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Changes in John Cunningham Virus Index in Multiple Sclerosis Patients
Treated with Different Disease-Modifying Therapies
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Abstract: Background: Progressive Multifocal Leukoencephalopathy (PML) is an opportunistic
infection caused by John Cunningham virus (JCV) reactivation, potentially associated with natali-
zumab (NTZ) treatment for Multiple Sclerosis (MS). The anti-JCV antibodies titre (JCV index) in-
creases during NTZ treatment; however, the effects of other disease-modifying therapies (DMTs) on
the JCV index have not been fully explored.

Objective: The aim of the study was to evaluate changes in the JCV index during treatment with
several DMTs.

Methods: This longitudinal study evaluated the JCV index before starting DMT (T0) and during
treatment with DMT (T1).

Results: A total of 260 participants (65.4 % females, mean age 43 + 11.3 ) were enrolled: 68 (26.2
%) treated with fingolimod (FTY), 65 (25 %) rituximab or ocrelizumab (RTX/OCR), 37 (14.2 %)
dimethyl-fumarate (DMF), 29 (11.2 %) cladribine (CLD), 23 (8.8 %) teriflunomide (TFM), 20 (7.7
%) interferon or glatiramer acetate (IFN/GA), and 18 (6.9 %) alemtuzumab (ALM). At T1, the per-
centage of patients with JCV index <0.90 was found to be significantly increased in the ALM group
bor: (16.7 % versus 66.7 %, p = 0.05), while the percentage of patients with JCV index >1.51 was found
10217415 7013X 96662 11111123202 to be significantly reduced in the RTX/OCR group (51.6 % versus 37.5 %, p = 0.04). In the FTY
@ CrossMark group, a significant reduction in the percentage of patients with JCV index <0.90 was also found
(23.5 % versus 1.4 %, p = 0.0006). The mean JCV index was reduced in the RTX/OCR and ALM

groups, while a significant increase was observed in the FTY group.
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Conclusion: DMTs with a T and/or B depleting mechanism of action induced a significant reduc-
tion in the JCV index. These results may suggest new possible sequencing strategies potentially
maximizing disease control while reducing the PML risk.
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risk, treatment strategy.

1. INTRODUCTION adverse events, especially related to the long-term effects of

. . . hronic i th the i tem [2].
Treatment options for multiple sclerosis (MS) have chronic immune therapy on the immune system [2]

changed over the last two decades, ranging between catego- One of the most fearsome viral complications associated

ries of drugs with a heterogeneous mechanism of action, in
particular B or T depleting profile [1].

However, with the development of highly effective ther-
apeutic options for MS, several safety issues have been en-
countered. As a consequence, the MS management has re-
quired comprehensive knowledge of each treatment’s mech-
anism of action and of the increasingly complex array of
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with the reduced immune surveillance of the tissues is the
Progressive Multifocal Leukoencephalopathy (PML), an
opportunistic infection caused by John Cunningham virus
(JCV) reactivation [3, 4], which has a severe impact on pa-
tients’ disability course, functional outcome, and quality of
life [5].

PML is a life-threatening disease caused by a failure of
the immune system to control a brain infection with JCV, a
polyomavirus, exclusively found in humans [3]. The clinical
manifestations of PML are related to the location and extent
of damage in the CNS. Common symptoms are progressive
weakness, impaired visual acuity, alteration of speech, and
psychiatric disorders that can rapidly progress within days
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[6]. The diagnosis of PML is based on clinical findings, evi-
dence of typical lesions of the white matter at the magnetic
resonance imaging (MRI), and the detection of JCV-DNA in
cerebrospinal fluid (CSF) via polymerase chain reaction
(PCR) or histological examination of brain biopsies [6, 7].
The prognosis, in the majority of cases, remains poor, with a
mortality rate of 30-50 % in the first few months [8].

