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Abstract

Background Natalizumab is an effective therapy in the treatment of relapsing-remitting multiple sclerosis; it induces lympho-
cytosis (NIL, natalizumab-induced lymphocytosis) and changes the peripheral lymphocyte pattern.

Methods This study aims to evaluate NIL, peripheral blood lymphocyte subsets, CD4/CDS ratio, and their impacts on JCV index
and clinical data—No Evidence of Disease Activity (NEDA-3) and annualized relapse rate (ARR) in patients treated with
natalizumab.

Results Forty-one patients (33 women) were included in the study. The mean duration of follow-up on natalizumab treatment
was 6.7 £+ 3.2 years. Significant increases in relative lymphocytosis after 1 month, with a median of 40.4% (— 34.1 to + 145.5%)
(p<0.001), and after 1 year (49.0% (— 9.3 to+ 127.6%)) (p < 0.001) were found. Significant differences were found after 1 month
when comparing NIL between patients JCV-seroconverting (20.6% (— 17.7 to 72.7%)) and stable JCV-seronegative ones (43.5%
(—6.3t0 +96.3%)) (p = 0.04). No significant difference NIL level was found between the patients exhibiting NEDA-3 status and
those without it. ARR on natalizumab treatment correlated with CD4/CD8 ratio (= 0.356; p = 0.021); patients who maintained
NEDA-3 status over the whole treatment period exhibited a lower CD4/CD8 ratio (1.89 +1.08 vs. 2.5+ 0.73; p < 0.04).
Conclusion This contribution reports the CD4/CD8 ratio as a possible biomarker for better clinical efficacy of natalizumab in
patients exhibiting a lower CD4/CD8 ratio. NIL did not correlate with long-term therapeutic efficacy in patients treated with
natalizumab, but was demonstrated as lower in patients JCV-seroconverting in the course of follow-up.
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Introduction

Natalizumab is a humanized monoclonal antibody targeting
very-late-activating antigen-4 (VLA-4), a molecule involved
in the migration of lymphocytes through the blood-brain bar-
rier into the central nervous system (CNS). It has shown high
efficacy in patients affected by relapsing-remitting multiple
sclerosis (RRMS) in terms of a significant reduction in annu-
alized relapse rate (ARR) and the risk of sustained disability
progression by the standards of No Evidence of Disease
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Activity (NEDA-3) status, defined as an absence of relapses,
progression, or new T2-hyperintense lesions on MRI [1, 2]. Its
mechanism of action is based on the prevention of lymphocyte
migration in the CNS, thus increasing the number of immune
cells in the peripheral blood [3]. Natalizumab treatment, how-
ever, may affect lymphocyte subsets in various ways, as the
o431 integrins are expressed differently on lymphocyte sub-
types. It has been reported that memory subsets of B and T
cells express higher levels of VLA-4 than naive forms [4, 5].
An increase may be observed in the absolute number of lym-
phocytes (natalizumab-induced lymphocytosis, NIL) in the
blood count and, in particular, in a characteristic reversal of
the relative leukocyte formula during treatment. The latter
phenomenon is primarily due to lymphocyte sequestration in
the peripheral circulation in reaction to the drug [6]. However,
it is also related to VLA-4, which is expressed on all hemato-
poietic cells and is implicated in single-cell mobilization and
migration of CD34 lymphocytes [7]. NIL has been considered
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a biomarker of the therapeutic efficacy of natalizumab, ac-
cording to Signoriello [8].

