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Abstract
Background and Objectives
To describe the characteristics of patients with MS reporting cryptococcal meningitis (CM)
while treated with fingolimod.

Methods
The Novartis safety database was searched for cases with CM between January 26, 2006, and
February 28, 2020. The reporting rate of CM was estimated based on the case reports received
and exposure to fingolimod in the postmarketing setting during the relevant period.

Results
A total of 60 case reports of CMwere identified, mostly from the United States. Themedian age
was 48 years, and 51.8% were women. Most of the patients had recovered or were recovering at
the time of final report. A fatal outcome occurred in 13 cases. During the study period, the rate
of CM in patients withMS receiving fingolimod was estimated to be 8 per 100,000 patient-years
(95% CI: 6.0; 10.0). The incidence of CM seemed to increase with duration of treatment;
however, this relationship remains uncertain due to wide CIs and missing data.

Discussion
The causal relationship between fingolimod treatment and CM is not yet fully understood. The
CM mortality rate in fingolimod-treated patients is similar to that reported in HIV-negative
patients. Vigilance for signs and symptoms of CM in patients receiving fingolimod, particularly
the new onset of headaches and altered mental status, is essential. Early diagnosis and treatment
are critical to reducing CM-associated mortality.
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Cryptococcal meningitis (CM) is an opportunistic infection
caused by Cryptococcus sp. that primarily occurs in patients
with advanced immunosuppression. Cryptococcus sp. are
ubiquitously found in the environment, most commonly as-
sociated with eucalyptus trees and bird feces.1,2 The 2 main
species of Cryptococcus that are pathogenic to humans are C
neoformans var. neoformans and C neoformans var. gattii. C
neoformans is responsible for 82% of cryptococcal disease
worldwide and chiefly affects immunosuppressed individuals.
By contrast, Cryptococcus gattii is reported most frequently in
immunocompetent individuals. Although C gatti is most
commonly reported in tropical and subtropical regions, it has
recently emerged as a human pathogen in the Pacific
Northwest of the United States and southern Pacific coastal
region of Canada.

Before the emergence of HIV in the mid-1980s, CM was a
very rare complication seen in patients with advanced cancer
or other serious illnesses/treatments associated with pro-
found immunosuppression.3 Thereafter, HIV became the
main risk factor of CM, which became a fairly common
manifestation of AIDS until highly active antiretroviral ther-
apies were introduced. Over the last 2 decades, CM has slowly
increased above its low background rates in HIV-negative
patients, primarily due to increased use of immunomodula-
tory therapies for a wide range of autoimmune and in-
flammatory conditions and the immunosuppression
accompanying transplantation. Cryptococcal infections aris-
ing from pets and birds have also been reported.4,5 CM is
among the rare opportunistic infections reported in patients
with multiple sclerosis (MS) receiving a variety of disease-
modifying treatments (DMTs), including natalizumab,6,7 di-
methyl fumarate (DMF),8 and fingolimod.9-16

Fingolimod is a sphingosine 1-phosphate (S1P) receptor modu-
lator approved for the treatment of relapsing forms of MS in
patients aged 10 years and older. Fingolimod causes down-
regulation of S1P receptors expressed on the lymphocytes,
thereby preventing the egress of autoreactive lymphocytes from
the lymph nodes and reducing the infiltration of T and
B lymphocytes into the CNS. This results in reduction in the
number of circulating lymphocytes leading to peripheral lym-
phopenia.17 No association was observed between the nadir
in lymphocyte count and the incidence of most common infec-
tions in the clinical trials of fingolimod in patients withMS.18 This
may be attributed to the selective retention of only naive T cells
and centralmemory cells in the lymph nodes and selective sparing
of effector memory T cells by fingolimod.17 On rare occasions,
opportunistic infections, including progressive multifocal leu-
koencephalopathy,19 CM,9-16 and other forms of cryptococcal

infection including skin, lung, and disseminated infections,14,20,21

have been reported with fingolimod in the postmarketing setting.
In this study, we describe the characteristics of CM case reports in
patients with MS treated with fingolimod.

