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Background: This study was undertaken to determine how frequently patients receiving natalizumab for
maultiple sclerosis (MS) experience recrudescence of their MS symptoms at the end of the dosing cycle.

Methods: One hundred consecutive MS patients receiving natalizumab completed a survey evaluating
changes in symptoms during the natalizumab dosing cycle. Ninety-one patients also completed question-
naires at two time points: the first week after natalizumab infusion and the last week of the dosing cycle.
These included the Multiple Sclerosis Quality of Life-54 (MSQOL-54), Fatigue Visual Analog Scale (VAS),
Fatigue Severity Scale (FSS), and Beck Depression Inventory—II (BDI-II).

Results: End of dosing interval (EDI) symptoms were reported as currently being experienced by 57%
of respondents. An additional 10% reported that they previously experienced that phenomenon, but not
currently, and 33% reported never experiencing this. In those with EDI symptoms, they began to occur a
median of 21 days after infusion and improved again a median of 1 day after infusion. The most com-
mon symptoms reported were fatigue, weakness, walking impairment, and cognitive difficulties. No specific
demographic or disease characteristics were associated with this phenomenon. In the subgroup with EDI
symptoms, the MSQOL-54, Fatigue VAS, FSS, and BDI-II scores were all significantly worse in the last
week of the dosing cycle when compared with the first week. No difference was seen in these scores between
Jirst and last week in the subgroup not experiencing symptom recrudescence.

Conclusions: Recrudescence of fatigue, weakness, walking impairment, or cognitive difficulties at the
end of the dosing cycle occurs in about two-thirds of MS patients receiving natalizumab. Int ] MS Care.
2014;16:92-98.
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had periodic cognitive testing and Fatigue Severity Scale
(FSS) measurement. They found a decrease in the Cog-
nitive Impairment Index, Beck Depression Inventory
(BDI) score, and FSS score in patients while on natali-
zumab treatment compared with the pre-natalizumab
condition. Portaccio et al.” performed a small, non-
randomized study of patients going on natalizumab or
interferon beta (IFN), and found a lower rate of cogni-
tive worsening in the natalizumab group relative to the
IFN-treated group. Yildiz et al.'” tested patients already
receiving natalizumab at two time points a year apart,
and found that fatigue scores actually worsened over the
interval despite a very low relapse rate. However, none of
these studies evaluated changes in symptoms within the
natalizumab dosing cycle.

We have observed clinically that a significant number
of natalizumab-treated MS patients report feeling more
of their previously experienced MS symptoms at the
end of their dosing cycle, and that these symptoms abate
shortly after receiving their next natalizumab infusion.
Though commonly experienced, this phenomenon of
end of dosing interval (EDI) symptoms has not been
previously studied. We performed a cross-sectional sur-
vey and cohort study of natalizumab-treated MS patients
to determine the prevalence of this phenomenon, and
to determine whether subjective differences in fatigue,
mood, and quality of life (QOL) scores can be detected
between the beginning and end of the natalizumab dos-
ing cycle.

Patients and Methods

Patients

Consecutive patients receiving natalizumab to treat
a relapsing form of MS were recruited from the Johns
Hopkins Neurology infusion center from July through
October 2012. Patients were excluded from participa-
tion if they were under 18 years of age, had received less
than 5 consecutive cycles of natalizumab, had experi-
enced a recent infection or MS relapse, or had cognitive
impairment sufficient to interfere with the completion
of the surveys.

Assessments

Participants completed a general survey on their MS
history, which included a question about EDI symp-
toms. If they answered that they did experience EDI
symptoms, an additional survey form was given with
specific questions about this phenomenon.

A subset of patients also agreed to enter a cohort
study and complete additional questionnaires. Par-
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ticipants were asked to rate their symptoms for the prior
week at two time points: 7 days after receiving natali-
zumab (reflecting the week of peak natalizumab level)
and on the day of infusion (reflecting the week of low-
est natalizumab level). The questionnaires included the
Multiple Sclerosis Quality of Life-54 (MSQOL-54), a
54-question survey that includes the SF-36 and addi-
tional MS-specific questions.!' The primary outcomes of
this survey are composite scores for “physical health” and
“mental health,” which range from 0 to 100 with higher
numbers indicating better QOL.

Fatigue was assessed with two instruments: a visual
analog scale (VAS) and the FSS." First, patients were
asked to mark their fatigue level on a 100-mm line,
yielding a score from 0 (no fatigue) to 100 (worst fatigue
imaginable) for the prior week. The FSS is a 9-ques-
tion survey in which each question is scored from 1 to
7 with higher numbers indicating more severe fatigue.
Symptoms of depression were measured using the Beck
Depression Inventory—II (BDI-II)."* The BDI-II is a
standard 21-question instrument in which the score for
each question ranges from 0 to 3, leading to a range of
possible scores from 0 to 63.