In immunocompetent people, after primary infection,
JCV reaches the kidneys, persistently replicates, and is se-
creted by the urine [9]. In these patients, the disease course is
typically asymptomatic and the JCV is rarely detected in the
bloodstream. On the contrary, symptomatic JCV infections
are associated with a compromised adaptive immune system.
Indeed, especially in the past, PML mainly occurred in pa-
tients with hematological malignancies and HIV infection
[6]. More recently, PML has been associated with the use of
immunosuppressive or immunomodulating drugs [5]. Cur-
rently, PML secondary to treatment with natalizumab (NTZ)
accounts for the majority of all the cases of MS patients. To
date, a few cases have also been observed with dimethyl-
fumarate (DMF) and fingolimod (FTY) [5]. Moreover, PML
is listed as a potential side effect also in patients suffering
from diseases other than MS and treated with rituximab
(RTX) with an adjusted odds ratio of 3.22 [10, 11], while 10
confirmed cases (9 of the patients previously treated with
NTZ or FTY) have been reported in patients using OCR [12,
13]. No cases of PML attributable to teriflunomide (TFM) or
cladribine (CLD) have been described yet, and a single case
has been reported during alemtuzumab (ALM) therapy after
switching from NTZ [14-16].

The pathogenesis of PML is far from being fully under-
stood. CD4+ and CD8+ cytotoxic T-cell recognition of viral
antigens may probably play an important role in limiting the
spreadiof JCV infection and is directly related to the progno-
sis of PML [17]. Particularly, B cells represent latent sites of
JCV, playing a significant role in viral transmission, replica-
tion and coordination of the expression of transcription fac-
tors [5, 18]. Furthermore, B lymphocytes induce T-cell re-
sponses through cytokine production, contributing to JCV
control. Brain-resident memory T cells also seem to be in-
volved, relying on help from the peripheral re-circulating
CD4+ T cells [5, 19].

PML risk in MS patients is also typically associated with
the previous use of immunosuppressant drugs (IM) and the
presence of a high titre of anti-JCV antibody (JCV index)
[20-23]. It has been demonstrated that the high JCV index
reflects a high risk for PML, as it is associated with a large
viral reservoir, which in turn may increase the risk for viral
reactivation [24].

Therefore, the determination of antibodies against JCV is
considered an important tool for risk stratification and an
algorithm based on the JCV index is usually applied as a
screening tool prior to start MS therapy and during treatment
in MS patients [22].

In our previous study, NTZ treatment increased the JCV
index and its suspension seemed not to be able to interfere in
the JCV status for a long time period [25]. Moreover, ac-
cording to our data, FTY used as an exit strategy after NTZ
suspension was able to cause a progressive increase in the
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JCV index. However, no sufficient data regarding JCV status
modification during other disease-modifying therapies
(DMTs) are currently available and the effects of approved
DMTs on JCV status have not been fully explored yet.

The aim of our study was to evaluate JCV status modifi-
cation during treatment with currently used DMTs in order to
identify possible alternative therapeutic strategies to mini-
mize the risk of PML in MS patients.

2. MATERIALS AND METHODS
2.1. Study Population

This longitudinal observational study screened all MS pa-
tients treated with several DMTs and followed at the MS
Centre of Catania University Hospital in the period between
January 2010 and February 2021. Data regarding patients
were obtained retrospectively from the database iMED®, a
computerized medical record collecting demographic, clini-
cal and laboratory data.

This study protocol was approved by the local Ethical
Committee of the University of Catania (Catania 1). Each
patient participating in the study signed an informed consent
specifically designed for the study.

Patients with a diagnosis of MS according to the Mc
Donald criteria 2017 [26] and treated for at least six months
with interferons or glatiramer acetate (IFN/GA), RTX or
OCR, DMF, TFN, ALM, CLD or FTY were included in the
study. We excluded patients with a diagnosis of clinically
isolated syndrome, radiologically isolated syndrome or neu-
romyelitis optica, and treated with steroids within 3 months
before the JCV status evaluation.

In order to evaluate anti-JCV antibodies status (JCV in-
dex) changes during the follow-up, the JCV status was eval-
uated at baseline before treatment (T0) and after at least 12
months of treatment (T1).

