PRISMA four phase approach was used for selection
of eligible publications as shown in Fig. 1 [24]. Only
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Table 1 Search terms used in the systematic review

Search terms

PP2A activator terms  Fingolimod OR PP2A activators OR PP2A activator OR protein phosphatase 2A OR PP2A
Adverse event terms Adverse events OR serious adverse events OR toxicity OR toxicities OR side effects OR cardiac side effects OR cytopaenia OR anaemia OR
anemia OR lymphopaenia OR thrombocytopaenia OR leukopaenia OR leukopenia OR neutropaenia OR neutropenia

PP2A, protein phosphatase 2A.

Fig. 1
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Clinical studies: 30
Review articles: 24

Case reports: 15

PRISMA four-phase flow diagram describing the selection process of the eligible publications.

outcome data relating to medication adverse events in
patients on fingolimod were extracted and analysed. The
information extracted from each publication included
author name, journal, year of publication, country where
the study was carried out, patient age group, sample size,

response rate, study design, disease type, participant sex,
treatment type including the combination of drugs used
with fingolimod, systemic complications, complication
rates, abnormalities in laboratory investigations and
conclusions.



Results

Publication screening

A total of 677 publications were initially identified from
database searches, out of which 637 were screened fol-
lowing the removal of duplicates and those not in English.
Fingolimod was the only PP2A activator reported as being
in clinical use and all articles subsequently screened for
adverse events reported on the use of fingolimod only.
Another 263 publications were excluded on the basis of
title and/or abstract that was not relevant to the analysis.
After screening the full-length article and/or abstract, an
additional 305 articles were excluded on the basis of lack
of inclusion of safety or adverse event data in the
publication.

Characteristics of included studies

A total of 30 clinical studies, 15 case reports and 24 review
articles were analysed. Among the clinical studies, four
large randomized control trials (RCT's) in MS patients
and one study in the postrenal transplant setting pro-
vided the highest-quality evidence as shown in Table 2
[25-29]. A total of 2951 patients from all RCTs were
grouped according to the dose of fingolimod and if there
was concomitant use of another drug with specific details
of side effects, as shown in Table 3.

Any adverse event

Overall, serious adverse events ranged from 10.4 to 51.7%
depending on the dose and use of other concomitant
immunosuppressant medications such as cyclosporine. In
contrast, 13.1% of patients on placebo experienced a
serious adverse event as shown in Table 3.

Infections and related complications

The most common adverse events reported were naso-
pharyngitis and upper respiratory tract infections.
Inflammatory nasopharyngitis was reported as a separate
category in several trials in the range of 23.4-25.3% in
MS, with lower rates of 9.2-11.4% in the renal transplant
trial. A significant proportion of those on placebo (25.9%)
also reported similar symptoms. Lower rates of upper
respiratory tract infections were reported by fingolimod

Table 2 Key clinical trials included in the synthesis
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(13.8-27.1%) compared with those on placebo (38.4%) as
shown in Table 2. Urinary tract infections were also
reported in up to 28.1% of patients in renal transplant
cohorts — it must be noted that these patients received a
full dose of cyclosporine in addition to fingolimod.

Viral infections (apart from influenza) were encountered
in about 2.2-9.2%, with 6.7% reported in the placebo
arms. A successfully treated varicella zoster infection
from the TRANSFORMS study was published as a case
report, whereas two fatalities because of viral infections
including one because of varicella zoster were reported as
part of the main study [27,30]. Influenza-like symptoms
(presumed to be noninfectious and directly related to the
drug) occurred in 9.8% of the patients.

Cardiac side effects

Bradycardia occurred in 1.1-26.4% and hypertension in
7.9-24.7% of the patients. Higher percentages were
observed in patients on cyclosporine and these rates are
significantly higher than those on placebo alone. Case
reports of cardiac toxicity included asystole and sudden
cardiac death [31-33]. Negative chronotropic effects were
also observed in an adolescent population [34]. A case
report of endocarditis was found in a patient with mul-
tiple other medical problems [35].

