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Abstract
Background and Objectives
To investigate the longitudinal dynamic of lymphocyte subsets during treatment with ocreli-
zumab (OCR) in patients with multiple sclerosis (PwMS).

Methods
A multicenter retrospective study was conducted in 161 PwMS starting treatment with OCR
grouped in naive (naive, n = 40), switching from fingolimod (FTY, n = 52), and switching from
other immunomodulating drugs (other, n = 69). Mean lymphocyte subset (total, CD3+, CD4+,
CD8+, CD20+, and natural killer) counts were analyzed at baseline, 6 months, and 12 months.
Rate of lymphocytopenia for each subset was calculated at all time points in all groups.

Results
Mean total, CD3+, and CD4+ counts were significantly different among groups (p < 0.001) at all
time points, whereas CD8+ and CD20+ counts only at baseline (p = 0.0157; p < 0.001),
consistently lower in FTY. After adjustment for baseline values, interaction time*group was not
statistically significant (p > 0.05 for each subset). The odds of lymphopenia were significantly
higher among FTY patients compared with naive for total, CD3+, CD4+, and CD20+ cells at
baseline, for total and CD4+ cells at the sixth month, and for total cells at the 12th month.

Discussion
OCR per se exerts a modest depleting effect on T cells that seems rather due to a carryover
phenomenon of previous therapies, particularly FTY. These data may help in the overall
evaluation of the risk/benefit profile of treatment sequencing.
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Ocrelizumab (OCR) is a humanized monoclonal antibody with
anti-CD20+ action, approved for clinical use in patients with re-
lapsing remitting multiple sclerosis (RRMS) and primary pro-
gressivemultiple sclerosis (PPMS).1OCR exerts itsmain effect by
depleting peripheralCD20+B cells; nonetheless, inOCRphase III
studies, depletion of T cells has been also observed,2 representing
a potential additional risk factor for infections. Clinical and de-
mographic factors predicting the development of T lymphocy-
topenia are under investigation. Notably, according to the
approved prescribing indications, patients starting OCR may be
naive to treatment or switching from other drugs due to sub-
optimal response.1 Many drugs used for the treatment of multiple
sclerosis (MS) act by modulating, reducing, or sequestering
T cells. Nonetheless, depletion of T lymphocytes may also occur
as an unwarranted off target side effect of immunomodulating
drugs, as previously described for dimethyl fumarate (DMF) and,
more rarely, for other immunomodulators. Drug-induced lym-
phopeniamay last for a long time after treatment suspension, such
as in the case of fingolimod (FTY) or DMF,3,4 and it may overlap
with the effects of the subsequent disease-modifying treatment
potentially reducing its safety. Albeit poorly explored, this is a
critical issue in the overall estimation of the risk/benefit profile of
treatment sequencing. In this study, we aimed to investigate the
dynamic of T-cell subsets during treatment with OCR in patients
with MS and the role of the previous exposure to oral and in-
jectable disease-modifying treatments (DMTs) as potential
modifiers of this dynamic.

Methods
Study Design
We designed a retrospective multicenter observational study
collecting data of patients with MS starting treatment with OCR
from 2019 to 2020 and followed up in 5 ItalianMS centers (Tor
Vergata University Hospital, Rome; University of Campania
“L.Vanvitelli”, Naples; Fondazione Policlinico Universitario
Agostino Gemelli IRCCS, Rome; IRCCS Istituto Neurologico
Mediterraneo “Neuromed”, Pozzilli (IS); and University of
Genoa, Ospedale Policlinico San Martino IRCCS, Genoa).

Clinical and demographic information was gathered by each
participating center by screening medical records and was
stored in an electronic database after anonymization.

Eligibility of patients for the final analysis was based on the
following criteria:

1. Patients starting OCR treatment and undergoing at least a
second 600mg infusion (the first two 300mg infusions were
considered as 1);

2. Patients starting OCR treatment and having
a lymphocyte subset count 12 months (±45 days) after
the baseline lymphocyte subset count.