At each time point, patients were divided into two sub-
groups based on their JCV status: negative JCV index (<0.90)
and positive JCV index, with a JCV value between 0.91 and
1.50 (low positive) or > 1.51 (high positive), respectively.
Blood samples were collected by peripheral venous puncture.
JCV index was determined only through a qualitative result
(positive or negative) for patients screened before 2011
(STRATIFY JCV Dx Select) and by a two-step enzyme-
linked immunosorbent assay (STRATIFY II) for patients
screened after 2011 [21, 27]. The analysis was centrally per-
formed at Unilabs® in Copenhagen, Denmark. The STRATI-
FY test uses virus-like particles (VLPs) that consist of the VP1
capsid protein of the MAD-1 JCV reference strain (genotype
1) to capture antibodies. The STRATIFY test provides the
level of antibodies as an index value and not as a titre. The
antibody index is the ratio between the signal derived from
antibodies in the serum and the signal from a JCV antibody-
positive calibrator sample used in the assay [28]. Qualitative
(negative/positive) and, for anti-JCV antibody positive pa-
tients, semi-quantitative results were obtained. An index value
of less than 0.90 was considered as negative and equal to or
greater than 0.91 as positive. Seroconversion was defined as
changing the status of serum JCV antibody.
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Table 1. Demographic and clinical characteristics of the whole cohort of patients.
Drug FTY RTX/OCRE DMF CLD TFM IFN/GA ALM ANOVA Test after Bonfer-
N (%) 68 (26.2) 65 (25) 37(14.2) | 29(11.2) 23 (8.8) 20 (7.7) 18 (6.9) roni Correction p-Value
Age (mean + 38.8+ CLD vs FTY =0.03
69, 812 611, 9+9. T+11. 2+
SD) 44.6+9.8 44.8+12.5 44.6+11.7 36.9+9.6 447+ 11.1 39.2+11 10 CLD vs RTX/OCRE = 0.03
T e
%) (63.2) (60) (64.9) (82.7) (60.9) (75) (61.1) CLD vs ALM = 0.03
CLD vs FTY =0.04
Disease dura- 153+ FTY vs IFN/GA = 0.001
tion* (mean + 17.9+7.8 10£7.6 10.1£7.6 93+£6.2 12.1+£8.4 7.9+6.7 5' 9 FTY vs CLD=0.01
SD) ’ FTY vs RTX/OCRE = 0.02
Patients with 5(27.8 FTY vs CLD =0.01
previous 21(309%) | 10(15.6%) | 5(13.5%) | 4(13.8%) | 5(21.7%) 0 (y)‘ FTY vs DMF = 0.01
use of IM (%) ° FTY vs RTX/OCRE = 0.03
Patients with TFM vs ALM = 0.001
previous . ) . 10 (34.5 . 13 (722 TFM vs FTY = 0.01
use of NTZ 41 (60.3 %) 19(29.2 %) 7 (18.9 %) %) 2 (8.7 %) 0 %) TFM vs CLD = 0.02
(%) TFM vs RTX/OCRE = 0.03
EDSS at TO 35+ IFN/CA vs RTX/OCRE =
+ + + + + +
(mean + SD) 33+2.1 40+2.1 3.0+1.9 27+£1.7 25+2.1 20+1.4 18 0.001
EDSSat TI 37+24 38425 32422 | 26+19 | 3.1+£26 | 22+17 34+ n.s.
(mean £ SD) 2.1
FTY vs CLD =0.001
FTY vs RTX/OCRE = 0.001
fankE
DI(VIT d“rfg‘]’;l) 48.6£23.6 | 259+150 | 3694213 | 187+74 | 223+9.5 | 288+ 13.4 41347; FTY vs IFN/GA = 0.001
mmean ' FTY vs TEM = 0.03
DMF vs CLD = 0.001
ALM vs CLD = 0.0001
Time between 301+ ALM vs TFM = 0.0001
TO-T1 26.2+£16.5 21.8+£14.0 25.7+15.7 153+73 17.9+£9.1 26 +13.7 1&7 FTY vs CLD = 0.001
(mean + SD)** ' FTY vs TFM = 0.001
IFN/GA vs CLD = 0.01