First dose effects

This was evaluated in an open-label single-arm study of
906 patients where more than 95% of the patients did not
experience an adverse event after their first dose [36].
Bradycardia was observed in 1.3% and heart blocks in up
to 0.2% of the patients. The other cardiovascular events
included palpitations, sinus arrthythmia and premature
beats. In the Kappos 2006 study, it was observed that all
episodes occurred within the first 24 h, with the maximal
reductions in heart rate all occurring within 6 h [37].

Laboratory abnormalities

Fingolimod was associated with lymphopenia in 3.5-7.4%
of patients, with the higher proportion occurring in those
taking 5 mg. Abnormalities in liver function studies were

Year of Follow-up Dosage of
publication (months) Trial type Participants  fingolimod (mg)
Oral fingolimod (FTY720) in multiple sclerosis: 2-year results of a 2009 24 RCT, double blind 281 1.25,5
phase Il extension study [25] Phase Il
A placebo-controlled trial of oral fingolimod in relapsing multiple 2010 24 RCT, double-blind 1272 0.5, 1.25
sclerosis [26] Phase Il (FREEDOMS)
Oral fingolimod or intramuscular interferon for relapsing multiple 2010 12 RCT, double-blind 1292 0.5, 1.25
sclerosis [27] Phase Il
(TRANSFORMS)
Safety and efficacy of fingolimod in patients with relapsing-remitting 2014 24 RCT, double-blinded 1083 0.5, 1.25
multiple sclerosis (FREEDOMS II): a double-blind, randomized, Phase Il (FREEDOMS
placebo-controlled, phase 3 trial [28] 1)
FTY720 versus mycophenolate mofetil in de novo renal 2007 12 RCT, double-blind 271 25,5

transplantation: 6-month results of a double-blind study [29]

Phase Il

RCT, randomized control trial.
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Table 3 Pooled analysis of adverse events from the major clinical trials

Multiple sclerosis trials [n (%)]

Renal transplant [n (%)]

Placebo 0.5 mg Fingolimod 1.25 mg Fingolimod 5 mg Fingolimod 2.5 mg Fingolimod + FDC 5 mg Fingolimod + FDC
N 773 1212 1346 217 89.0 870
Age (mean) 38.5 37.8 378 379 44.6 43.0
Female 76.0 70.0 71.0 67.0 41.6 425
Any serious adverse event 101 (13.1) 126 (10.4) 158 (11.1) 31 (14.3) 35.0 (39.3) 46.0 (52.9)
Infections 255 (71.8) 263 (73.5)% 269 (72.7)° - - -
Nasopharyngitis 200 (25.9) 287 (23.7) 315 (23.4) 55 (25.3) 11.0 (12.4) 8.0 (9.2)
URTI 297 (38.4) 330 (27.2) 338 (25.1) 30 (13.8) - -
Influenza 65 (8.4) 119 (9.8) 110 (8.2) 24 (11.1) - -
Viral/Herpes 52 (6.7) 76 (6.3) 83 (6.2) - 2(2.2) 8(9.2)
Lymphopenia 2 (0.3 43 (3.5) 77 (5.7) 16 (7.4) 0.0 (0.0) 5.0 (5.7)
Hypertension 27 (3.5) 74 (6.1) 106 (7.9) 11 (11.7)¢ 22,0 (24.7) 20.0 (23.0)
Bradycardia 5 (0.6) 13 (1.1) 33 (2.5) 3 (3.2¢ 14.0 (15.7) 23.0 (26.4)
Heart block | or Il 6 (0.8) 6 (0.5) 19 (1.4) 0 (0.0)¢ - -
Macular oedema 2 (0.3) 3(0.8) 7 (0.9° 0 (0.0)¢ 0.0 (0.0) 1.0 (1.1)
Abnormal ALTs 27 (3.5) 124 (10.2) 139 (10.3) 11 (11.7)¢ - -

ALT, alanine transaminase; FDC, full-dose cyclosporin; UTRI, upper respiratory tract infection.

Denominator, as indicated by the symbol, is *358.
b.

370.

°799.

994.

encountered in up to 11.7% (specifically abnormal alanine
transaminase); however, some of the studies using larger
doses did not specifically report on liver function test
abnormalities.