Exclusion criteria were also applied:

1. Patients treated with azathioprine, natalizumab, cladri-
bine, alemtuzumab, other chemotherapeutic agents, and
other anti-CD20 drugs immediately before OCR;

2. Patients with other medical conditions or exposure to other
drugs (not includingDMTs) associated with lymphocytosis
or lymphocytopenia.

Eligible patients were further divided into 3 groups according to
treatment received before OCR: naive (no therapy), FTY (pa-
tients treated with FTY for a minimum of 3 months before
startingOCR), and other (patients treatedwithDMF, glatiramer
acetate [GA], interferon beta [IFN], or teriflunomide [TERI]
for a minimum of 3 months before starting OCR).

Standard Protocol Approvals, Registrations,
and Patient Consents
The ethics committee of the Tor Vergata University Hospital
approved the study protocol for retrospective analysis of
medical record–derived MS data (no. of approval 115/2021).
Because of the retrospective study design of data obtained for
clinical practice, written consent of each participant was not
required as determined by the local ethics board.

Demographic, Clinical, and
Laboratory Assessments
The following demographic and clinical information was
recorded: date of birth, sex, disease duration from MS initial
symptom, MS type (relapsing remitting, secondary pro-
gressive, and primary progressive),5 number and type of
DMTs used before OCR, and date of OCR infusions.

Data about lymphocyte subset count (total lymphocytes,
CD3+, CD4+, CD8+, CD20+, and natural killer [NK]) were
collected at baseline, 6 months, and 12 months after starting
OCR. Lymphocytes counts were assessed at each participat-
ing center by flow cytometer assay, as per clinical practice.

Lymphocytopenia was defined as lymphocyte counts lower
than the normal (LLN) laboratory range established for each
participating center’s flow cytometer, considering total CD3+,
CD4+, CD8+, CD20+, and NK cell subsets separately.

Data Availability
Anonymized data will be shared with qualified investigators by
request.

Glossary
DMF = dimethyl fumarate; DMT = disease-modifying treatments; FTY = fingolimod; GA = glatiramer acetate; IFN =
interferon beta; MS = multiple sclerosis; NK = natural killer; OCR = ocrelizumab; RRMS = relapsing remitting multiple
sclerosis; TERI = teriflunomide.
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Statistical Methods
Demographic and clinical characteristics of patients and baseline
cell counts are presented as mean (SD), median (min-max), or N
(%), as appropriate; differences among groups were studied using
the Kruskal-Wallis test or analysis of variance test for continuous
variables and the χ2 test or Fisher exact test for categorical variables.

Proportions of patients with lymphocytopenia were presented
as N (%), and χ2 test or Fisher exact test was used, at each
single time point, to study differences among groups. In ad-
dition, we reported, at each time point, the Kruskal-Wallis test
for differences for continuous cell counts. Multivariable age-
adjusted logistic regression models were used to investigate
the impact of the previous treatment and of the duration of
the previous treatment as well as of the washout period among
those who were previously treated with FTY on the proba-
bility of developing lymphocytopenia. In addition, as sensi-
tivity analysis, we studied the impact of previous treatments
while adjusting also for sex and type of MS.

Analysis of variance test for repeated measures was used to
study the effect of time on cell counts and to study the in-
teraction between time and group, investigating the change
from baseline to adjust for initial measurements.

Results
Demographic and Clinical Characteristics
A total of 161 patients with MS (85 women and 76 men, 60%
RMS) met the inclusion criteria and were thus enrolled in the
study.Mean age was 39 (±11) years. Median follow-up was 363
days (range 316–404 days), and for almost all the patients
(88%), blood samples were available at all the 3 time points.
OCR was used as first line therapy for 40 patients (25% of total
population). Among patients who switched to OCR from
other therapies, 52 were previously treated with FTY and 69
with other treatments (DMF,N = 31/69; GA,N = 15/69; IFN,
N = 13/69; TERI, N = 10/69). The median washout period
from all the previous treatments was slightly over 2 months

Table 1 Baseline Demographic and Clinical Characteristics of the Patients

All
N = 161

Naive
n = 40 (25%)