Natalizumab treatment is associated with some risk of pro-
gressive multifocal leukoencephalopathy (PML), a rare sub-
acute disease characterized by widespread loss of myelin aris-
ing out of reactivation of John Cunningham virus (JCV)
[9-13]. Several factors, among them the duration of
natalizumab treatment, prior use of immunosuppressants,
and the presence of serum anti-JCV antibodies, may establish
PML risk [14]. Anti-JCV antibodies occur in 50-70% of mul-
tiple sclerosis (MS) patients, while the anti-JCV antibody in-
dex has been reported as correlating with PML risk in sero-
positive patients [15-21]. Estimation of PML risk is an essen-
tial step for informed risk—benefit evaluation and treatment
decisions in MS patients. Since JCV infection is a prerequisite
for PML development, a two-step, enzyme-linked immuno-
sorbent assay (ELISA) to detect anti-JCV antibodies has been
developed to stratify PML risk (stratify test) [14].

Several studies have evaluated the peripheral lymphocyte
pattern during natalizumab treatment, showing a dispropor-
tionate increase in peripheral subsets of lymphocytes and in
CD4/CD8 ratio, both in the CNS and to a lesser extent in the
peripheral blood [22-25]. Increased peripheral blood CD8* T
lymphocyte effector subset percentages are associated with
JCV-DNA positivity [22]. Real-world evidence and observa-
tional studies are becoming increasingly attractive to re-
searchers, since they reflect the usefulness of drugs in real life
and have potential to disclose uncommon or rare adverse drug
reactions and inclusive lab abnormalities. Therefore, real-
world evidence can assist in evaluating a drug profile in clin-
ical practice and in linking it with other clinical outcomes.

This study aims to evaluate NIL and lymphocyte pattern
modification during natalizumab treatment in MS patients and
its relationship with anti-JCV antibody index and the clinical
efficacy of natalizumab treatment, in order to identify alterna-
tive, reliable immunological markers that may facilitate im-
provements in the safety and efficacy of therapy and guide
tailored clinical decisions based on real-world evidence.

Patients and methods

Forty-one patients with RRMS, treated with natalizumab in
the multiple sclerosis center of a large university hospital,
were included into the study. They had all received at least
12 natalizumab infusions. All patients were over the age of 18
and their MS diagnoses were based on the 2017 McDonald
criteria [26]. Exclusion criteria were the presence of autoim-
mune diseases other than MS and systemic steroids adminis-
tered within 30 days before blood sampling. Patients treated
with intravenous immunoglobulins or other blood products
were not included in the study in the light of possible impacts
on the antibody index [27].
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Retrospective evaluations were made of leukocyte and
lymphocyte blood counts before commencement of
natalizumab treatment, after 1 month and 1 year of
natalizumab treatment. NEDA-3 status and ARR in the whole
cohort were evaluated.

Lymphocyte subsets (CD3*, CD3*CD4*, CD3*CD8") and
CD4/CDS ratio were prospectively obtained by flow cytome-
try in the whole cohort.

No informed consent was required since assessments and
blood sampling were performed as part of a safety program for
clinical practice. The research was approved by the local eth-
ical committee.

Patients received natalizumab 300 mg intravenously every
28 days. Blood samples were collected by peripheral venous
puncture before natalizumab infusion. The samples were al-
ways collected and analyzed by the same central laboratory.
NEDA-3 status was evaluated on the basis of routinely record-
ed clinical data and 1.5-T magnetic resonance imagining
(MRI). Expanded Disability Status Scale (EDSS) scores were
obtained on a 3-month basis. The ARR was evaluated for the
2 years before natalizumab administration and then for the
whole period of treatment. Clinical relapse was defined as
the appearance of new neurological deficits or an exacerbation
of existing ones lasting more than 24 h, in the absence of
fever. An MRI scan was taken every year, while neurological
examinations were performed every 3 months.

Anti-JCV antibody serological status and index were deter-
mined every 6 months by a two-step enzyme-linked immuno-
sorbent assay (STRATIFY JCV DxSelect). An index value of
less than 0.2 was considered anti-JCV antibody negative and
of greater than 0.4 as anti-JCV antibody positive. Samples
with an index between 0.2 and 0.4 were evaluated using a
supplementary confirmatory test (second step). In the confir-
mation test, the patient sample was pre-inhibited with the
coating antigen in solution and the pre-inhibited and non-
inhibited aliquots of patient serum were tested. The results
of the confirmation assay were reported as percentage inhibi-
tion and results higher than 45% were classified as anti-JCV
antibody positive [28].