Methods
The Novartis safety database, which captures adverse events
reported to Novartis by health-care professionals (HCPs),
patients, and from a postmarketing surveillance program or
from the literature, was searched for cases with CM using the
following search terms: cryptococcal fungemia, cryptococco-
sis, disseminated cryptococcosis, meningitis cryptococcal, and
neurocryptococcosis (Medical Dictionary for Regulatory
Activities, version 22.1) from January 26, 2006, the inception
of clinical development, to a data lock point of February 28,
2020, a total of 169 months. In cases where adverse event
reports were received from a patient, Novartis followed up
with the patient’s physician if contact information and con-
sent were provided by the patient.

Overall, patient exposure to fingolimod was estimated based
on a combination of patient exposure to fingolimod in clinical
trials and in the postmarketing setting (estimated from the
worldwide sales volume of active substance sold during the
period and the defined daily dose of 0.5 mg). The reporting
rate of CM in patients treated with fingolimod was estimated
using the number of cases with CM and estimated post-
marketing exposure to fingolimod. Patient characteristics,
details of treatment received, and disease outcome were
compiled based on the pharmacovigilance reports received
from consumers and HCPs held in the Novartis safety data-
base, and patient identifiers were not revealed.

The risk of CM in relation to duration of fingolimod treatment
was further analyzed. The fingolimod commercial drug expo-
sure within each year of treatment was calculated from the
average of estimated number of patients at risk at the beginning
and end of each period. To avoid effects of small numbers, the
annual exposure in the periods corresponding to years 6, 7, and
8 and beyond was combined to derive the number of patient-
years of exposure beyond 5 years of exposure. For each period,
the number of cases with CM attributed to fingolimod was
divided by the corresponding exposure to estimate the in-
cidence (hazard) within each period.

Data Availability
Anonymized data can be made available on request for re-
search purposes by sending a request to the corresponding
author.

Glossary
CM = cryptococcal meningitis; DMF = dimethyl fumarate; DMT = disease-modifying treatment; HCP = health-care
professional; S1P = sphingosine 1-phosphate.
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Results
As of February 28, 2020, an estimated 299,600 patients have
been treated with fingolimod, corresponding to 778,900
patient-years of exposure (34,300 patient-years in clinical trials
and 744,600 patient-years in the postmarketing setting). At this
cutoff date, a total of 60 cases with CM were identified in the
Novartis safety database, of which 1 was identified in the long-
term open-label extension study of fingolimod. Of the 60 cases,
56 cases were primarily reported by HCPs. Most of the cases
(N = 26) were reported in the United States and 9 in Europe,
followed by 8 cases each in Australia and Japan (Figure 1). One
of the 26 cases reported in the United States had a travel history
to Cambodia and was later diagnosed with CM. For the
remaining 25 patients, no information was available on travel
history to endemic areas before the diagnosis.

Patient Demographics and
Baseline Characteristics
Owing to the postmarketing nature of the cases, information on
patient demographics and other details was limited. The mean
age based on 52 of 60 cases with known age was 48 years
(range, 22–67 years; median age, 50), and 29 of the 56 patients
with known sex were female individuals. Time-to-onset data
were available in 44 of 60 cases, and in 4 additional cases, an
estimate was provided. Most of the patients (45 of 48) for
whom information about the duration of fingolimod therapy
was provided had an exposure to fingolimod of 2 years ormore.
For the 44 cases with exact data, the mean time to onset was 48
months (range, 12–108 months; median, 44.5 months;
Table 1). Because these cases were from the postmarketing

setting, information on the HIV status was limited. However,
none of the patients were reported to experience HIV. One
patient had an aviary at home with several pet budgerigars.

In 32 of the 60 cases, no information was provided regarding
medical history/concurrent conditions. In the remaining 28
cases where information was available, 9 had medical history/
concurrent conditions and/or concomitant therapy that may
have been contributory: 2 patients experienced diabetes (both
had fatal outcomes, and one of these patients also had con-
current early-stage lung cancer, chronic gastritis, and con-
comitant IV steroids); 5 patients reported concomitant use of
steroids (1 patient also experienced obesity); 1 patient
reported concurrent infection (disseminated Candida krusei
with pneumonia and Acinetobacter urinary tract infection),
and 1 patient experienced immune thrombocytopenic pur-
pura and was treated with steroids.