Statistical Analyses

The demographic and disease characteristics were
compared between those who never experienced symp-
tom recrudescence and those who ever experienced
symptom recrudescence (currently or previously). A ¢
test was used to compare continuous variables, and a ¥?
test was used to compare binomial variables individually.
In addition, a multivariate logistic regression model was
generated using the following covariates: age, gender,
race (white vs. nonwhite), body-mass index (BMI),
number of natalizumab doses, total number of relapses,
mean number of relapses per year while on natalizumab,
self-reported fatigue, self-reported cognitive dysfunction,
history of depression, need to use an assistive device to
walk, and smoking status. The MSQOL-54 data were
analyzed by calculating the Physical Health Composite
Score and the Mental Health Composite Score. The
mean Physical and Mental Health Composite Scores,
fatigue VAS, FSS, and BDI-II were compared between
the time of peak and trough natalizumab effect using
a paired ¢ test. Data were also analyzed by generating
a “difference score” for each outcome by subtracting
the value at the time of peak natalizumab effect from
the value at the time of trough natalizumab effect. The
difference scores for the outcomes were used in a regres-
sion model to evaluate whether disease or demographic
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factors influenced the change in score. Also, an analysis
of covariance (ANCOVA) model was used to analyze
whether covariates modified the effect of the presence of

EDI symptoms on change in outcomes. Analyses were
performed using STATA 10.0 (StataCorp, College Sta-
tion, TX).

Study Protocol Approval and Patient Consent

The study protocol was approved by the Johns Hop-
kins Institutional Review Board. Written informed con-
sent was obtained from all participants.

Results

Cross-Sectional Survey

One hundred five consecutive patients receiv-
ing natalizumab for a relapsing form of MS were
approached to participate. One hundred out of 105
(95%) agreed to complete the survey. Demographics of
the cross-sectional cohort are shown in Table 1. Patients
were interviewed and their charts were reviewed at the
time of enrollment to ensure that they had not expe-
rienced an infection within the last 30 days or an MS
relapse within the previous 60 days. Those with a recent
infection or relapse were excluded from participation.
Patients were enrolled only if they had received 5 or
more previous natalizumab infusions so that they had
at least 5 months of experience in which to potentially
identify any EDI symptoms.

When asked whether they felt worse at the end of the
natalizumab dosing cycle than at other times during the
cycle, 57% affirmed that they did currently experience
that. An additional 10% reported that they previously
experienced that phenomenon, but not currently, and
33% reported never experiencing that phenomenon.
Among those reporting EDI symptoms, the phenom-
enon was present from the beginning of natalizumab
use in 56% and it began later in 44%. Of those who did
not experience it from the beginning, it started a median
of 4 months (range, 0—18 months) after natalizumab
initiation.

The timing of symptom change was assessed. In the
group reporting EDI symptoms, they began to appear
a median of 21 days (range, 12—49 days) after infusion.
After receiving natalizumab, symptoms were reported to
begin improving after a median of 1 day (range, 0—12
days). Among those reporting EDI symptoms, the most
common symptom to recur at the end of the dosing
cycle was fatigue (82%), followed by weakness (52%),
walking difficulties (43%), cognitive difficulties (30%),
and paresthesias (30%) (Table 2). The severity of the

symptoms was categorized as mild by 53%, moderate by
42%, and severe by 5%. When asked whether this had
improved over time, 37% reported that it had improved
over time, 9% reported that it had worsened over time,
and 54% reported no significant change. Analyses were
performed to determine whether there was any differ-
ence in demographic or disease characteristics between
the group of patients who ever experienced symptom
recrudescence and those who never experienced it.
These data are summarized in Table 1. In the univariate
analysis, no specific factors were found to associate with
symptom recrudescence, including age, gender, race, dis-
ease duration, number of relapses, self-reported fatigue,
self-reported cognitive dysfunction, history of depres-
sion, JC virus antibody status, BMI, number of natali-
zumab doses, smoking status, or need to use an assistive
device to walk. A multivariate logistic regression model
was also used to test the association between demograph-
ic/disease characteristics and proportion experiencing
EDI symptoms. In this model, keeping other covariates
constant, age had a significant negative association with
the presence of EDI symptoms (odds ratio, 0.94 per
year; 95% confidence interval [CI], 0.897-0.990; P =
.019).