Flow cytometry analysis

The assessment of immune cell subsets in peripheral blood
was performed by flow cytometry.

Whole peripheral blood collected in EDTA was used for
multi-color flow cytometry immunophenotyping. A range of
immunological subtypes, including CD3* lymphocytes,
CD3*CD4" helper T lymphocytes, and CD3*CD8"
suppressor/cytotoxic T lymphocytes, were detected using
KOMBITEST CD3 FITC CD8 PE/CD45 PerCP/CD4 APC
(Exbio), and CD4/CDS ratio was obtained. The flow cytome-
try assay was performed by BD FACSCanto IT with SW Diva
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1.3 analytics (BD Biosciences). The patients did not exhibit
any relapse at least 3 months before blood sampling.

Statistical analysis

The normally distributed data are given as the mean and stan-
dard deviation (SD) (relative CD4 and CD8 lymphocyte
count, CD4/CDS ratio, absolute leukocyte and lymphocyte
count, age, duration of natalizumab treatment) while the
non-normally distributed factors (relative lymphocyte count,
ARR, JCV index) are given as median and minimum/maxi-
mum. The relationships between lymphocytes, CD4/CDS ra-
tio, JCV index, and ARR were tested by means of Spearman’s
rank-order correlation. Spearman’s correlation coefficients ()
and p values for each analysis were reported. Comparisons of
groups of natalizumab-related patients were analyzed by the
Mann-Whitney U test. The ANOVA test was used for differ-
ences in CD4/CDS ratio arising out of comparison between
groups of stable JCV-positive, stable JCV-negative, and JCV-
seroconverting patients. SPSS (version 26, SPSS, Chicago,
IL, USA) was used for data analysis. Results were considered
statistically significant at the p <0.05 level.

Results

Forty-one patients (33 women (80%)), with a mean age when
natalizumab treatment commenced of 36.5+ 7.5 years, and a
mean disease duration before natalizumab treatment of 6.6 +
2.9 years, were included into this study. The mean duration of
follow-up on natalizumab treatment was 6.7 =3.2 years; 24
patients exhibited NEDA-3 status (58%) with a mean follow-
up period of 7.1 £3.1 years, compared with 17 patients who
did not exhibit NEDA-3 status (42%), with a mean follow-up
period of 6.3 £ 3.4 years; no significant differences emerged in
duration of natalizumab treatment duration (p =0.47).
Thirteen patients exhibited at least one relapse, 12 patients
exhibited some disability progression (EDSS), and 16 patients
showed some progression on MRI (new T2 or gadolinium-
enhancing lesions) over the whole treatment duration.

Median ARR 2 years before natalizumab treatment was 1.5
(0.5-3); median ARR for the entire natalizumab treatment was
0 (0 to 2). Natalizumab significantly decreased ARR
(»<0.001). The baseline JCV index at the beginning of
natalizumab treatment was positive in 21 patients (51%) with
a median of 0.35 (0.1-4.16). Ten patients seroconverted
(21%) over the follow-up period (7 to seropositivity; 3 to
seronegativity). No patient experienced a PML during the
follow-up period. A summary of the demographic and clinical
features of the patients appears in Table 1.

Mean absolute leukocyte count before the first natalizamab
infusion was 6.91 +2.13 x 10*9/L. Mean absolute leukocyte
count 28 days after the first natalizumab infusion was 7.6 +

2.4 x 10*9/L. Mean absolute leukocyte count 1 year after the
beginning of natalizumab treatment was 7.61 £2.39 x 10*9/
L. No significant increase in leukocytosis after 1 month (p =
0.09), and after 1 year (p =0.07), appeared.