Clinical Manifestations
The clinical manifestations that heralded CM were provided
in 67% (40 of 60) of the cases (Table 2). The most frequently
reported symptoms were headache, disorientation/confusion,
and fever. Paresis, agitation, vertigo, nystagmus, ataxia, body
aches, memory impairment, decreased appetite, hiccups,
tremors, chills, flu-like symptoms, and hallucinations were
reported in 1 case each.

Lymphocyte Counts
Information on lymphocyte counts at/near the time of CM
diagnosis and the outcome was available in 31 of 60 cases
(Table 3). Owing to the small number of cases with

Figure 1 Geographic Distribution of Cryptococcal Meningitis Cases Reported With Fingolimod Treatment

UAE = United Arab Emirates; UK = United Kingdom; US = the United States.
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information regarding lymphocyte counts, it is not possible to
draw any correlations.

Treatment and Disease Outcome
Information on CM treatment medication was limited and
was provided in 36 cases. In 31 of these 36 cases, the
reported information on CM management seemed to
be consistent with standard treatment (amphotericin,
flucytosine, or fluconazole) for CM, including high-dose
amphotericin-B (4–6 mg/kg/d) in 4 patients and flucytosine
(200 mg/kg/d) in 1 patient. In 5 of the 36 cases, it was stated
that unspecified antifungal treatment was prescribed. Among
them, 58% (21 of the 36) patients recovered/were re-
covering or recovered with sequelae, and 22% (8 of the 36)
had a fatal outcome. In the remaining patients, condition
deteriorated in 1, unchanged in 2, and outcome was not
reported in 4.

In the remaining 24 cases where treatment information was
not provided, 21% (5 of the 24) recovered/recovering, 21%
(5 of the 24) had a fatal outcome, condition was unchanged in
1 case, and in 54% (13 of the 24) cases, the outcome was
unknown. None of the patients were reported to have de-
veloped immune reconstitution inflammatory syndrome.

Mortality
A fatal outcome was reported in 13 cases. Patient age was
provided in 11 of these 13 cases, with a mean age of 54 years
(range, 33–67 years), which is slightly older than the patients
without fatal outcome (mean age, 47 years; range, 22–65
years; age was provided in 40 of 47 cases). These 13 cases
included those with (1) poor documentation (n = 2), (2)
confounding factors such as use of steroids, candida infection,
and concurrent condition of diabetes (n = 6), (3) a history of
CM 4 years before fingolimod initiation (n = 1), (4) other
illnesses not related to CM (n = 1), (5) fingolimod discon-
tinuation 7 months before onset of CM (n = 1), (6) non-
compliance to fingolimod treatment (n = 1), and (7)
experience of multifocal cerebral infactions reported to be
secondary to meningitis.

Risk Analysis
As of February 28, 2020, the postmarketing exposure to fin-
golimod exceeded 744,600 patient-years. The estimated
reporting rate of CM with fingolimod treatment based on 60
cases was 8 per 100,000 patient-years (95% CI: 6.0; 10.0).
The risk of CM in relation to duration of fingolimod treat-
ment was analyzed using 75% of the cases for which data on
time to onset was available. Although the risk seemed higher

Table 1 Demographics and Overview of Cases

Characteristics
No. of cases (N = 60)
Data available from

Age, mean (range), y 48 (22–67) 52 patients (87%)

Female, n 29 56 patients (93%)

Duration of MS since diagnosis, mean
(range), y

13 (3–33) 26 patients (43%)

Previous MS therapy, n (%)

No previous MS therapy 2 28 patients (47%)

Prednisolone pulse therapy 1

Polymedicated (not specified) 1

Other DMT 24

Fingolimod treatment duration, mean
(range) time to onset, mo

48 (12–108) 44 patients (73%)

Lymphocyte count at the time of
diagnosis,/μL

<200 8 31 patients (52%)

200 to <500 17

500 to <800 4

Normal 2

Culture positive 19 patients showed positive
results for C neoformansa

37 patients (62%) were reported to show positive results for CSF test; 17 of
these 37 (28%) included culture results.
2 additional cases, without CSF test results, reported positive results for
serum test

Abbreviation: DMT = disease-modifying therapy.
a No cases of C gattii were reported.
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with treatment duration (Figure 2), no definitive conclusion
was made because of the large proportion of missing data, low
case numbers, and wide 95% CIs.