Other
n = 69 (43%)

FTY
n = 52 (32%) p Value

MS type, N (%) 0.016

PP 45 (28%) 19 (48%) 18 (26%) 8 (15%)

RR 97 (60%) 19 (48%) 42 (61%) 36 (69%)

SP 19 (12%) 2 (5%) 9 (13%) 8 (15%)

Age at baseline, mean (SD), y 39.26 (10.96) 42.25 (12.61) 38.64 (11.63) 37.77 (8.06) 0.191

Disease duration, mean (SD), y 9.39 (8.15) 4.59 (6.13) 9.97 (8.66) 12.31 (7.22) <0.001

Female sex, N (%) 85 (53%) 18 (45%) 32 (46%) 35 (67%) 0.039

Follow-up, median (range), d 363 (316–404) 350 (326–400) 358 (316–404) 374 (320–402) 0.016

Total no. of blood samples, median (range) 3 (2–3) 3 (2–3) 3 (2–3) 3 (2–3) 0.128

Time between infusions, median (range), d 190 (133–267) 183 (160–229) 188 (148–231) 196 (133–267) 0.109

Total at baseline, mean (SD), cells/mm3 1864.37 (872.95)
N = 161

2,305.85 (971.05)
N = 40

1940.95 (854.87)
N = 69

1,423.16 (579.62)
N = 52

<0.001

CD3 at baseline, mean (SD), cells/mm3 1,403.76 (701.88)
N = 160

1742.85 (727.01)
N = 40

1,444.27 (691.88)
N = 68

1,089.96 (556.80)
N = 52

<0.001

CD4 at baseline, mean (SD), cells/mm3 805.71 (425.10)
N = 153

1,048.13 (443.89)
N = 39

860.45 (431.64)
N = 66

533.46 (196.90)
N = 48

<0.001

CD8 at baseline, mean (SD), cells/mm3 461.82 (299.74)
N = 153

557.49 (320.75)
N = 39

439.91 (244.90)
N = 66

414.23 (337.44)
N = 48

0.016

CD20 at baseline, mean (SD), cells/mm3 191.86 (158.23)
N = 155

248.03 (164.41)
N = 39

218.99 (174.78)
N = 68

107.80 (75.72)
N = 48

<0.001

NK at baseline, mean (SD), cells/mm3 284.54 (183.53)
N = 153

311.82 (199.72)
N = 39

299.51 (201.45)
N = 66

241.79 (133.26)
N = 48

0.191

Exposure to previous treatments, median (range), y — — 2.09 (0.41–1) 3.8 (0.7–8.2) —

Washout, median (range), d 68 (0–3,059) 62 (14–1,262) 0.520

Abbreviations: MS = multiple sclerosis; NK = natural killer; PP = primary progressive; RR = relapsing-remitting; SP = secondary progressive.
Among other, 31 patients were previously treated with dimethyl fumarate (DMF), 15 with glatiramer acetate (GA), 13 with interferon beta (IFN), and 10 with
teriflunomide (TERI).
Bold indicates statistically significant different values.
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(Table 1). Themedian exposure durationwas 3.8 (0.7–8.2) years
for FTY and 2.09 (0.41–13) years for others (Table 1), and it was
not significantly different comparing FTY with other treatments.

The 3 groups did not differ for age (p = 0.191); the frequency
of patients with RRMS was significantly lower in the naive
group (p = 0.016), the percentage of females was higher in the
FTY group (p = 0.039), and disease duration greatly differed
among groups (p < 0.001) (Table 1).