Case reports, observational and registry-based studies
A total of 15 case reports were reviewed. None of these
events reported in these case studies were significant
adverse events in any of the larger studies or RCTs. A
case report of a patient with Wolf—Parkinson—White
syndrome (a cardiac conduction abnormality) and safe use
of fingolimod for a period of 1 year has also been reported
[38]. A registry-based study reported fewer than 10%
cardiac events after the first dose, none of which were
fatal [39]. In another registry-based study, the most
common adverse events noted were headaches and
lymphopaenia [40]. Macular oedema was noted in 0.9%
of the larger studies (‘Table 2), but in 4.7% as a part of a
case series whereas haemorrhagic focal encephalitis was
observed in a single case report [41-43].

Discussion

PP2A is a serine/threonine phosphatase that negatively
regulates a multitude of signal transduction pathways and
plays a key role in proliferation and cell survival [44]. It is
now considered a tumour suppressor [45]. In-vitro studies
in AML have shown that the pharmacological activation
of PP2A with fingolimod subsequently inhibits prolifera-
tion, survival and in-vivo leukaemogenesis, suggesting
that this approach is a potential therapeutic strategy [9].

Fingolimod has been used in treatment and immuno-
suppression in a range of clinical settings, with success in
MS [46]. Given that PP2A activators, such as fingolimod,
have potential as antileukaemia treatment agents, this

review was carried out with the aim of outlining the safety
and toxicity issues that are relevant to AML patients.

This systematic review mainly draws from three RCT
double-blinded studies with fingolimod in MS and one
phase II study in renal transplant patients, which provide
the highest-quality evidence for this review. The data from
the RCT for this analysis are particularly important as
several of the common side effects reported with fingoli-
mod such as fatigue and headache could be fairly non-
specific. The postrenal transplant group of patients is
important to consider as they reflect a more immunosup-
pressed and complex population as several other immu-
nosuppressive drugs including corticosteroids, cyclosporine
and mycophenolate were used in combination with fingo-
limod in the post-transplantation setting [29]. Although the
composite end of biopsy-proven acute rejection is not
relevant to the current analysis, it is important to note that
the profile of infections was comparable across all groups
and was as expected in a transplant setting [29].

The mean age of patients in the MS trials ranged from
37.8 to 44.5 years in the pooled analysis of trials. Over
70% of the patients were women, in keeping with the
epidemiology of the disease. The renal transplant group
was slightly older (the mean age of the cohorts was 44 and
43 years, respectively), with equal proportions of patients
of both sexes. The mean age for myelodysplasia or acute
myeloid leukaemia is significantly higher.

Any serious adverse event was reported in 10.4-52.9%
compared with 13.1% of patients in the placebo group.
Nasopharyngitis and upper respiratory tract infections
(UTRIs) were reported as common clinical adverse
events in many studies and were the most common
adverse events in our pooled analysis. In some studies,
UTRIs are combined with nasopharyngitis; whether the



actiology was proven to be infective is unclear from the
literature. It appears from our analysis that both inflam-
matory nasopharyngitis as well as UTRIs occurred at
similar or lower rates in patients on fingolimod compared
with those on placebo. An extension of the Kappos study
reported a serious infection rate of 0-3% and serious
nasopharyngitis or upper respiratory tract infection in the
range of 1-2% [47]. These rates are markedly lower than
that in our pooled analysis, where the severity or the
nature of infections was not taken into consideration. In
an open-label study, Hoitsma ¢z 4/. [48] reported serious
infection rates of 14.3% in the fingolimod group compared
with 33.3% with mycophenolate when both drugs were
combined with tacrolimus in postrenal transplant patients.
The fingolimod group had 4.1% serious bacterial and
6.1% serious viral infections compared with 22.2 and
11.1%, respectively, in the mycophenolate group [48].
Although fatigue and headaches were reported in a higher
proportion, these symptoms were reported in equally
higher proportions, even in patients on placebo [47].

