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During Fingolimod Therapy in Patients With Multiple
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Background and Purpose Fingolimod (FTY) inhibits lymphocyte egress from lymphoid
organs to cause lymphopenia, but the clinical implications of FT'Y-induced lymphopenia are
not fully understood. We aimed to determine the frequency and severity of lymphopenia dur-
ing FTY treatment among Korean patients with multiple sclerosis (MS), and its association
with infections.

Methods We retrospectively reviewed the medical records of patients with MS treated using
FTY from 12 referral centers in South Korea between March 2013 and June 2021. Patients
were classified according to their nadir absolute lymphocyte count (ALC) during treatment:
grade 1, 800-999/uL; grade 2, 500-799/uL; grade 3, 200-499/uL; and grade 4, <200/pL.

Results FTY treatment was administered to 69 patients with a median duration of 18 months
(range=1-169 months), with 11 patients being treated for >7 years. During FTY treatment,
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solute lymphocyte counts (ALCs) of patients with FT'Y are typically decreased due to the
inhibition of the egress of naive and central memory T cells from lymph nodes.' This inhi-
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tion-related adverse effects, including since opportunistic in-
fections such as herpes viruses and cryptococcal infections
have been reported in patients who received FTY in the post-
marketing experience.’

Grade-4 lymphopenia (ALC <200/uL) is important since
it is recommended as a criterion for FTY treatment discon-
tinuation.”® Nevertheless, the information about treatment
safety of patients with sustained grade-4 lymphopenia is in-
adequate since FT'Y was initially discontinued for patients
with repeated low ALC (<100/uL), and later for those with
<200/uL in the phase-3 trials.”” According to the European
Medicines Agency® and information provided on the FTY
packaging,’ interruption of FT'Y treatment until lymphocyte
level recovery is recommended if the lymphocyte count is
confirmed at <200/uL. However, the USA prescription infor-
mation does not include a specific recommendation for drug
modification, discontinuation, or readministration accord-
ing to ALC levels.!”"!

To better understand the risk—benefit profiles of FTY in
the real world, we performed a retrospective cohort analysis
of 69 patients who were prescribed FTY at multiple MS cen-
ters in South Korea. We assessed the frequency and risk fac-
tors of lymphopenia during FTY treatment as well as its as-
sociation with infection and treatment efficacy.

METHODS

Patients and study design

This multicenter, retrospective cohort study included 69 con-
secutive patients with RRMS who received FTY between
March 2013 and June 2021 at 12 centers in South Korea. The
study was approved by the Institutional Review Board of
each center.

Clinical, laboratory, and radiological data from the last
available assessment of each patient prior to initiating FTY
treatment and data from the most recent assessment under
FTY were collected.

Data regarding demographics, pre- and posttreatment an-
nualized relapse rates (ARRs), pre- and posttreatment Ex-
panded Disability Status Scale (EDSS) score," disease-modify-
ing therapy (DMT) before FT'Y, FT'Y dose adjustment history,
varicella zoster (VZ) or herpes zoster (HZ) vaccination his-
tory, and positivity for varicella zoster virus (VZV) immuno-
globulin G (IgG) were collected from the medical records of
the patients. Serial ALCs were also measured at baseline and
during FTY treatment. Lymphocyte counts were assessed
monthly for the first 6 months after FT'Y initiation and then
at 3-month intervals thereafter.

Patient clinical parameters were also recorded, including
1) clinical relapse, as determined by the physician treating the
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patients, 2) radiological evidence of disease activity (at least
one new or enlarging T2-weighted or gadolinium-enhanced
lesion when compared with baseline magnetic resonance im-
aging), and 3) disability progression according to EDSS score.

To assess FTY safety profiles, the infection history, liver
function test (LFT) elevation, cardiac monitoring, malignancy,
macular edema, and dermatological evaluations were record-
ed during treatment. Abnormal LFT was defined as aspartate
aminotransferase (AST) >40 U/L or alanine aminotransfer-
ase (ALT) >40 U/L.

Patients were graded based on the nadir ALC during fol-
low-up and were classified according to the following com-
mon terminology criteria of the National Cancer Institute for
adverse events: grade 1, 800-999/uL; grade 2, 500-799/uL;
grade 3, 200-499/uL; and grade 4, <200/pL."”