Note: *in years
**in months

Abbreviations: DMT: disease-modifying therapy; FTY; fingolimod; RTX/OCRE: rituximab or ocrelizumab; DMF: dimethyl-fumarate; CLD: cladribine; TFM: teriflunomide;
IFN/GA: interferons or glatiramer acetate; ALM: alemtuzumab; IM: immunosuppressant drugs; EDSS: Expanded disability status scale; SD: standard deviation; n.s.: not significant.

In order to simplify the categorization of DMTs, we de-
cided to include in the same group patients treated with RTX
and OCR because of the similar mechanism of action.

2.2. Statistical Analysis

Statistical analysis was performed using Stata 16.0 soft-
ware (StataCorp LP, College Station, US). In descriptive
analyses, continuous variables were summarized as mean
and standard deviation (SD) or median and interquartile
range (IQR), while categorical variables were expressed as
percentages. Nonparametric statistics were used if the distri-
bution of data deviated from normality. Shapiro-Wilk test
was used for the assessment of normal distribution. To calcu-
late mean differences, a series of ANOVAs were performed
for the JCV values. Post-hoc analyses were performed with
Bonferroni corrections for p-values. To calculate median
differences, a series of Kruskal-Wallis-tests were performed
for the EDSS score variable. Post-hoc analyses (Mann-
Whitney U-tests) were performed with Bonferroni correc-
tions for p-values. The association between two quantitative

variables was evaluated through Pearson correlation coeffi-
cient or Spearman correlation coefficient (depending on the
data distribution). A two-sided p-value of <.05 was consid-
ered as statistically significant.

3. RESULTS

Out of 319 patients screened, 260 met inclusion criteria
and were finally enrolled. The mean age was 43 = 11.3
years, and 170 (65.4 %) were females.

A total of 68 (26.2 %) patients were treated with FTY, 65
(25 %) RTX/OCR, 37 (14.2 %) DMF, 29 (11.2 %) CLD, 23
(8.8 %) TFM, 20 (7.7 %) IFN/GA, and 18 (6.9 %) ALM.
Overall, the mean duration of treatment was 24.7 £ 7.2
months (median 22.3, range 6.4-33.6). The JCV index re-
evaluation was performed after 23.3 £ 13.4 months (median
24, range 3-33). Demographic and clinical characteristics are
summarized in (Table 1).

Data regarding the seroprevalence of anti-JCV antibodies
at baseline for each DMT are illustrated in (Fig. 1).
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Fig. (1). Seroprevalence of positive JCV status at TO for each DMT. Abbreviations: FTY; fingolimod; RTX/OCRE: rituximab or ocreli-
zumab; DMF: dimethyl-fumarate; CLD: cladribine; TFM: teriflunomide; IFN/GA: interferons or glatiramer acetate; ALM: alemtuzumab;
DMT: disease-modifying therapy; JCV: John-Cunningham virus. (4 higher resolution/colour version of this figure is available in the elec-
tronic copy of the article).

Table 2. Percentage of patients with negative and positive status at TO and at T1.

DMT TO T1
N (%) JCV Index value N (%) N (%) p-Value
209 16 (23.5) 1(1.4) 0.0006
FTY
68 (26.2) >091<15 8(11.8) 8(11.8) 1.0
>1.51 44 (64.7) 59 (86.7) 0.3
209 24 (37.5) 39 (47.7) 0.1
RTX/OCRE
65 (25) >091<15 7(10.9) 10 (15.6) 0.5
>1.51 33(51.6) 16 (37.5) 0.04
209 12 (32.4) 11 (29.7) 0.9
DMF
37(14.2) >091<15 8(21.6) 7(18.9) 0.9
>1.51 17 (46) 19 (51.4) 0.9
209 5(17.2) 11 (37.9) 0.2
CLD
29(112) >091<15 5(17.2) 4(13.8) 0.8
>1.51 19 (65.6) 14 (48.3) 0.5
209 12 (52.2) 11 (47.85) 0.9
TFM
23 (8.8) >2091<15 1(4.3) 1(43) 1.0
>1.51 10 (43.5) 11 (47.9) 0.9
209 9 (45) 9 (45) 1.0
IFN/GA
20 (7.7) >2091<15 3(15) 3(15) 1.0
>1.51 8 (40) 8 (40) 1.0
209 3(16.7) 12 (66.7) 0.05
ALM
18 (6.9) >2091<15 1(5.6) 1(5.6) 1.0
>1.51 14 (77.7) 5(27.8) 0.09