Any cytotoxic or immunosuppressive drug used in AML
increases the risk of haematological, infective and cardiac
side effects. The myelosuppressive therapy that is currently
used for elderly AML (using a combination of anthracycline
and cytosine) has a 10-15% serious adverse infective risk
rate [49]. A less intensive regimen such as subcutancous
cytosine reduces the toxicity related to myelosuppression
and is a preferable regimen in the elderly, where more toxic
regimens may not be tolerable [50]. The key concern in the
treatment of patients with haematological malignancy is
the risk of infections. With traditional chemotherapy, the
main risk is myelosuppression, which is the basis for neutro-
penic infections [49]. Myelosuppression is not a side effect
with fingolimod [27]. In our pooled analysis, the overall
risk of upper respiratory tract infections ranged from 11 to
13%, where inflammatory nasopharyngitis was excluded,
depending on the dose of fingolimod and combination with
other immunosuppression.

Viral infections (apart from influenza) were encountered in
2.2-9.2% of the patients on fingolimod in this analysis. A
higher proportion of patients was observed in the group who
were on a higher dose of fingolimod and in those con-
comitantly on cyclosporine, a calcineurin inhibitor that also
causes lymphopenia. The impact of lymphopenia on mor-
bidity and mortality in the MDS/AML group of patients is
not clearly established, although severe viral infections could
be fatal in this population [51]. Given the theoretical risk
with pneumocystis or viral infections, any clinical trial with
fingolimod should involve close monitoring for viral infec-
tions. The FREEDOMS study reported a similar incidence
of herpes infections across their treatment and placebo
groups [26]. The TRANSFORMS study specifically reports
on herpes zoster and observed a 2.1% (0.5 mg fingolimod
group) to 5.5% (1.25 mg fingolimod group) rate compared
with a 2.8% rate in the B-interferon group [27]. There is a
case report of a successfully treated varicella zoster, with
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intravenous acyclovir, following the two fatalities reported
from the TRANSFORMS study because of severe viral
infections, including one patient with varicella zoster [27,30].
A recent summary analysis shows a lower rate of varicella
infections in the fingolimod group compared with placebo
and the accompanying expert review suggests that routine
prophylaxis may not be required for most patients with MS
[52]. A consideration for any prospective clinical trial with
fingolimod in haematology patients would be prophylaxis to
prevent herpes zoster. A single-arm exploratory study using
everolimus and fingolimod in combination has been carried
out in the renal transplant population, but did not report
specifically on fingolimod-related toxicity as relevant to this
analysis [53].

Cardiac toxicity is an important consideration, given that
AML is a disease of the elderly, where pre-existing cardiac
disease is common. However, it should be noted that
postrenal transplant patients are likely to be at a higher risk
for vascular complications, given the risks of pre-existing
cardiac disease, hypertension and concomitant cyclosporine
use. The use of anthracyclines, a common chemotherapy
agent used in the treatment of AML, is associated with
significant clinical as well as subclinical cardiac toxicity —
predominantly cardiomyopathy, resulting in systolic and
diastolic dysfunction of the heart [49]. A few small healthy
volunteer studies report on a single-dose effect of fingoli-
mod on heart rate and lymphocyte count [54].

Bradycardia was encountered in 1.1-25.8% and hyperten-
sion in 6.1-22.5% of patients in our analysis of fingolimod.
The proportion of patients with bradycardia or hyperten-
sion was higher among patients in whom cyclosporine was
coadministered. First dose effect (bradycardia) is a well-
recognized side effect and is considered to be because of
the interaction of fingolimod with sphingosine-1-phos-
phate receptors, particularly in the cardiac tissue [54]. A
transient increase in heart rate is directly linked to the
expression of sphingosine-1-phosphate receptors in atrial
myocytes. The evidence for the subsequent transient
decrease in heart rate after the first dose of fingolimod has
also been reported in a pharmacodynamics study of a single
dose in renal transplant patients [55]. The Kappos 2006
study reported that maximal reductions in heart rate
occurred within the first 6 h and all episodes within 24 h,
followed by spontancous resolution [37]. Holter monitor-
ing, at months after starting the 1.25 mg fingolimod dose,
was normal in all patients [37].