Outcomes

The main outcomes of the study were lymphopenia incidence,
lymphocyte-count temporal patterns, and safety profiles, in-
cluding infection incidence rates according to lymphocyte
levels during FTY treatment in patients with RRMS.

Statistical analysis

All statistical analyses were performed using SPSS (version
26.0, IBM Corp., Armonk, NY, USA) or GraphPad Prism
(version 9, GraphPad, La Jolla, CA, USA). Meanztstandard
deviation and 95% confidence interval values were calculat-
ed for each value. Differences in patient characteristics were
defined using Fisher’s exact test and the Mann—-Whitney U
test. Wilcoxon matched-pair tests were used to assess differ-
ences between baseline and follow-up tests. p<0.05 was con-
sidered statistically significant.

RESULTS

Patient characteristics

Table 1 lists the baseline clinical characteristics. The mean
age at FT'Y treatment initiation was 33.1 years (range=19-53
years). The median FTY treatment duration was 18 months
(interquartile range=12-27 months), and 11 patients were
maintained on FTY treatment over 7 years. Prior to FTY ini-
tiation, 50 (72.4%) patients were confirmed as VZV IgG-pos-
itive, and 22 (31.8%) had received VZ vaccination. Overall,
59 (85.5%) patients were either VZV IgG-positive or received
VZ vaccination prior to FTY therapy. HZ vaccine was admin-
istered to 12 patients (17.4%) before FTY treatment.

Lymphopenia
In our cohort, lymphocyte counts were measured an aver-
age of 9.3 times per patient during therapy. All patients dem-



Table 1. Baseline clinical characteristics of 69 patients treated with FTY

woree JCN I

Characteristic All Gr-4 lymphopenia Non-Gr-4 lymphopenia P
(n=69) (n=7) (n=62)

Age, years 36.1£9.8 31.7£10.4 36.619.7 0.287
Onset age, years 26.118 20.715.6 267179 0.066
Sex, female 44 (63.8) 3(429) 41 (66.1) 0.245
Age at initiation of FTY, years 33.14£9.2 29.319.4 33.6£9.2 0.253
Body mass index, kg/m? 237146 232129 23.8%4.7 0.905
Body mass index <18.5 kg/m? 5(7.2) 0(0) 5(8.1) >0.999
Varicella zoster vaccination or VZV lgG-positive 59 (85.5) 6(85.7) 53 (85.5) 1.000
Pretreatment ALC, [uL 1,8261+787.1 1,709.41454.2 1,839.84+819.2 0.639
Pretreatment EDSS score 2 [0-6] 1 [0-4] 2 [0-6] 0.07
Pretreatment ARR 1.2£13 1.1£1.1 12+14 0.564
DMT before FTY, numbers 1.7£09 1.6£0.5 1.7£09 >0.999
Recent DMT before FTY

Interferon-B-la or -lb 25 (36.2) 1(14.3) 24 (38.7) 0.199

Glatiramer acetate 5(7.2) 1(14.3) 4(6.5) 0.424

Dimethyl fumarate 19 (27.5) 2(28.6) 17 (27.4) >0.999

Teriflunomide 15(21.7) 3(429) 12 (19.4) 0.169

Natalizumab 2(2.9) 0(0) 2(3.2) >0.999

Alemtuzumab 2(29) 0(0) 2(3.2) >0.999

Data are mean=®SD, n (%), or median [range] values.

ALC, absolute lymphocyte count; ARR, annualized relapse rate; DMT, disease-modifying therapy; EDSS, Expanded Disability Status Scale; FTY, fingoli-
mod; Gr, grade; IgG, immunoglobulin G; SD, standard deviation; VVZV, varicella zoster virus.

onstrated a decrease in ALC after FTY treatment. A signifi-
cant decrease in mean ALC was observed after the first month
(n=53, 653.0£268.9/uL) (p<0.0001), which was approximately
64% of the pretreatment mean value (n=66, 1,826.0+787.1/uL).
ALC remained stable and low for up to 84 months during the
study (n=10, 723.4+327.2/uL) (Fig. 1).