Discussion
In this study, we reported cases of CM in patients with MS
receiving fingolimod treatment. As of February 28, 2020, a
total of 60 cases were collected in the postmarketing setting
with a reporting rate of 8 per 100,000 patient-years. The
relationship between risk of CM and the duration of fingoli-
mod treatment was investigated, but the large proportion of
missing data, low case numbers, and wide 95% CIs prevented
any definitive conclusions to be drawn on the risk of CM with
fingolimod.

The clinical manifestations of CM can be quite subtle, and
often, the diagnosis is not considered at the time of initial
presentation. Among the cases collected for this study, the
most common clinical features that heralded CM were
headache (reported in 68% of patients), followed by disori-
entation, confusion, and altered mental status (reported in
40% of patients). There was limited information available
regarding treatment. At the time of final report, however,
most of the patients had recovered or were recovering.

Data on CM-associated mortality in patients with MS are
scarce to compare the mortality rates in patients with CM on
fingolimod. Based on the available data from HIV-associated
cases with CM, 1-year mortality rates were high in patients

who were not under care vs those who were receiving treat-
ment. A 100% 1-year mortality rate was observed in patients
from low-income countries who were not under care and 70%
in patients who were under care. For middle-income coun-
tries, the 1-year mortality rates were presumed to be 40% and
60% in patients receiving conventional treatment and in those
who were not under care, respectively. Similarly, in high-
income countries such as Europe and North America, higher
mortality rates were observed in patients who were not under
care vs those who were under care (Europe: 45% vs 30%;
North America: 30% vs 20%).22 Over the years, the mortality
in cases with CM not associated with HIV ranged from 9% to
35% in various studies.23-26 A major reason for the high
mortality associated with CM in all settings is initial failure to
recognize the infection. Delays in the diagnosis and treatment
of CM are associated with poor outcomes, especially in HIV-
negative and nontransplant patients.27 In this study, 26 of the
43 cases with a known outcome had recovered or were re-
covering, and 13 of the 60 cases had a fatal outcome at the
time of final report (28.2%). The mortality rate observed in
our cases is consistent with that reported in CM in HIV-
negative patients.26,27

The exact relationship between the mechanism of action of
fingolimod andCM infections is not known. Fingolimod exerts
its therapeutic effect by down-modulating the S1P1 receptors
on T and B lymphocytes and preventing their egress from the
lymphoid organs. This in turn prevents the autoimmune lym-
phocytes from attacking the CNS. In the FREEDOMS trial,
18% of patients who were receiving fingolimod treatment
reached a nadir of <200 cells/μL.28 Despite such redistribution
of the lymphocytes, no increase in the incidence of infections
was observed with fingolimod treatment in the clinical trials.18

However, an increased risk of common infections such as
herpes viral infections has been observed in the postmarketing
setting.29 Similar to pivotal trial data, in this report, 8 of the 31
patients with available lymphocyte data reported lymphocyte
counts <200 cells/μL and 17 patients reported a count of
200–500 cells/μL. Association between lymphocytes count and

Table 2 Clinical Manifestations Reported in Patients With
Cryptococcal Meningitis

Symptom
Data available from
40 cases, n (%)

Headache 27 (68)

Disorientation, confusion, and altered mental
status

16 (40)

Fever 14 (35%)

Nausea/vomiting 11 (28%)

Somnolence, malaise, fatigue, and lethargy 10 (25%)

Neck pain and nuchal rigidity 9 (23%)

Gait disturbance 5 (13%)

Aphasia, dysarthria, and slurred speech 5 (13%)

Syncope, loss of consciousness, and coma 3 (8%)

Diplopia and blurred vision 3 (8%)

Seizure 3 (8%)

Photophobia 3 (8%)