Abbreviations: DMT: disease-modifying therapy; JCV: John-Cunningham virus; FTY; fingolimod; RTX/OCRE: rituximab or ocrelizumab; DMF: dimethyl-fumarate; CLD:
cladribine; TFM: teriflunomide; IFN/GA: interferons or glatiramer acetate; ALM: alemtuzumab.
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Fig. (2). Percentage of patients seroconverted to positive or negative JCV status between TO and T1 for each DMT. Abbreviations: [IFN/GA:
interferons or glatiramer acetate; RTX/OCRE: rituximab or ocrelizumab; DMF: dimethyl-fumarate; TFM: teriflunomide; ALM:
alemtuzumab; CLD: cladribine; FTY; fingolimod; DMT: disease-modifying therapy; JCV: John-Cunningham virus. (4 higher resolu-
tion/colour version of this figure is available in the electronic copy of the article).

At T1, the percentage of patients with JCV index <0.9
was found to be significantly increased in the ALM group
(66.7 % versus 16.7 %, p = 0.05), while the percentage of
patients with JCV index >1.51 was significantly reduced in
the RTX/OCR group (37.5 % versus 51.6 %, p =0.04), and a
trend was observed in the ALM group (27.8 % versus 77.7
%, p =0.09). In the FTY group, a significant reduction in the
percentage of patients with negative JCV status was also
found (1.4 % versus 23.5 %, p = 0.0006) (Table 2).

A significant reduction of the mean JCV index value in
patients treated with RTX/OCR (1.87 + 1.54 vs. 1.57 £ 1.16,
p = 0.0032) and in those on ALM (2.68 = 1.15 vs. 1.50 £
1.24, p = 0.0053) was observed. A trend in reduction of the
mean JCV index value, even if not significant, was also as-
sociated with CLD treatment (2.16 = 1.26 vs. 1.57 £ 1.12, p
= 0.06). Conversely, a significant increase in JCV index was
observed in the patients treated with FTY (2.11 £ 1.29 vs.
2.58 £ 1.40, p = 0.04) (Table 3). Adjusting for the covariates,
DMT duration and previous use of IM or NTZ, similar re-
sults were obtained.

Moreover, a significant percentage of patients treated
with therapies with a T and/or B depleting mechanism of
action seroconverted to a negative JCV status, in particular
14.6 % of patients treated with RTX/OCR, 26.7 % of those
treated with ALM, and 29.2 % of those treated with CLD. A
total of 31 % of patients treated with FTY showed a statisti-
cally significant rate of seroconversion to a positive status
(Fig. 2).

Stratifying according to the previous treatment, 92 (35.4
% of 260) were previously treated with NTZ and 168 (64.6
% of 260) patients were naive to NTZ. In both groups, varia-
tions of mean JCV index value between TO and T1 were not
statistically significant (2.32 + 1.44 vs. 2.14 £ 1.26, p = 0.4;
1.68 + 1.43 vs. 1.55 £ 1.37, p=0.4). A total of 50 (19.2 % of
260) patients were previously treated with IM and 210 (80.8
% of 260) were naive to IMs. Mean JCV index values were
found to be similar between TO and T1 in both groups (1.72
+1.36vs. 1.60+1.37,p=0.7; 1.96 + 1.42 vs. 1.80 + 1.45, p
= 0.3) (Supplementary material).