Significant increases in relative lymphocytosis after
1 month, with a median of 40.4% (—34.1 to + 145.5%)
(»<0.001) and after 1 year (49.0% (—9.3 to + 127.6%))
(p<0.001) were found. No significant increase in relative
lymphocytosis occurred from the first month to the first year
of the treatment (8.5% (— 31 to + 79%)) (p =0.12) (Fig. 1).

No significant difference in natalizumab-induced lympho-
cytosis (NIL) level was found between the patients exhibiting
NEDA-3 status and those without it. The median increase in
relative lymphocytosis after 1 month in patients exhibiting
NEDA-3 status over the whole follow-up period was 40.5%
(=17.7 to +105.7%) compared with non-NEDA-3 patients,
for whom the figure was 40.3% (—34.1 to + 145.5%) (p =
0.9): in relative lymphocytosis after 1 year in patients
exhibiting NEDA-3 status (52.2% (= 9.3 to + 127.2%)) com-
pared with non-NEDA-3 patients (46.8% (— 9.3 to + 127.2%))
(p=0.56).

ARR during natalizumab treatment did not correlate with
NIL after 1 month (»=0.167; p=0.3) and after 1 year (r=
0.213; p=0.181).

Ten patients (24%) exhibited some seroconversion of JCV
index (to seropositivity or seronegativity) during the follow-
up period, and significant differences were found after 1 month
when comparing NIL between patients JCV-seroconverting
(20.6% (—17.7 to 72.7%)) and stable JCV-seronegative ones
(43.5% (— 6.3 to + 96.3%)) (p = 0.04) and also with the stable
JCV seropositive-group of patients (50.4% (—34.1 to +
145.5%)) (p=0.03). NILs after 1 month in JCV-
seroconverting patients were lower compared with patients
of stable JCV serostatus (positive or negative) (46.8% (—
34.1 to + 145.5%)) (p = 0.024) (Fig. 2).

A significant difference emerged when comparing NIL af-
ter 1 year of natalizumab treatment in JCV-seroconverting
patients (33.7% (+3.5 to 67.4%)) with stable JCV-
seropositive ones (62.1% (—9.3 to + 127.6%)) (p =0.04) but
not in the stable JCV-seronegative group of patients (46.3%
(+14.6 to +121.7%)) (p=0.21). NILs after 1 year of
natalizumab treatment in JCV-seroconverting patients were
33.7% (+3.5 to 67.4%) compared with patients of stable
JCV serostatus (positive or negative) (54% (—9.3 to +
127.6%)) (p=0.11).

No significant correlations were found between JCV index
and NIL after 1 month (r=—0.025; p=0.878) and NIL after
1 year (r=10.033; p=0.837).

No difference between groups was found in comparison of
disease duration and natalizamab treatment duration.

Lymphocyte subsets (CD3*, CD3*CD4*, CD3*CD8") and
CD4/CDS ratio were established by flow cytometry in the
entire cohort after a mean interval of 6.8 +3.2 years of
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Table 1 Demographic and
clinical characteristics of MS
patients

Subjects (V)
Female sex (N (%))

Age on the natalizumab onset (mean + SD (years))

EDSS on the natalizumab onset (mean + SD)

ARR during natalizumab treatment (median (min to max))

Disease duration before natalizumab treatment (mean + SD (years))
Duration of natalizumab treatment (mean + SD (years))

NEDA-3 status (N (%))

Positive JCV patient baseline (N (%))

41
33 (80%)
36.5+7.5
42+13
0(0t02)
6.6+2.9
67+32
24 (58%)
21 (51%)