The phase IIT RCT that compared B-interferon and fin-
golimod was a crossover study [56]. Patients on this study
switched from interferon B to fingolimod at the end of
12 months of treatment and were continued at two dose
cohorts of 0.5 and 1.25 mg for another 12 months. The
switch-over group also reported a 1% rate of bradycardia
in both dose cohorts as well as a 1% rate of second-degree
atrioventricular block and a complete atrioventricular

block in the 1.25 mg dose cohort [56]. The phase II and



566 Anti-Cancer Drugs 2016, Vol 27 No 6

IIT trials in MS patients have also reported bradycardia,
which occurs within 6 h of the first dose. This is usually
most commonly observed at 4-5h after the dose is
administered and is transient; subsequent complications
include first-degree or second-degree heart blocks. Two
dose levels at 2.5 and 5 mg fingolimod were studied
(administered with cyclosporine) in the postrenal trans-
plant setting (Table 3). The rates of bradycardia as well
as viral infection were higher in the group receiving a
5mg dose (with cyclosporine). This implies that any
combination therapy that is planned with fingolimod
must take into consideration potential cardiac as well as
infective risks. In AML, the concomitant use of anthra-
cycline is more important to consider as cyclosporine or
similar drugs are unlikely to be used.

Sudden cardiac death has been reported in a patient with
MS on fingolimod [31]. The postmortem in this patient
and in another case report with sudden death in MS (not
on fingolimod) indicated demyelination in the medulla
oblongata, indicating autonomic dysfunction because of
progressive MS as the major reason for the cardiac death
[31,33]. Fingolimod has been administered successfully
to a patient with Wolf-Parkinson—-White syndrome, a
cardiac conduction defect that can result in fatal
arrhythmias, under close surveillance with no untoward
effects [38]. It has been observed that autonomic dys-
function as a part of MS may predict cardiac outcomes in
patients on fingolimod [57]. The negative chronotropic
effect has been reported in a patient with no previous
cardiac history, but whose medications included risper-
idone, an antipsychotic drug known to cause cardiac
conduction abnormalities [32]. The combination of fin-
golimod and risperidone is likely to have precipitated the
bradycardia [58]. The significance of screening for drugs
that may potentially prolong QT interval has been out-
lined in the FDA communication [59]. The use of atro-
pine has been described to prevent as well as reverse the
negative chronotropic effect [60].

One common issue in elderly patients, as with the disease
group of AML,, is that concomitant medications can sig-
nificantly alter heart rate and blood pressure. The study by
Kovarik ez al. [54] specifically evaluated this issue and
studied the impact of p-blockers (atenolol) or other anti-
hypertensive drugs (diltiazem) on heart rate and blood
pressure when used in combination with fingolimod. They
observed that the combination of fingolimod with atenolol,
a pB-blocker, with fingolimod resulted in a 15% mean lower
day time heart rate, whereas if combined with diltiazem, a
calcium channel blocker, the mean heart rate was not lower
than that when fingolimod was administered alone. The
blood pressure was stable irrespective of whether fingoli-
mod was combined with atenolol or dialtiazem [54]. The
first dose—effect study had a third of patients with other
significant medical problems and 15% (136/906) on medi-
cations that influenced heart rate and conduction [36]. Very
significantly, they did not find any association with the use

of many medications including B-blockers or antipsychotic
drugs (which can prolong QT interval) to significant first
dose cardiac adverse events from fingolimod [36]. They
observed the need for prolonged monitoring with two
drugs, topiramate and trazodone; however, the authors
could not draw firm conclusions because of small numbers.
Another study that looked at predictors of cardiac side
effects in MS patients and observed that pre-existing
autonomic instability, in patients with MS, is an impor-
tant indicator of heart rate and blood pressure changes [57].
This is unlikely to be a significant issue in most patients
with leukaemia.

The FDA (USA) and European Medicines Agency
(Europe) independently reviewed safety data from clin-
ical trials as well as postmarketing surveillance in 2012
[59,61]. They both recommend screening for cardiac
conditions, assessing concomitant medications and mon-
itoring heart rate for at least 6 h. The FDA also ruled that
the contribution of fingolimod towards the cardiovascular
deaths, as reported in the literature, was unclear [59].