Lymphocyte Values at Baseline and Over 12
Months Overall and Among Groups
At baseline, total lymphocytes were on average 1864.37 (±872.95)
cells/mm3, but we observed a significant decrease during the first 6
months, which was maintained at 12 months (0–6 months: p <
0.0001; 0–12 months: p = 0.0020, Figure 1A). Such decrease in
total lymphocytes was predominantly accounted for by depletion
of CD20+ cells, which dropped frommore than 190 cells/mm3 at
baseline to less than 20 cells/mm3 at the both 6th and 12thmonths
(p < 0.0001). Indeed, CD3+ cells were found significantly de-
creased at the sixth month, but returned to baseline values at the
12th month (0–6 months: p = 0.0179; 0–12 months: p = 0.9085;
6–12 months: p = 0.0536, Figure 1B), whereas CD4+ and CD8+

cellswere unchanged at the sixth and the twelfthmonths compared
with baseline (p > 0.05) (Figure 1, C and D). Unexpectedly, NK
cell count significantly decreased from baseline to the 12th month
(p = 0.0083).

Comparing the 3 groups, instead, total, CD3+, and CD4+-

lymphocyte cell counts were significantly different among
groups (p < 0.001) at all the time points (baseline, 6 months,
and 12 months); in particular they were consistently lower in
the FTY group (Table 2 and Figure 2, A–C).

Conversely, CD8+ and CD20+ cell counts were significantly
different among groups only at baseline (p = 0.0157; p <
0.001), with means and medians following this decreasing or-
der: naive, other, and FTY (Table 2 and Figure 2D, Figure 3B).
NK cell counts did not show any statistically significant dif-
ference among groups at all the time points (Table 2).

In the other group, separating patients previously treated with
DMF (N = 31/69) from those treated with other immuno-
modulators, the difference in themean baseline total lymphocyte
count remained significant among groups (p < 0.001); namely,
DMF-treated patients showed lower values compared with naive
and other immunomodulators and higher compared with FTY
(baseline total mean: FTY = 1,423.16, DMF = 1,670.46, other
immunomodulators = 2,161.61, and naive = 2,305.85). Similar
results were found also for CD3+, CD4+, and CD8+ subsets at all
the time points.

After adjustment for baseline values, we did not find any
statistically significant interaction between time and previous
treatment group (Figure 2). Consistently with the principal
analysis, also when we considered DMF-treated patients as an
independent group, we did not find any statistically significant
interaction between time and previous treatment group (p =
0.2801).

Lymphocytopenia Proportion at Baseline and
Over 12 Months Overall and Among Groups
Percentages of patients with lymphocytopenia are shown in
Table 3, overall and by groups.

Lymphocytopenia was found in 39% of the population, 46%
of cases occurred at the sixth month, 26% at the 12th month.

Figure 1 Mean Baseline Lymphocyte Count in the Whole Cohort

Mean count of total (A), CD3+ (B), CD4+ (C), CD8+ (D),
lymphocyte subsets in the whole cohort at baseline (0), 6
months, and 12 months after OCR beginning. OCR =
ocrelizumab.

4 Neurology: Neuroimmunology & Neuroinflammation | Volume 9, Number 3 | May 2022 Neurology.org/NN

http://neurology.org/nn


In line with the expected OCR mechanism of action, in the
whole population the most noticeable change in the rate of
lymphocytopenia was observed for CD20+. Particularly, the
rate of lymphocytopenia increased from 32% at baseline to
96% at 12 months; conversely, it remained almost constant
for the other lymphocytes subsets.

Among groups, instead, the rate of lymphocytopenia signifi-
cantly differed for total, CD4+, and CD20+ cells at baseline,
for total cells and CD4+ at the sixth month, and for total cells
at the 12th month.

Namely, when we found statistically significant differences
among groups, the highest proportion of lymphocytopenia

was always observed in the FTY group, whereas the lowest
among the naive patients. Considering DMF-treated patients
separately from other immunomodulators, these results
remained consistent, with highest rate of lymphocytopenia
observed for DMF and FTY.

Consistently, logistic regression models showed that the odd of
lymphocytopenia was significantly higher among FTY patients
comparedwith the naive ones for total, CD3+, CD4+, andCD20+

cells at baseline, for total and CD4+ cells at the sixth month, and
for total cells at the 12th month (Table 4). Results remained
consistent when we also adjusted for sex and type of MS.

When we studied the role of FTY exposure duration and
washout period among individuals previously treated with
FTY, we did not find any significant increase or decrease in
the risk of lymphocytopenia (data not shown).