At the direction of their treating physician, a subset
of the patients (n = 21) was receiving natalizumab every
6 or 8 weeks instead of the typical every 4 weeks. The
effectiveness of this extended dosing interval has not
been studied, and this is an off-label use of the medica-
tion. Symptom recrudescence was not more prevalent
in the group on the extended dosing schedule relative to
the group on the standard dosing schedule (52.4% vs.
57.7%, P = .66). However, four patients reported that
their symptoms began to recur sometime later than 28
days after infusion, suggesting that some may experience
symptom recrudescence only with an extended dosing

schedule.
Cohort Study

Ninety-one patients completed questionnaires in the
infusion center assessing QOL, fatigue levels, and symp-
toms of depression for the week leading up to their infu-
sion (ie, the time of lowest serum natalizumab levels).
They were asked to complete the same series of ques-
tionnaires at home 7 days after their infusion regarding
the prior week (ie, the time of peak natalizumab effect).
The follow-up questionnaires were returned by 82 of 91
patients (90%). These results are summarized in Table
3. No patients experienced a relapse or an infection in
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Table 1. Demographic and disease characteristics of the whole cohort and subgroups: those
who never experienced symptom recrudescence and those who ever experienced it (currently
and previously)

P value, P value,
Never Ever univariate multivariate

Characteristic Whole cohort experienced experienced analysis analysis
Number 100 33 67 - -
% female 70.0 66.7 71.6 .61 79
Mean (SD) age, y 42.5(11.7) 44.4 (11.3) 41.6 (11.9) .25 .019
Race, %

White 75.0 69.7 77.6 .39 .34

Black or African American 20.0 21.2 19.4 .83 -

Asian American 3.0 3.0 3.0 .99 -

Native American or 0 0 0 - -

Native Alaskan

Native Hawaiian or 0 0 0 - -

other Pacific Islander

Other 2.0 6.0 0 .04 -
Hispanic, % 2.0 0 3.0 .32 -
Mean (SD) disease duration, y 12.7 (8.42) 12.7 (7.27) 12.7 (8.99) .96 -
Mean (SD) lifetime relapses 6.18 (7.05) 4.97 (5.07) 6.78 (7.81) .23 16
Mean (SD) relapses in the previous  0.26 (0.61) 0.21 (0.55) 0.28 (0.65) .59 -
12 months
Mean (SD) relapses per year while  0.12 (0.41) 0.06 (0.27) 0.15(0.47) .29 .075
on natalizumab
Report symptom, %

Fatigue 91.0 90.9 91.0 .98 .57

Cognitive dysfunction 62.6 66.7 60.6 .56 .57

Depression 40.8 333 44.6 .28 .20
JC virus antibody positive, % 34.0 30.3 35.8 .58 -
Mean (SD) height, cm 168 (10.0) 168 (10.8) 169 (9.63) .76 -
Mean (SD) weight, kg 75.7 (18.6) 74.3 (16.0) 76.5(19.8) .58 -
Mean (SD) body-mass index, 26.7 (6.29) 26.6 (6.18) 26.8 (6.39) .86 .53
cm/kg?
Mean (SD) number of natalizumab ~ 34.7 (21.9) 31.5(23.3) 36.3(21.1) .30 21
doses
Smoking, % 14.0 15.2 13.4 .82 46
Require assistive device to walk, % 31.0 27.3 32.8 .57 .23

the 1-week interval separating the completion of their | yielding a score from 0 to 100. The mean fatigue VAS
surveys. score at the end of the dosing cycle was significantly

Quality of life was evaluated using the MSQOL-54, | higher (worse) than during the time of peak natalizumab
an MS-specific QOL questionnaire. For all patients sur- | level (48.9 vs. 39.7, P = .002). Fatigue was also assessed
veyed, the mean Physical Health Composite Score was | using the FSS, which provides a summary score from 1
significantly lower (worse) at the end of the dosing cycle | to 7 with higher numbers indicating more severe fatigue.
compared to the time of peak natalizumab level (62.3 vs. | Mean FSS scores were higher at the end of the dosing
67.2, P < .0001). The same difference was found for the | cycle than at the beginning (4.62 vs. 4.25, P = .004).
mean Mental Health Composite Score (69.8 vs. 75.7, P | Depressive symptoms were assessed with the BDI-II.
=.001). BDI-II scores were significantly higher (worse) at the

Fatigue for the prior week was evaluated using two | end of the dosing cycle than at the time of peak natali-
scales. Patients indicated their fatigue level on a VAS, | zumab level (11.6 vs. 9.58, P =.000).
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Table 2. Frequency of symptoms reported to
recur at the end of the natalizumab dosing
cycle by those who experience symptom
recrudescence