4. DISCUSSION

Our study demonstrated that the percentage of patients
with negative JCV index increased after ALM, while the per-
centage of patients with positive JCV index decreased after
ALM and RTX/OCR treatments. Moreover, the percentage of
patients with negative JCV status was reduced in the FTY
group. It further showed that drugs with a T and/or B deplet-
ing mechanism of action, as ALM and RTX/OCR, induced a
statistically significant reduction of the JCV index. Even if not
statistically significant, also treatment with CLD is associated
with a reduction in the anti-JCV antibodies titre.

It is well known that B cells can directly contribute to the
development and progression of MS, both being the source
of antibody-producing plasma cells and acting as potent An-
tigen-Presenting Cells (APC) [29]. Indeed, it has been
demonstrated that B lymphocytes, in peripheral blood and
CNS, exhibit signs of chronic inflammation along with a
shift towards antigen-experienced memory B cells due to the
antigen-mediated activation of B cells [29, 30]. In MS pa-
tients, B lymphocytes express a higher level of co-
stimulatory molecules that potentially facilitate the pro-
inflammatory differentiation of responding T cells [31]. For
these reasons, in the last years, several drugs targeting B/T
cells have been developed [1, 32].

Figure (3) summarizes the role of B cells in MS patho-
genesis and the influence of MS therapeutic agents on the
effector and regulatory B cells.

ALM is directed against CD52, a molecule highly ex-
pressed on B and T surfaces, resulting in a rapid and pro-
found depletion of T and B cells [33]. RTX and OCR are
monoclonal antibodies directed against CD20, a molecule
expressed on B cells from the late pro-B cell through the
memory cell stages, thus inducing cell apoptosis via com-
plement-dependent cytotoxicity (CDC) or antibody-
dependent cellular cytotoxicity (ADCC) [34]. As a conse-
quence, RTX and OCR treatments are characterized by a
marked depletion of CD20 + B cells, while the CD4 and
CD8 T cells populations are partially depleted by about
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Fig. (3). Role of B cells in Multiple Sclerosis pathogenesis and the effects of disease modifying therapies on B cells. B cells are able to differ-
entiate into plasma-cells, activating complement and causing tissue damage. B cells also activate T cells by presentation of antigen through
the major histocompatibility complex (MHC) class II, increased secretion of pro-inflammatory cytokines inducing the differentiation and
activation of pathogenic T cell subsets and myeloid cells through. Alemtuzumab (ALM) induces a rapid reduction in circulating T cells, B
cells and monocytes. ALM also increases the levels of serum B cell activating factor (BAFF) and of autoantibodies (especially against the
thyroid), while inhibiting IgG production. Cladribine (CLD) depletes peripheral T and B lymphocytes, in particular memory B cells. Dime-
thyl-fumarate (DMF) decreases the circulating pool of lymphocytes, especially CD8 T cells and B cells; in contrast DMF increases the ratio
of naive to memory B cells and levels of transitional and IL-10+ B cells. Fingolimod (FTY) induces a reduction of total circulating B cells,
especially of memory B cells, while increasing transitional and plasma-cells. FTY also increase IL-10+, CD25+, CD86+, CD5+ B cells lev-
els, with an overall increase in anti-inflammatory cytokine to pro-inflammatory ratio. Glatiramer acetate (GA) induces Tregs activation
through the binding to MHC class II on B cells. GA also decreases percentages of B cells, especially plasma-cells and memory B cells. GA
has no effect on Ig serum level and on B cell proliferation. Interferon-beta (IFN) induces a short-term reduction of B cells, decreasing B cell-
induced proliferative response of CD4 T cells, the levels of CD40+ and CD80+ B cells, and the antigen presenting capacity. IFN also reduces
the percentage of memory B cells, while increasing the transitional B cells. Natalizumab (NTZ) induces a reduction of B cells, plasma-cells,
and levels of IgM and IgG, while increasing levels of immature CD10+ pre-B cells and memory B cells. Rituximab and Ocrelizumab
(RTX/OCR) reduce naive and memory B cells with slight effect of tissue-resident B cells. RTX/OCR slightly decrease circulating IgG. Teri-
flunomide (TFM) inhibits the proliferation of activated T and B cells, also reducing circulating leukocytes. The arrows indicate the induction
of cells differentiation, the interrupted line means the reduction of the cells differentiation. Bold arrows represent an increasing effect; dashes
arrows represent a decreasing effect. Abbreviations: ALM: alemtuzumab; CLD: cladribine; DMF: dimethyl-fumarate; FTY; fingolimod;
GA: glatiramer acetate; IFN: interferons; RTX/OCRE: rituximab or ocrelizumab; TFM: teriflunomide. (4 higher resolution/colour version of
this figure is available in the electronic copy of the article).