Discussion
This study contributes to existing explorations on T-cell
longitudinal dynamic in patients treated with OCR in the
postmarketing setting.

Our results show that in patients with MS exposed to OCR for
12 months, mean T-cell values, including CD3+, CD4+, and
CD8+ cells, are not reduced overall. Nevertheless, when prior
treatment status is taken into account, patients switching from
another disease-modifying treatment, particularly FTY, show
significantly lower CD3+ and CD4+ mean values at all the time
points evaluated.

The reduction of CD4+ cells below the LLN, alias CD4+

lymphocytopenia, was achieved by a larger proportion of
patients pretreated with FTY compared with other treatments
or naive.

Notably, the significantly higher rate of CD4+ lymphocyto-
penia was detectable at 6 months but not at 12 months after
OCR initiation, indicating that CD4+ cells undergo slow re-
covery over time.

Of interest, after adjustment for baseline values, no significant
changes in mean T-cell values were observed during OCR
treatment at all time points and across groups, suggesting that
OCR has a limited role in the reduction of T cells; conversely,
CD20+ B cells were almost completely depleted at 6 and 12
months, confirming the high OCR selectivity of action. Sim-
ilar results were found in a cohort of patients with PPMS
followed up for 6 months.6 In this cohort, OCR induced a
drastic depletion of CD19+ B-cell counts, whereas it did not
affect T-cell numbers, with the exception of CD20+ T cells.

Indeed, several other recent studies have shown that OCR
and the other anti-CD20 monoclonal antibody rituximab may
also deplete CD3+CD20+ T-cell subset7,8 and have indicated

Table 2 Mean Lymphocyte Count for Each Group and
Time Point

All Naive Other FTY p Value KW

Total

Time 0 1864.37 2,305.85 1940.95 1,423.16 <0.001

6 mo 1,598.42 1807.84 1,675.60 1,298.17 <0.001

12 mo 1,684.27 1926.73 1755.59 1,403.13 <0.001

CD3

Time 0 1,403.76 1742.85 1,444.26 1,089.96 <0.001

6 mo 1,302.01 1,479.41 1,390.38 1,013.17 <0.001

12 mo 1,377.48 1,582.45 1,460.46 1,095.00 <0.001

CD4

Time 0 805.70 1,048.13 860.45 533.45 <0.001

6 mo 785.46 963.70 848.70 538.09 <0.001

12 mo 870.73 1,008.2 964.68 631.95 <0.001

CD8

Time 0 461.82 557.48 439.90 414.23 0.0157

6 mo 431.20 478.89 431.45 388.83 0.0526

12 mo 446.95 500.85 451.72 396.51 0.0619

CD20

Time 0 191.86 248.02 218.99 107.80 <0.001

6 mo 17.70 11.64 22.46 15.92 0.2608

12 mo 10.45 9.0 12.28 9.10 0.7815

NK

Time 0 284.54 311.82 299.51 241.79 0.1911

6 mo 228.54 264.86 211.84 220.47 0.1114

12 mo 256.12 281.92 243.82 250.98 0.1503

Abbreviations: KW = Kruskal-Wallis; NK = natural killer.
KW test (group comparison at each time point).
Bold indicates statistically significant different values.
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the action on T cells as possibly related with the efficacy of
these drugs.6,7

However, the CD3+CD20+ T-cell subset accounts for only
about 3–5% of all lymphocytes in human blood8 and 1.6% of
all circulating CD3+ T lymphocytes9; thus, the reduction of
CD3+ T cells observed in our sample is likely not due to the
effect of OCR on this cells subset. In support of this hy-
pothesis, it should be considered that a significant reduction in
mean T-cell values was already detectable at baseline before
OCR initiation, in particular in patients treated with FTY
and DMF.

Moreover, although CD20+ is expressed in both CD4+ and
CD8+ lymphocytes, the ratio of CD4+/CD8+ is shifted

toward a higher proportion of CD20+ T cells coexpressing the
CD8+ antigen. In contrast with that, our study shows that
CD8+ T cells are not significantly depleted during the year of
observation at any time point except for baseline both in the
whole population and across groups.