Laboratory abnormalities were reported in some studies;
however, there is heterogeneity in how they were reported
as the abnormalities are an expected pharmacodynamic
effect of the drug. Lymphopenia was not reported as an
adverse event in some studies, unless the value decreased
to less than 0.2x10”/1. Lymphopenia is a common side
effect of fingolimod and this may increase the risk of par-
ticular infections such as pneumocystis or respiratory viru-
ses as discussed earlier. Fingolimod inhibits the re-entry of
lymphocytes from lymph nodes into circulation by inhi-
biting SIP receptors on lymphocytes and hence their ability
to bind to the respective ligand [62]. Data on the recovery
period for lymphopenia after the drug is stopped in healthy
volunteers suggest that peripheral blood reconstitution
occurred within 2—4 weeks of discontinuing the drug [63].
Follow-up of patients in clinical trials indicates that there
was a 24-30% decrease in the lymphocyte count from
baseline [64]. This occurred within about 2 weeks from
starting therapy and was stable on long-term follow-up of
up to 5 years. The kinetics of lymphocytes in the long-term
use of fingolimod suggest that following cessation of the
drug, reconstitution of counts occurred within about
3 months [64]. Infection rate per patient-year was 1.4 with
placebo compared with 1.0 in patients treated with fingo-
limod in the group with the lowest lymphocyte counts
(FREEDOMS study phase 3 core group), suggesting that
lymphopenia per se may not be a major risk factor for
infection [64]. The liver function abnormalities were
mainly noted to be increases in alanine transaminase. This
appeared to return to normal when the drug was stopped
and even in some patients who continued study treatment
[56]. Bilirubin was noted to be stable, with no clinically
significant change in any of the studies [56]. This is
important as an increase in bilirubin may preclude the use
of certain types of chemotherapy such as anthracyclines or
vinca alkaloids.



Rarer side effects such as macular oedema and haemor-
rhagic focal encephalitis have been reported as case
reports [42,43]. However, in a recent publication, macular
oedema was more carefully evaluated and observed only
in about 0.5% of the patients [65]. Fingolimod-associated
macular oedema is now considered to be dose dependent
with a tenfold increased incidence with dose increases
from 0.5 to 5mg [65]. However, in a case series of
patients with MS, who were not on fingolimod, 4.7%
of the patients were noted to have a microcystic pattern
of macular oedema. This related more to disease severity
and occurred more commonly in those with previous
optic neuritis [42]. The coexistence of diabetes-related
macular changes as well as difficulty distinguishing from
primary optic neuritis, were likely confounders in these
studies [65]. Patients with a history of eye problems,
diabetes or uveitis would need to undergo an ophthalmic
assessment before starting fingolimod; the drug would
need to be avoided in those with active macular
oedema [65].

In summary, an oral antileukaemia drug with potential to
reduce the dosage or the intensity of standard che-
motherapy is an attractive therapeutic option in AML.
Fingolimod or other more specific PP2A activators, in
combination with hydroxyurea or subcutaneous cytar-
abine, may be a potential strategy in the elderly, with low
tumour burden AML, or high-risk myelodysplasia. As a
potential drug, fingolimod may need to be used with
caution in those with active infections or pre-existing
cardiac toxicity. A close surveillance monitoring with
ECGs as well as having a low threshold for investigation
and treatment or prophylaxis for viral infections would be
a suggested approach for any phase I trials with fingoli-
mod in patients with acute myeloid leukaemia or high-
risk myelodysplasia. Development of more specific PP2A
activators, such as the nonphosphorylatable analogues
AAL(S) or OSU-2S, may avoid several of the cardiac
and infective complications that are likely to occur with
the broader effects of fingolimod [2]. Given that fingoli-
mod has also shown preclinical efficacy in chronic lym-
phocytic leukaemia and chronic myeloid leukaemia
models, the safety/toxicity profiles outlined here may
also be relevant for treating other leukaemias as an
investigational agent.
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