10-25 % in the peripheral blood [35]. CLD is a purine nucle-
oside analogue that selectively depletes peripheral T and B
lymphocytes with a particular predilection for memory B
cells [36].

According to our results, the reduction of JCV index in
patients treated with ALM, RTX/OCR and CLD could be
explained by the rapid depletion in B circulating cells, con-
sequently responsible for the decrease in CD4+ T cells. It
has been demonstrated that CD4+ T cells have a major role

in developing PML because they are required for the mainte-
nance of CD8+ T cells, which are the most important player
in the immune control of JCV infection [37]. Therefore, it
could be hypothesized that in patients treated with B deplet-
ing drugs the rapid decrease in B circulating cells and the
associated reduction of JCV index could lead to a lower risk
of PML. In line with this hypothesis, few and no cases of
PML attributable to ALM and CLD, respectively, have been
described in MS [14, 38]. Even considering the last updates
regarding PML cases after OCR, it should be noted
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Table 3. Differences in term of JCV index values between T0 and T1 for each DMT.
DMT JCV Index at TO JCV Index at T1
p-Value
N (%) (mean £ SD) (mean £ SD)
FTY
2.11+1.29 2.58 +1.40 0.04
68 (26.2)
RTX/OCRE 1.87+1.54 1.57+1.16 0.003
65 (25)
DMF 1.54+1.34 1.85+1.43 0.34
37(14.2)
CLD
2.16+1.26 1.57+1.12 0.06
29 (11.2)
TFM
1.57+1.61 1.67 £1.61 0.82
23 (8.8)
TFN/GA 1.35+1.27 1.45+1.47 0.83
20 (7.7)
ALM 2.68+1.15 1.50+1.24 0.005
18 (6.9)

Abbreviations: FTY; fingolimod; RTX/OCRE: rituximab or ocrelizumab; DMF: dimethyl-fumarate; CLD: cladribine; TFM: teriflunomide; IFN/GA: interferons or glatiramer ace-

tate; ALM: alemtuzumab; DMT: disease-modifying therapy; JCV: John-Cunningham virus.

that most of them may be considered as carryover PML, while
only one case could be related to OCR treatment [12, 13]. In
this last case (a 78-year-old man with progressive MS, who
have received OCR as only DMT), the age-related reduction in
the proliferation or of the activity of the lymphocytes, result-
ing in an increased susceptibility to infections (also called
“immunosenescence”), likely played a role in the PML path-
ogenesis [7].

It is well known that DMTs with B and T cell profiles
cause only a partial and transitory depletion of immunocom-
petent cells, with a complete cell repopulation over time with
different timing for each treatment [39, 40]. After ALM
treatment, a complete B cell recovery has been usually
shown within 6 months, while T lymphocytes recover more
slowly and generally do not return to baseline by 12-18
months post-treatment [41]. The reduction of JCV index
after ALM treatment in our study could be explained by the
fact that the rapid B lymphocyte recovery consists mainly of
restored immature B cells, preferentially confined in the
lymphoid organs and potentially reacting to a new JCV
presentation with a low immunogenic profile [39, 42]. Oth-
erwise, a possible resetting of the whole immune system
with the production of new B circulating cells with a differ-
ent immuno-pattern may play a role in it [43].