So, looking at the T-cell dynamic from baseline to 12 months,
we believe that if B-cell depletion is almost exclusively due to
OCR, T-cell depletion should be mainly considered a carry-
over effect of previous therapies, particularly of FTY, although
a minimal impact of OCR on CD3+CD20+ T cells subset
cannot be excluded.

After adjusting for age, in fact, pretreatment with FTY was the
only factor associated with an increased risk of total, CD3+,

Figure 2 Mean Lymphocyte Subset Count During Follow-up in the 3 Groups

Mean count of total (A), CD3+ (B), CD4+ (C), CD8+

(D), lymphocyte subset divided by group (blue
naive, red FTY, and green other) at the each time
point; after adjustment for baseline values, p for
time*group interaction is not significant for all
the subsets. The number of patients for which
the lymphocyte count was available at each time
point is indicated below each panel. OCR =
ocrelizumab.

Figure 3 Mean CD20+ Count at Baseline and During Follow-up in the 3 Groups

Mean count of CD20+ (A) lymphocyte subset in the
whole cohort at baseline (0), 6 months, and 12
months after OCR beginning and divided by group
(blue naive, red FTY, and green other) at each time
point (B). The number of patients for which the
lymphocyte count was available at each time point is
indicated below panel B. OCR = ocrelizumab.
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CD4+, and CD20+ cell lymphopenia at baseline, total and
CD4+ lymphopenia at 6 months, and total lymphopenia at 12
months. In our sample, the median washout period from FTY
was 62 days, which is commonly considered a sufficient in-
terval to restore normal lymphocyte count after treatment
interruption.10 Nevertheless, slower immune reconstitution
after treatment cessation has been previously reported.3,11,12

In the study by Nagy et al.,3 of 58 patients interrupting FTY,
22% were still lymphopenic 1 year after discontinuation and
54% had not reached 80% of the baseline lymphocyte value.
Indeed, because of the lack of large studies, the immuno-
phenotypic profile of patients who have suspended FTY is still
unexplored and needs further clarification. However, it is
known that among lymphocyte subsets, FTY induces a greater

reduction of peripheral CD4+ than CD8+ counts11,13; there-
fore, after treatment withdrawal, a slower return to normal
values of CD4+ with respect to CD8+ may be hypothesized,
which would be in line with our data. Reasons for such pro-
longed effects are unclear and may be related to re-
duced release of lymphocytes from lymph nodes, diminished
production of new T cells,14 or to a synergistic effect with anti-
CD20 therapy.3 Notably, we did not find any association
between the length of FTY treatment and the risk of de-
veloping prolonged lymphopenia after treatment stop.

Similarly, it is uncertain whether this phenomenon is specific
for FTY or may be attributed to MS-related premature
immunosenescence.15,16 Nevertheless, considering patients
treated with DMF separately from other immunomodulators,

Table 3 Rate of Lymphopenia, Absolute Numbers, and
Percentages; p values for χ2 Test (or Fisher Exact)
(Group Comparison at Single Time Point)