During the course of FTY treatment, grade-1, grade-2,
grade-3, and grade-4 lymphopenia developed at the nadir
ALCin 4 (5.7%), 16 (23.2%), 41 (59.4%), and 7 (10.1%) pa-
tients, respectively. Only one (1.4%) patient did not have
lymphopenia (ALC >1,000/uL) during 12 months of FT'Y
treatment. The median time to develop the first grade-4 lym-
phopenia was 6 months (range 1-42 months), and 71% of
grade-4 lymphopenias occurred within the first year of treat-
ment. Grade-4 lymphopenia occurred twice in two (2.9%)
patients (at 15 months and 36 months, and 42 months and 81
months, respectively) and only once in the remaining patients.

Fig. 2 illustrates the temporal patterns of ALC over the first
24 months. Baseline ALC did not differ significantly between
patients with and without grade-4 lymphopenia (1,709.4+
454.2/uL vs. 1,839.8+819.2/uL, p=0.639), while mean ALCs
were lower and throughout FTY therapy remained lower in
patients with than without grade-4 lymphopenia.

No significant differences in sex ratio, age at FTY initiation,
body mass index (BMI), and prior DMT were found between
patients with and without grade-4 lymphopenia (Table 1).
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Fig. 1. Absolute lymphocyte counts during fingolimod therapy. Each
box plot shows the median, first and third quartiles, and range. Aster-
isks indicate the significance level in pairwise comparison. ***p<0.0001.
ns, not significant.

In the analysis of treatment responses, 85.5% of patients re-
mained on FTY, 94.2% remained free from relapse, and 79.7%
did not show evidence of MS disease activity for a mean of
32 months. No significant differences were observed between
the two groups in posttreatment ARR, number of patients
with worsening EDSS scores, radiological activity, and evi-
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dence of disease activity (Table 2).

Infection

Infection during FTY treatment was observed in 11 patients
(15.9%) (Table 3). There were no significant differences in the
overall infection incidence rate between patients with and
without grade-4 lymphopenia (p=0.309). Upper respiratory
tract infection was reported in four patients (5.8%). Otitis

—+— Non-Gr-4 lymphopenia
-= Gr-4 lymphopenia

ALC (Jul)

T
0 3 6 9 12 15 18 21 24
Time (months)

Non-Gr-4 1,840 603 605 653 622 692 651 597 554
(n=59) (n=34) (n=38) (n=42) (n=31) (n=31) (n=25) (n=16) (n=10)

Gr-4 1,709 218 261 318 327 340 480 406 380
(n=7) (n=4) (n=4) (n=6) (n=5) (n=3) (n=2) (n=2) (n=3)

Fig. 2. Serial changes in mean absolute lymphocyte count (ALC) dur-
ing follow-up in patients with and without grade (Gr)-4 lymphopenia,
and the comparison between these two groups during 24 months of
fingolimod (FTY) therapy. Patients whose lymphocyte count reduced
below 200/ul at least once during FTY therapy were classified as
grade-4 lymphopenia. There was no significant difference in mean
ALC at baseline, while the mean ALC was lower and remained low
throughout FTY therapy in patients with than without grade-4 lym-
phopenia. *p<0.05; *p<0.01; **p<0.001.

media developed in two patients. Nasopharyngitis, fever of
unknown origin, and urinary tract infection each occurred
in one patient. HZ infection was reported in one (1.4%) pa-
tient with grade-2 lymphopenia at the nadir ALC. This pa-
tient was treated using an antiviral agent and transient FTY
suspension (<1 month). All infection events were successfully
treated without complications and did not lead to FTY inter-
ruption except HZ infection. No progressive multifocal leu-
koencephalopathy or other serious adverse infection, death,
life-threatening event, prolonged hospitalization, or adverse
event requiring intervention was reported.

Other safety profiles

ALT or AST levels that were at three times the upper limit of
the normal range were observed in six patients (8.7%). Mild
elevations of ALT or AST (from >40 U/L to <3 times the up-
per limit of the normal range) were observed in 18 patients
(26.1%). Of the patients with abnormal LFTs, mean ALT and
AST were 113.8 U/L (range 50-284 U/L) and 66 U/L (range
41-110 U/L), respectively. FTY was discontinued in two pa-
tients due to persistently increased LFTs. Mild LFT elevation
continued for a mean of 25 months in three patients. In the
remaining patients, increased LFTs returned to normal after
a mean period of 4.6 months (range 0.5-16 months).