Symptom % Reporting
Fatigue 82
Weakness 52
Walking difficulties 43
Cognitive difficulties 30
Paresthesias 30
Numbness 25
Pain 21
Blurry vision 19
Dizziness 16
Bladder symptoms 13
Dysarthria 12
Diplopia 10
Tinnitus 7
Dysphagia 6
Hearing difficulties 6
Pressure sensation 6
Depression 6
Bowel symptoms 4

A prespecified subgroup analysis was performed for
the group that reported currently experiencing symptom
recrudescence and the group that did not. The subgroup
that did report symptom recrudescence had more dra-
matic differences in all measured scales than the group
as a whole (Table 3). By contrast, the subgroup that did
not report experiencing symptom recrudescence showed
no significant differences in any of the scales between the
beginning and end of the dosing cycle.

The longitudinal data were also analyzed by creat-
ing a difference score for each outcome and using linear
regression to evaluate whether the following variables
affected amount of change in the measured outcomes:
age, gender, self-reported fatigue, self-reported cogni-
tive dysfunction, and need to use an assistive device to
walk. Self-reported fatigue was associated with a greater
change score in the fatigue VAS. None of the other vari-
ables were associated with the amount of change in the
measured outcomes. An ANCOVA model was used to
determine whether these covariates modified the effect
that having EDI symptoms has on the change in the
outcomes. The only effect modification that was identi-
fied was that age modifies the effect of EDI symptoms
on change in FSS, such that those with EDI symptoms
see less of an increase with age in FSS than those without
EDI symptoms.

Discussion

This study found that a significant number of MS
patients treated with natalizumab experience recrudes-
cence of some of their MS symptoms toward the end
of the natalizumab dosing cycle, and these symptoms
are improved by infusion of natalizumab. Fatigue was
the most common symptom that fluctuated, followed
by weakness and walking difficulties. Moreover, it was
found that scores for questionnaires assessing physical
and mental QOL, fatigue, and depression were sig-
nificantly better during the first week after receiving
natalizumab than for the last week of the dosing cycle in
patients who experience this. In a multivariate analysis,
age was identified as negatively associated with having
EDI symptoms. Since MS becomes less inflammatory
as patients age, this would be consistent with a model
in which EDI symptoms are due to recurrent low-grade
CNS inflammation.

One other study has reported the same phenomenon
of MS symptoms recurring at the end of the natali-
zumab dosing cycle. Gudesblatt et al.'* looked at four
specific symptoms—fatigue, loss of concentration, weak-
ness, and confusion—and found that 66% of natalizum-
ab-treated patients had at least one of those symptoms
recur at least 21 days after natalizumab infusion. Fatigue
was the most common symptom to recur. They found
no difference in the prevalence of these symptoms by
age, BMI, body surface area, or duration of natalizumab
treatment. Their results are very concordant with our
findings.

Foley et al.”® evaluated the pharmacokinetics and
pharmacodynamics of natalizumab infusion as a func-
tion of several variables: BMI, duration of treatment,
and whether patients were on a standard 28-day infu-
sion cycle or a longer cycle. They found that lower
BMI was associated with a higher natalizumab level,
and that patients on longer dosing intervals have lower
mean natalizumab levels. We did not see an association
between BMI or a longer dosing interval and the pres-
ence of symptom recrudescence, which would argue
against its being strictly related to drug level. However, it
is difficult to draw firm conclusions from this subgroup
analysis because only 21 patients were on a dosing cycle
longer than 28 days. Anecdotally, some patients in the
study did report that they did not experience symptom
recrudescence on an every-4-weeks dosing schedule, but
they did experience it when they had a longer interval
between doses.
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Table 3. Scores for questionnaires assessing quality of life, fatigue, and depression for all
patients surveyed and the subgroups of those with and without symptom recrudescence, at first
and last weeks of the natalizumab dosing cycle