Assuming that the anti-JCV antibody response is similar
to other viral infections, in RTX/OCR treated patients, the
lower production of anti-JCV antibody titre and the decrease
of the mean JCV index value might be explained by the re-
duction in the B circulating cells. This is in line with a previ-
ous study in which patients treated with RTX showed a low-
er production of immunoglobulins, as well as of antibodies
selected against anti-JCV [44]. Moreover, it could be hy-
pothesized that the functional preservation of residual T cells
could preserve the maintenance of immunocompetence [45].

According to its mechanism of action, CLD’s selective
depletion on memory B cells might explain the reduction of
mean JCV index and consequently the reduced risk of PML
without predisposing to immunosuppression-related compli-
cations [36]. Indeed, patients treated with this drug rarely
develop severe lymphopenia [46].

Our results also confirmed the statistically significant
progressive increase of the mean JCV index in the group of
patients treated with FTY, as shown in our previous study
[25]. FTY acts as a functional antagonist of sphingosine 1-
phosphate (S1P), mainly causing egress inhibition of central
memory T cells and naive T cells from lymph nodes, leading
to presumably reduced migration of those T cells to the cen-
tral nervous system [47]. FTY also plays a role in the modi-
fication of B cell subsets, reducing circulating memory B
cells, while increasing the proportions of transitional B cells
and B regulatory cells (B-regs) [47, 48]. With promoting
lymphocyte homing, FTY might accelerate this phenome-
non, expanding B cell pool due to the presence of new circu-
lating transitional B cells and B-regs and enhancing the role
of antibody-producing B cells [49]. These immunological
modifications might be responsible for the increase of JCV
index found in our study.

JCV index did not significantly change in the groups of pa-
tients treated with DMT, TFM and IFN/GA. These DMTs
act as anti-inflammatory agents downregulating the expres-
sion of proinflammatory cytokines; however, their direct
impact on B cells is still unclear [50].

This study involves several limitations. Firstly, the timing
for the acquisition of the blood samples for JCV status detec-
tion may have potentially impacted our results as treatment
with several depleting drugs, such as RTX/OCRE, CLD, and
ALM, is associated with different rates of B and T cells re-
population. Second, we included patients treated with first-
line injectable therapies (IFN and GA) in the same group,
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despite the different mechanisms of action. More important-
ly, whether the changes in the JCV index observed in our
study could be potentially associated with a modification of
the PML risk has to be proven yet.

CONCLUSION

This is the first study evaluating the JCV index during
treatment with all the currently approved MS drugs other
than NTZ. In particular, the finding of a reduction in anti-
JCV antibodies titre in those patients treated with B deplet-
ing drugs, as ALM and RTX/OCR, may have important im-
plications in clinical practice. Indeed, it is known that NTZ is
one of the most efficacious drugs for treating MS and the
decision of suspending NTZ is mainly driven by the PML
risk stratification [51, 52]. If confirmed by longitudinal stud-
ies, future therapeutic scenarios might foresee the possibility
of using B cell profile drugs as a “therapeutic bridge” in
NTZ-treated patients with high anti-JCV antibodies titre who
have to discontinue treatment due to the high risk of NTZ
driven-PML. Once a reduction of JCV index below 1.50 or
seroconversion to a negative status has been obtained, clini-
cians may consider re-starting NTZ treatment. Indeed, PML
risk with other available and emerging DMTs is much lower
than the risk associated with NTZ [24]. Hence, our data sug-
gest that the temporary replacement of NTZ with DMTs with
comparable effectiveness and safety profile may be done to
reduce the risk of PML; however, this needs to be confirmed
in future studies.

Furthermore, the finding of an increase in JCV index in
patients treated with FTY may raise the question of whether
the use of this kind of treatment as an exit strategy after NTZ
discontinuation would represent the safest choice.

Thus, our results could open new treatments sequencing
scenarios in which switching to different highly-effective
DMTs could maximize disease control and minimize PML
risk based on the mechanism of action.
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