Two cases of electrocardiogram abnormalities, including
bradycardia or prolonged QTc, were observed when the first
dose was administered. Those patients remained stable dur-
ing follow-up.

Ophthalmological monitoring was performed on 53.6% of

Table 2. Comparison of characteristics at last follow-up after FTY treatment between Gr-4 lymphopenia and non-Gr-4 lymphopenia

Characteristic All Gr-4 lymphopenia Non-Gr-4 lymphopenia p
(n=69) (n=7) (n=62)

Duration of FTY treatment, months 323147 28.5129.6 32.71£409 0.921
Posttreatment ALC, [uL 669.41304.7 330%84.7 690.0£263.9 <0.001
Posttreatment EDSS score 2 [0-6.5] 1 [0-3] 2 [0-6.5] 0.077
Patients with worsening EDSS score 9(13) 0(0) 9(14.5) 0.582
Posttreatment ARR 0.04%+0.30 0.06+0.20 0.04%+0.30 0.303
Patients with no radiological activity 56 (81.2) 5(71.4) 51(82.3) 0.609
Patients without clinical relapse 5(94.2) 6(85.7) 59 (95.2) 0355
Patient with NEDA 55 (79.7) 5(71.4) 50 (80.6) 0.624
Patients with cessation of FTY 0(14.5) 1(14.3) 9(14.5) >0.999
Dose

Full dose 49 (71) 4(57.1) 45 (72.6)

Transient EOD 5(7.2) 1(14.3) 4(6.5)

Transient suspension 2(2.9) 0(0) 2(3.2)

Maintained EOD 3(4.3) 1(14.3) 2(3.2)

Interrupting FTY and switching to other DMT 10 (14.5) 1(14.3) 9(14.5)

Data are mean=SD, n (%), or median [range] values.

ALC, absolute lymphocyte count; ARR, annualized relapse rate; DMT, disease-modifying therapy; EDSS, Expanded Disability Status Scale; EOD, every
other day; FTY, fingolimod; Gr, grade; IgG, immunoglobulin G; NEDA, no evidence of disease activity; SD, standard deviation; VZV, varicella zoster virus.
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Table 3. Incidence of adverse events in patients treated with FTY according to nadir ALC

All Non-lymphopenia Gr-1 . Gr-2 . Gr-3 i Gr-4 .
lymphopenia lymphopenia lymphopenia lymphopenia

(n=69) (n=1) (n=4) (n=16) (n=41) (n=7)

Any infection 11 (15.9) 0(0.0) 0(0.0) 5(31.3) 4(9.8) 2(28.6)

Nasopharynaitis 1(1.4) 0(0.0) (0.0 0(0.0) 0(0.0) 1(14.3)

Otitis media 2(29) 0(0.0) 0(0.0) 1(6.3) 0(0.0) 1(14.3)
FUO 1(1.4) 0(0.0) 0(0.0) 0(0.0) 1(2.4) 0(0.0)
URI 4(5.8) 0(0.0) 0(0.0) 2 (12.5) 2 (4.9) 0(0.0)
UTl 1(1.4) 0(0.0) 0(0.0) 1(6.3) 0(0.0) 0(0.0)
Prostatitis 1(1.4) 0(0.0) 0(0.0) 0(0.0) 1(2.4) 0(0.0)
Herpes zoster 1(1.4) 0(0.0) 0(0.0) 1(6.3) 0(0.0) 0(0.0)

Elevated LFT (>3 times ULN) 6(8.7) 0(0.0) 1(25.0) 0(0.0) 4(9.8) 1(14.3)
Skin rash 2(2.9) 0(0.0) 0(0.0) 2 (12.5) 0(0.0) 0(0.0)
Neoplasm (benign) 1(1.4) 0(0.0) 0(0.0) 1(6.3) 0(0.0) 0(0.0)
Bradycardia 2(2.9) 0(0.0) 0(0.0) 1(6.3) 1(2.4) 0(0.0)

Data are n (%) values.