Dizziness 2 (5%)

Muscular weakness 2 (5%)

Table 3 Lymphocyte Count At/Near the TimeofDiagnosis

Lymphocytes,
cells/μL

No. of
cases Outcome

<200 8 • Recovered/recovering/recovered with
sequelae – 3/6 (50%)

• Unchanged –1/6 (17%)
• Fatal –2/6 (33%)
• Unknown - 2

200 to <500 17 • Recovered/recovering/recovered with
sequelae – 8/15 (53%)

• Unchanged – 2/15 (13%)
• Deteriorated – 1/15 (7%)
• Fatal – 4/15 (27%)
• Unknown - 2

500 to <800 4 • Recovered/recovering – 2/4 (50%)
• Fatal – 2/4 (50%)

Normal 2 • Recovered/recovering – 2/2 (100%)
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risk of CM infections cannot be further elucidated because of
low case numbers and missing data. Recent preclinical research
suggests that fingolimod could reactivate cryptococcosis from
granulomas through S1PR3-dependent mechanisms, resulting
in disorganization of macrophages and M2 polarization; how-
ever, this is likely not the only mechanism given siponimod’s
low affinity for the S1P3 receptor and association with CM.30,31

To the best of our knowledge, CM cases have been reported
only rarely with other DMTs used in patients with MS, such as
natalizumab6,7 and DMF.8 Two published case reports of CM
with natalizumab were identified, and in both cases, patients
were older than 45 years and had been receiving natalizumab
infusions for approximately 2 years. Both patients had no history
of an impaired immune system. CM was reported in a 46-year-
old non-HIV patient who received DMF for 33 months. One
confirmed case of CMwas also reported with sipoimod, another
S1Pmodulator approved for treatment of secondary progressive
MS with active disease. This case occurred in an open-label
extension part of a phase 3 trial and involved a 62-year-old
woman with no other significant medical history who was
treated with siponimod for 30 months31 Rare, nonmeningitic
cryptococcal infections, including cutaneous, pulmonary, and
disseminated, have also been reported in patients with MS re-
ceiving fingolimod in the postmarketing setting14,20,21 and other
opportunistic infections, including progressive multifocal leu-
koencephalopathy, herpes, and varicella.

This report is inherently limited by the quality of the data
typically available from spontaneous reports in the post-
marketing setting. Cases reported in this study included
spontaneous, voluntary reports, patient-only reported events
not confirmed by HCPs, and cases found in the scientific
literature. The risk estimates were based on the number of
cases with CM reported in the Novartis pharmacovigilance
database. The patient exposure data used for estimating the
risk were derived from sales data. Moreover, this report is
limited to cases of CM and not all cryptococcal infections.

Cryptococcus can present with rash, and those cases were not
included in this analysis.

CM is usually not considered in the initial differential di-
agnosis for patients with MS presenting with nonspecific
neurologic complaints, and this omission can result in a se-
rious delay in diagnosis. A higher index of suspicion is needed
in the evaluation of patients treated with fingolimod who
present with symptoms, even very subtle symptoms, sugges-
tive of meningitis. Particularly concerning symptoms are new-
onset headaches, altered mental status, and fever. Prompt
diagnostic evaluation, including lumbar puncture, is man-
dated.28 Novartis implemented measures to minimize the risk
of opportunistic infections including CM in patients taking
fingolimod, such as information in the product label and other
educational endeavors (educational materials and webinars)
that promote greater awareness, earlier detection, diagnosis,
and prompt treatment.

Study Funding
The study was funded by Novartis Pharma AG, Basel
Switzerland.

Disclosure
M. Del Poeta is a cofounder and Chief Scientific Officer
(CSO) of MicroRid Technologies, Inc. B.J. Ward serves on a
scientific advisory board for Novartis and reports personal
fees from Novartis for this activity. He is also a medical officer
for Medicago Inc and holds parts of patents for vaccines
targeting influenza, Clostridioides difficile, and Schistosoma
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B. Greenberg has received consulting fees from Alexion,
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Figure 2 Incidence of CM per 1,000 Patients by Year of Treatment

CM = Cryptococcal meningitis.
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