SD standard deviation, NEDA No Evidence of Disease Activity, JCV John Cunningham virus, MS multiple
sclerosis, £EDSS Expanded Disability Status Scale, ARR annualized relapse rate

natalizumab treatment (mean age 43.2 + 6.7 years). The mean
relative CD4" lymphocyte count was 63.2+8.2%, and the
mean relative CD8" T lymphocyte count was 32.7 +7.9%.
The mean CD4/CDS ratio was 2.14 + 0.94; this did not corre-
late with JCV index (r=0.033; p =0.82), natalizumab treat-
ment duration (»=0.107; p=0.46), disease duration (»=
0.072; p=0.618), or age of the patients (r=10.054; p=0.71).
No significant differences in CD4/CD8 ratio were found in
comparison of groups of stable JCV-positive (2.25 +1.05),
stable JCV-negative (2.2 +0.98), and JCV-seroconverting pa-
tients (1.89 +0.58) (p =0.59). No significant differences were
found in comparison of groups of patients with stable JCV
index (2.22 +1.02) compared with JCV-seroconverting pa-
tients (1.89+£0.58) (p =0.4). Patients who maintained
NEDA-3 status over the whole period of the natalizumab
treatment exhibited a lower CD4/CDS8 ratio (1.89 £1.08 vs.

2.5+0.73; p<0.04) and lower relative CD4" T lymphocytes
(60.9 +7.1% vs. 66.5 + 8.4%) and higher relative CD8"* lym-
phocytes (34.7 +7.2% vs. 30.0 £ 8.0%). ARR on natalizumab
treatment correlated with CD4/CDS8 ratio (r=0.356; p=
0.021).

Discussion

Natalizumab, the first monoclonal antibody for MS therapy
targeting o431 integrin, is a highly active therapy for patients
with severe relapsing MS. The current study aimed to estab-
lish reliable biomarker(s) for clinical efficacy and risk of JCV
seroconversion in a cohort of 41 RRMS patients treated with
natalizumab. A lower CD4/CDS ratio correlated with better
clinical response to natalizumab, while JCV-seroconverting

natalizumab induced lymphocytosis

Fig. 1 Box plots of absolute lymphocyte count before, then 1 month and
1 year after natalizumab treatment. Minima appear at the tips of the lower
whiskers. The median marks the mid-point of the data and is shown by
the line that divides the box into two parts. Maxima appear at the tips of
the upper whiskers. Outliers are plotted as individual dots. Mean absolute
lymphocyte count before first natalizumab infusion was 2.09 +0.74 x
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oth Bty count after 1 yoa

10*9/L. Mean absolute lymphocyte count 28 days after the first
natalizumab infusion was 3.24 +0.78 x 10*9/L. Mean absolute lympho-
cyte count after 1 year of the beginning of natalizumab treatment was 3.7
+0.89 x 10*9/L. There are significant increases in relative lymphocytosis
after 1 month (p <0.001), and after 1 year of natalizumab treatment
(p<0.001)
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Fig. 2 Box plots show that NIL
after 1 month in JCV-
seroconverting patients was lower
compared with patients of stable 140
JCV serostatus (positive or nega-
tive) (p = 0.024). Minima appear
at the tips of the lower whiskers.
The median marks the mid-point
of the data and is shown by the
line that divides the box into two
parts. Maxima appear at the tips
of the upper whiskers. JCV, John
Cunningham virus; NIL,
natalizumab-induced
lymphocytosis -40

natalizumab induced lymphocytosis

patients suffered a lower level of natalizumab-induced lym-
phocytosis than patients with stable JCV index serostatus.

Among the limitations of this study, it must be accepted
that it involved a relatively low number of subjects, a result of
the single-center design. A further limitation may be found in
the CD4/CDS8 ratio, which was not evaluated longitudinally.
The MRI protocol was not uniform (including gadolinium
administration) over the follow-up in the whole cohort due
to a retrospective study design.

The CD4/CD8 ratio was reduced in the CSF of PML pa-
tients receiving natalizamab [25], suggesting that a low ratio
could be associated with a higher likelihood of the acquisition
of pathogenic JCV variants that evade immune surveillance
over time [29] and lead to PML. However, no significant
correlation of CD4/CD8 ratio with JCV index emerged in this
study. No significant difference between groups in terms of
CD4/CD8 ratio and JCV stable positivity, negativity, or sero-
conversion was found.