ALC, absolute lymphocyte count; FTY, fingolimod; FUO, fever of unknown origin; LFT, liver function test; ULN, upper limit of normal; URI, upper respi-

ratory tract infection; UTI, urinary tract infection.

the patients in our cohort, and macular edema was not re-
ported. One case of a benign tumor around the parotid gland
and two cases with skin rash were reported. In one of the pa-
tients who developed a skin rash, the FT'Y dose was transient-
ly reduced to every other day (EOD). FTY was discontinued
in the other, and treatment was switched to dimethyl fuma-
rate, but was switched back to FTY using dose titration due to
disease activity. All patients remained stable during follow-up.

Dose adjustment
A full FTY dose was administered to 49 patients (71%), in-
cluding 4 with transient grade-4 lymphopenia.

FTY administration was reduced to EOD in eight patients
(11.5%) due to grade-3 lymphopenia (n=3), grade-4 lympho-
penia (n=2), bradycardia (n=1), neutropenia (n=1), and skin
rash (n=1). Of those, FT'Y remained at EOD in three patients,
while it was escalated to daily dosing in the other five patients
during follow-up. Of the two patients whose dose was reduced
due to grade-4 lymphopenia, one remained on EOD admin-
istration continuously, whereas the other patient with grade-4
lymphopenia on two occasions was managed by reducing
FTY to EOD for 3 months each time and then returned to
daily dosing.

FTY was transiently suspended in 2 (2.9%) patients due to
bradycardia (n=1) and HZ infection (n=1), but was resumed
after 1 month.

FTY was discontinued and treatment was switched to oth-
er DMTs in ten (14.5%) patients due to uncontrolled disease
activity (n=3), LFT elevation (n=2), grade-4 lymphopenia
(n=1), leukopenia (white blood cell count=1,900/uL) (n=1),
skin rash (n=1), and personal request (n=2). One of these pa-

tients whose FTY was discontinued due to grade-4 lympho-
penia was switched to dimethyl fumarate, but then switched
back due to disease activity after 1 year of treatment. Grade-4
lymphopenia did not recur during the following one year
of FTY treatment.

DISCUSSION

In this current study, lymphopenia (grade-1-4) developed in
68 (98.6%) patients after FT'Y treatment. FT'Y led to grade-4
lymphopenia in 10% of patients, which was transient for most
patients and was not significantly related to infection rate, dis-
ease activity, or serious adverse events compared with in pa-
tients with grade-1-3 lymphopenia.

According to early real-world data, 15%-20% of patients
with MS in Western populations develop grade-4 lympho-
penia during FTY therapy.>*'* An early retrospective study
of 41 Japanese patients with MS identified that grade-4 lym-
phopenia had an incidence of 29% after FTY therapy.”
the current study, grade-4 lymphopenia associated with FT'Y
treatment was less common (10%) than in Western and Jap-
anese populations. This finding might be explained by adjust-
ed doses even for some patients with grade-3 lymphopenia,
as this could have contributed to preventing the development
of grade-4 lymphopenia.

According to a study of long-term FTY treatment in pri-
mary progressive MS (INFORMS), the proportion of patients
with ALC progressing to grade-4 lymphopenia did not in-
crease with FTY exposure duration over 4 years of treatment
(2.5%-6.8%)."" We consistently found no significant reduc-
tion in mean ALC levels after several years of treatment, al-
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though only 16% of patients received FTY for over 7 years
(Fig. 1). Even so, further studies with large samples are re-
quired to clarify the changes in ALC levels according to FTY
treatment duration.

Previous Western studies suggested that underweight fe-
males (BMI <18.5 kg/m?) and patients with low baseline lym-
phocyte counts (<1,600/pL) have an increased risk of develop-
ing grade-4 lymphopenia.'* In a Japanese cohort, low baseline
ALC and history of treatment with interferon-3 were suggest-
ed as risk factors for FT'Y-induced lymphopenia.”® However,
none of the known risk factors including baseline ALC, BMI,
and previous treatment history were associated with lym-
phopenia in the current study. There is a recent report of no
significant association between baseline ALC and lympho-
cyte levels during FTY treatment, which was consistent with
the current data.'® However, the inclusion of an insufficient
number of patients with grade-4 lymphopenia might have
resulted in poor statistical power in the current study. Fur-
ther research is therefore required to confirm these findings
and to identify the risk factors for lymphopenia.