Those without symptom

All patients Those with symptom recrudescence recrudescence
First Last First Last First Last
Measure N week  week  Pvalue N week  week  Pvalue N week  week Pvalue
MSQOL-54 80 67.2 62.3 <.0001 47 66.3 58.6 <.0001 33 68.4 67.5 47
Physical Health (19.3) (19.7) (20.3) (19.3) 18.1)  (19.3)
Composite
Score
MSQOL-54 80 75.7 69.8 .001 47 78.5 69.0 <.0001 33 71.6 71.0 .76
Mental Health (19.4)  (20.5) (18.5) (21.1) (20.2)  (20.0)
Composite
Score
Fatigue VAS 79 39.7 48.9 .002 47 359 52.1 <.0001 32 453 443 .81
(27.2) (26.7) (26.6) (26.9) (27.6) (26.0)
FSS 78 4.25 4.62 .004 46 4.27 4.79 .0012 32 4.23 4.36 .50
1.67) (1.57) (1.75) (1.54) (1.57) (1.62)
BDI-II 67 9.58 11.6 .006 39 8.72 11.8 .007 28 10.8 11.5 43
(8.63) (8.47) (8.65) (8.37) (8.61) (8.75)
Abbreviations: BDI-Il, Beck Depression Inventory-ll; FSS, Fatigue Severity Scale; MSQOL-54, Multiple Sclerosis Quality of Life-54; VAS, visual
analog scale.

Notes: Data are given as mean (SD). P values are for comparisons of first and last week mean scores using a paired t test.

The cause of this symptom fluctuation during the
natalizumab dosing cycle is unknown, but several pos-
sibilities could be hypothesized. One possibility is that
it is due to a low level of CNS inflammation occurring
when natalizumab levels are lower. As serum natali-
zumab levels drop and 04 integrin saturation decreases,
it is possible that small numbers of leukocytes return to
the CNS. Natalizumab treatment has been associated
with a higher percentage of activated leukocytes in the
blood,'® so MS symptoms could be temporarily wors-
ened when small numbers of these cells migrate into
the CNS and release proinflammatory cytokines. In this
scenario, it is possible that a reason this phenomenon is
not experienced by some people is that they may main-
tain relatively higher drug levels or a higher level of 04
integrin saturation. This could be tested by measuring
serum natalizumab levels or receptor saturation at the
end of a cycle and seeing if it differs for patients with
EDI symptoms versus those without. A challenge to this
hypothesis is that many people feel improvement within
a day of receiving natalizumab, which is faster than we
may expect to see a reduction in the leukocyte levels in
the CNS. Also, the fact that EDI symptoms were not
more common in patients with higher BMI or longer
dosing interval argues somewhat against its being strictly

related to serum levels. A second possible mechanism
of this phenomenon would be that natalizumab may
affect the release of soluble factors. For example, release
of anti-inflammatory cytokines or corticosteroids could
also create a temporary alteration in symptoms. A third
possible contributor to this phenomenon is the placebo
effect. The expectation of feeling different soon after
receiving natalizumab may contribute to a subjective
improvement and later decline. Another possible factor
is that some patients were primed to expect to experi-

ence symptom recrudescence by hearing other patients

* Some MS patients receiving natalizumab will
experience a recrudescence of MS symptoms
toward the end of their dosing cycle, which is
reversed by natalizumab infusion.

® The most common symptoms reported to recur
are fatigue, weakness, walking impairment, and
cognitive dysfunction.

* When a natalizumab-reated patient reports neu-
rologic symptoms, one should consider this end of
dosing cycle effect as a possible cause once an
inflammatory relapse and infection are ruled out.
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in the infusion center discuss their experiences. How-
ever, the very similar findings seen in another study at
a different infusion center would argue against its being
specific to our center.'

A strength of this study is that a very high propor-
tion of the patients receiving natalizumab at our center
responded to the questionnaire about EDI symptoms
(95%), allowing us to estimate the prevalence of this
phenomenon without significant selection bias. Data
from multiple validated questionnaires confirmed the
finding that symptoms vary for many patients during
the natalizumab dosing cycle. A limitation of this study
is that the process of explaining the study to participants
may have biased them to be more likely to report EDI
symptoms. We attempted to mitigate this effect by hav-
ing only a single question on symptom recrudescence
within a larger initial questionnaire, so as not to draw
particular focus to that question. The patients were
recruited from an academic MS center, so they may
differ somewhat from those receiving natalizumab in a
different setting. However, we expect that these results
are generalizable to the larger population of MS patients
receiving natalizumab.

A significant proportion of patients receiving natali-
zumab will notice recurrence of symptoms such as
fatigue, weakness, gait difficulties, and cognitive dys-
function at the end of their dosing cycle. It is important
for natalizumab prescribers to be aware of this phenome-
non so that these symptoms are not mistaken for an MS
relapse. Understanding why serum natalizumab levels
affect MS symptoms may help us better understand the
fundamental cause of fluctuating chronic MS symptoms.
Additional studies of this phenomenon should focus on
the relation between EDI symptoms and serum or cere-
brospinal fluid levels of natalizumab and cytokines. [
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