The importance of lymphocyte subset modifications as a
biomarker of natalizumab treatment efficacy in MS has been
reported [8]; this corresponds with the data herein, indicating
that natalizumab acts on immune cell circulation, altering T
cell balance. The CD4/CDS8 ratio should thus be monitored
carefully in natalizumab-treated patients as a possible marker
of response to this treatment. During such treatment, an inver-
sion of the white blood cell count with lymphocytosis has
been demonstrated [30] as a result of sequestration of lympho-
cytes [6], confirmed by an increase in NK cells, B cells, CD4*,
and/or CD8* T lymphocytes, with no change in the CD4/CD8
T cell ratio during treatment. In this study, it emerged that the
CD4/CD8 ratio was lower in natalizumab-treated patients
with better clinical response to immunomodulating therapy.
A previous study suggests that this ratio difference increases
in the first 12 months of natalizumab treatment [29].

The CD4/CD8 ratio might well be a possible biomarker for
clinical efficacy in natalizumab treatment because patients

NIL and JCV index stability

[ stable JCV index group [l JCV index seroconverting patients

exhibiting NEDA-3 status over the whole period of
natalizumab treatment herein exhibited a lower CD4/CD8 ra-
tio, and also patients with lower ARR had lower CD4/CD8
ratios, something that may indicate a better clinical effect of
natalizumab in patients with lower CD4/CD8 (as a possible
marker of efficacy of natalizumab).

Referring to the literature evidence [23] in the cohort stud-
ied herein, a significant difference was observed between the
baseline percentage of lymphocytes and the percentage
4 weeks after the first natalizumab administration, an average
increase of 40.4%, which might reflect the early biological
action of the drug. No difference was observed in overall
leukocyte blood count after the commencement of
natalizumab treatment, which correlates with a selective lym-
phocyte effect [6].

Previous studies have suggested (e.g., Signoriello et al.,
2015 [8]) that NIL may be a biomarker of therapeutic efficacy
in patients with multiple sclerosis treated with natalizumab,
and that the risk of a clinical or instrumental relapse may be
higher in patients with a lower-than-expected NIL. High
levels of lymphocytes during treatment reduced the risk of
an early reactivation after treatment discontinuation [31], aris-
ing out of ongoing effects of lymphocytosis, especially by
CD4" and CDS8* lymphocytes, even after discontinuation of
the drug. In the cohort herein, NIL did not correlate with long-
term therapeutic efficacy in patients treated with natalizumab.
No significant signs that NIL could be a reliable biomarker for
natalizumab therapeutic efficacy emerged. The contrasting re-
sults of our study may be due to a different cohort—progres-
sive-relapsing MS patients [8] were not included in this study,
and also the cohort herein exhibited a higher increase of lym-
phocytes after 4 weeks (18.75% vs. 40.4%).

JCV-seroconverting patients showed lower NIL than pa-
tients with stable JCV index serostatus. These patients may
be at higher risk of JCV seroconversion and possibly greater
risk of PML. The relationship between natalizumab-induced

@ Springer



2852

Neurol Sci (2021) 42:2847-2853

lymphocytosis and JCV index, including the risk of serocon-
version, has not yet been investigated in previous studies, so
these data are unique. The patients who exhibited lower reac-
tivity of the immune system, demonstrated by a lower level of
NIL, lie in contrast with the higher proportion of JCV index
seroconversion of these patients. The pathogenic mechanism
and links between NIL and JCV index seroconversion are not
yet fully understood.

Conclusion

This contribution reports the CD4/CDS ratio as a possible
biomarker for better clinical efficacy of natalizumab in pa-
tients exhibiting a lower CD4/CD8 ratio. Compared to the
previous study [8], NIL did not correlate with long-term ther-
apeutic efficacy in patients treated with natalizumab, but was
demonstrated as lower in patients JCV-seroconverting in the
course of follow-up.
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