This study found no significant difference in treatment re-
sponse according to lymphopenia status. These results are con-
sistent with previous studies finding that the lymphocyte count
in peripheral blood was not associated with the level of clin-
ical response to FT'Y treatment.>> Recent studies suggested
that analyzing lymphocyte subpopulations, such as CD4-pos-
itive T cells'® and the percentage of recent thymic emigrants,"”
provides better predictions of treatment responses.

The overall infection incidence was lower in our study
(15.9%) than in previous clinical trials (51%—53%),” but was
similar to those of real-world studies (10.7%-11.6%).>'® In the
INFORMS study,'" safety data indicated that infection risk
was not significantly higher in the FT'Y treatment group than
in the placebo group over a 5-year follow-up; moreover, there
was no apparent association of the nadir or mean ALC with
infection incidence. A postmarketing study demonstrated that
FTY treatment did not induce higher infection rates than re-
ceiving placebo and that the incidence of serious infection
was low (approximately 2%), suggesting that FTY therapy is
not associated with increased rates of serious infection.” The
current study also found that overall infection rates were not
higher in patients with grade-4 lymphopenia than in those
with lymphopenia of grades."”

Nonetheless, HZ infection was more common in patients
who received FTY at 0.5 mg/day (1.6%-3%) than in those

19,20 an d

who received placebo (1.0%) in clinical trial studies,
the overall HZ incidence rate was 7 per 1,000 patient-years
in a postmarketing study of FTY.* In the current study, HZ
infection was identified in one patient (1.4%). These low in-

fection rates were consistent with those observed previous-

668 J Clin Neurol 2022;18(6):663-670

ly."** HZ infection was not associated with grade-4 lympho-
penia in this study. The INFORMS study found no apparent
association of nadir or mean ALCs with herpes infection,"
implying that the small increase in HZ infection incidence
due to FT'Y might not be associated with low ALC levels. Re-
activation of VZV has been reported, even in patients with a
high VZ IgG titer before FT'Y treatment." In our study, 17.4%
of patients were vaccinated for HZ, since boosting the anti-
VZV adaptive immune responses before FTY treatment may
impact the prevention of HZ infection during FTY treatment.”

In the current study, the ALC levels of four patients who
presented with transient grade-4 lymphopenia were restored
to a grade-3 lymphopenia level with no infection events de-
spite FTY dose being maintained at 0.5 mg/day. Moreover,
there are previous reports of withdrawal of FTY treatment
being a risk factor for disease activity rebound,”* and that
a half dose of FTY increased the relapse risk.”* Considering
these results, confirmation of persistent grade-4 lymphopenia
through frequent monitoring of ALC levels may be a more-
prudent approach than prompt FTY treatment discontinu-
ation if grade-4 lymphopenia occurs.

The prevalence of ALT or AST levels increasing to at least
three times the upper limit of the normal range in the cur-
rent study (8.7%) was similar to those in clinical trials (8%—
8.5%)." Acceptable tolerance was observed in the current
study. The discontinuation rate was quite low in the current
cohort (14.5%) compared with those in previous studies
(10.6%-43.8%),”* and grade-4 lymphopenia was not con-
sidered the main reason for discontinuation.

The current findings should be interpreted in the context
of the potential study limitations. Due to its retrospective de-
sign, not all blood samples were taken at regular intervals. In
addition, the smallness of the sample, particularly the small
number of patients with grade-4 lymphopenia, may have af-
fected the statistical power.

In conclusion, grade-4 lymphopenia occurred in approx-
imately 10% of Korean patients with MS who received FT'Y
treatment. However, grade-4 lymphopenia recovered in most
patients, and no serious infections occurred during follow-up.
The safety profiles of FTY were consistent with the known
risk—benefit profiles as observed in both clinical trials and
real-world patients treated using FTY, regardless of the lym-
phopenia status. Nevertheless, adequate lymphocyte moni-
toring and infection surveillance are necessary to ensure safe-
ty during FT'Y therapy.
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