Lymphopenia All Naive Other FTY
p Value
χ2/exact

Total

Time 0 42 (26%) 6 (15%) 16 (23%) 20 (38%) 0.030

6 mo 55 (39%) 9 (24%) 24 (38%) 22 (52%) 0.038

12 mo 46 (29%) 6 (15%) 19 (28%) 21 (40%) 0.027

CD3+

Time 0 41 (26%) 5 (13%) 19 (28%) 17 (33%) 0.075

6 mo 42 (30%) 9 (24%) 20 (32%) 13 (31%) 0.715

12 mo 37 (24%) 7 (18%) 19 (28%) 11 (22%) 0.455

CD4+

Time 0 43 (28%) 5 (13%) 15 (23%) 23 (48%) 0.001

6 mo 37 (27%) 5 (14%) 16 (27%) 16 (38%) 0.048

12 mo 33 (21%) 7 (18%) 14 (21%) 12 (24%) 0.725

CD8+

Time 0 30 (20%) 5 (13%) 14 (21%) 11 (23%) 0.454

6 mo 34 (24%) 6 (16%) 17 (28%) 11 (26%) 0.384

12 mo 34 (22%) 6 (15%) 17 (26%) 11 (22%) 0.429

CD20+

Time 0 50 (32%) 7 (18%) 20 (29%) 23 (48%) 0.010

6 mo 132 (93%) 35 (95%) 57 (90%) 40 (95%) 0.583

12 mo 150 (96%) 38 (95%) 64 (94%) 48 (98%) 0.599

NK+

Time 0 12 (8%) 3 (8%) 6 (9%) 3 (6%) 0.928

6 mo 16 (12%) 3 (8%) 8 (14%) 5 (13%) 0.792

12 mo 17 (12%) 3 (8%) 7 (12%) 7 (15%) 0.648

Bold indicates statistically significant different values.

Table 4 Multivariate Age-Adjusted Logistic Regression
Models for Groups

Lymphopenia Time 0 (p Value) 6 mo (p Value) 12 mo (p Value)

Total

Group

Other vs naive 1.60 (0.379) 1.85 (0.185) 2.17 (0.138)

FTY vs naive 3.29 (0.025) 3.34 (0.014) 3.88 (0.011)

CD3+

Group

Other vs naive 3.04 (0.047) 1.60 (0.329) 2.22 (0.123)

FTY vs naive 3.90 (0.018) 1.52 (0.415) 1.76 (0.315)

CD4+

Group

Other vs naive 2.51 (0.115) 2.58 (0.098) 1.45 (0.484)

FTY vs naive 8.70 (<0.001) 4.30 (0.013) 1.82 (0.277)

CD8+

Group

Other vs naive 2.32 (0.153) 2.35 (0.117) 3.06 (0.052)

FTY vs naive 2.77 (0.102) 2.05 (0.214) 2.98 (0.079)

CD20+

Group

Other vs naive 2.14 (0.132) 0.57 (0.504) 0.93 (0.936)

FTY vs naive 4.96 (0.002) 1.18 (0.874) 2.80 (0.409)

NK

Group

Other vs naive 1.36 (0.680) 2.13 (0.304) 1.78 (0.434)

FTY vs naive 0.95 (0.951) 2.00 (0.384) 2.48 (0.228)

Abbreviation: NK = natural killer.
Bold indicates statistically significant different values.
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we observed similar findings at all time points. These results
confirm that a prolonged T cell–depletion can be observed
also in patients treated with DMF.4 Therefore, such potential
effect of DMF should be taken into account in treatment
sequencing.

Of interest, in our study, we have found that 15% of 40 naive
patients were lymphopenic at baseline, before commencing
OCR, suggesting that additional mechanisms other than iatro-
genic may subtend premature immune aging taking place inMS.

Our study has many limitations, mainly consisting in its ret-
rospective observational design. Blood samples were not
available for all the patients at all the time points, and samples
were not analyzed by a central laboratory. Moreover, because
of the limited person-years of observation, it was not possible
to explore the correlation of lymphopenia with malignancies
or infectious complications, but major opportunistic infec-
tions or neoplasms were not reported (data not shown).

In conclusion, our study has shown that T-cell reduction may
be observed during treatment with OCR, particularly in pa-
tients switching from FTY more than other treatments, de-
spite supposedly adequate washout intervals.

Individuals starting OCR pre-exposed to other medications
should be counseled about the potential risk of prolonged
T-cell depletion due to the preconditioning immunologic effect
of previous treatments, determining a double lymphocyte
subset suppression (B and T cells).

Whether this condition is associated with a higher risk of op-
portunistic infections and malignancies is unknown and needs
to be addressed in a larger population with longer follow-up.

A better understanding of the lymphocyte’s dynamic occur-
ring as an effect of specific treatment sequencing is critical for
optimizing both OCR efficacy17 and safety.
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