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Abstract

This was a substudy of a randomized, double-blind, placebo-controlled trial originally designed to explore the effect of
dalfampridine on information processing speed (2013-002558-64 EU Clinical Trials Register) in patients with multiple sclerosis
(MS). A total of 120 patients were originally randomized in a 2:1 ratio to receive dalfampridine 10 mg or placebo twice daily for
12 weeks. Here, we sought to explore the effect of dalfampridine on static balance in single-task and dual-task conditions in a
subgroup of 41 patients. They underwent static posturography in quiet standing (single-task) and while performing the Stroop test
(dual-task) at randomization (baseline), after 12 weeks and after a 4-week wash-out period. Baseline characteristics of active
group (n = 27) did not differ from those of placebo group (n = 14). Dalfampridine treatment was associated with better balance
control than placebo in both single-task (F = 4.80, p = 0.034) and dual-task (¥ = 6.42, p = 0.015) conditions, with small-to-
moderate effect sizes (Cohen’s £ = 0.122-0.162). The beneficial effect of dalfampridine was not retained 4 weeks after its
discontinuation. The rate of accidental falls per month did not differ between the two groups (p = 0.12). Our preliminary findings
suggest that dalfampridine can be considered a potential option to treat balance impairment due to MS. Larger sample sizes are
needed to verify if the beneficial effect of dalfampridine on balance can be translated into a reduced risk of accidental falls.
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Introduction present deficit in sustained attention, as detected with the
Symbol Digit Modalities Test (SDMT) [1]. Impairment in

In a double-blind, randomized, placebo-controlled trial (2013- sustained attention was defined as a score in the SDMT below

002558-64 EU Clinical Trials Register), we recently provided
class I evidence that dalfampridine improves information pro-
cessing speed in patients with multiple sclerosis (MS) who
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the 10th percentile of normative values of the Italian
Population [2].

Attention and executive functions play a crucial role in
balance control and gait, especially when a motor task is
performed simultaneously to a cognitive task that can un-
mask the so-called cognitive-motor interference phenom-
enon [3, 4]. This raises the hypothesis of an overlap be-
tween network subserving some cognitive functions and
postural control [4—6]. Impaired attention and verbal flu-
ency have been associated with increased risk of acciden-
tal falls in patients with MS [7], likely due to damage to
areas of the central nervous system that not only are cru-
cial for gait and postural control [6, 8] but also are in-
volved in cognitive processes [9].

Unfortunately, no pharmacological treatment is avail-
able today for balance impairment due to MS. On the
basis of its beneficial effect on information processing
speed, our work hypothesis is that dalfampridine can po-
tentially have an effect even on balance, as previously
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suggested [10—13]. Here, we report the findings of a
substudy aimed at exploring the effect of dalfampridine
versus placebo on balance in a subgroup of patients who
participated in the original trial [1].

Methods
Study Design

This was a substudy of a randomized, double-blind, placebo-
controlled trial in which 120 patients with MS were random-
ized in a 2:1 ratio to receive dalfampridine 10 mg or placebo
twice daily for 12 consecutive weeks [1]. The trial was con-
ducted in accordance with the Declaration of Helsinki and its
subsequent amendments, Good Clinical Practice, and applica-
ble regulatory requirements. The protocol was approved by
the Ethical Committee of Sapienza University in Rome and
registered on EU Clinical Trials Register with the number
2013-002558-64. All patients signed an informed consent pri-
or to any study-related procedure.

Eligibility criteria included the following: (i) diagnosis of
MS according to the revised McDonald criteria [14], regard-
less of disease course (relapsing—remitting, primary progres-
sive, or secondary progressive) [15]; (ii) age ranging from 18
to 65 years (inclusive); (iii) no clinical relapse in the previous
60 days; (iv) no moderate or severe depression according to
Beck Depression Inventory-1I (BDI-II), corresponding to a
cutoff score of 19 [16]; (v) no history of psychiatric illnesses;
(vi) no history of seizures; (vii) no therapy change or intro-
duction of new drugs in the previous month, including medi-
cation for mood, fatigue, or cognition. Further details on the
inclusion/exclusion criteria and study design are published
elsewhere [1].

As additional criteria to be included in this substudy,
patients were also required to be able to stand upright for
at least 180 s without any support and to be still ambulant,
i.e., scoring less than 6.0 at the Expanded Disability
Status Scale (EDSS) [17].

Patients from the original trial who agreed to participate in
this substudy were evaluated with static posturography in qui-
et standing (single-task) and while performing the Stroop test
(dual-task) according to an established experimental design
[5] by using a laboratory-grade force platform (ProKin PK-
254P, Tecnobody, Bergamo, Italy; http://www.tecnobody.it).
Patients were instructed to maintain their balance for 30 s as
steady as possible under eyes opened (single-task condition)
and while performing the Stroop test (dual-task condition)
presented on a printout located 2 m from the force platform.
They were evaluated at randomization (baseline or T0), at the
end of the 12-week period of treatment with dalfampridine or
placebo (T1), and after 4 weeks of wash-out period (T2).

We established the protocol for collecting posturographic
data when the enrolment for the original trial had already been
started; therefore, participation in this substudy was not of-
fered to all patients recruited in the original trial.

Endpoints

The main endpoint was the postural sway in single-task and
dual-task conditions detected at static posturography, i.e., the
sum of displacements (millimeters) of the body’s center of pres-
sure on a standard force platform measured in 30 s; larger sway
indicates worse standing balance [5]. Static posturography pro-
vides computer-based and objective instrumented measure-
ments of balance that are highly reliable [18-20] and valid,
not only in differentiating healthy controls from patients with
MS [21] but also in stratifying patients at different levels of
disabilities [22, 23]. Furthermore, static standing balance mea-
surements are more sensitive and accurate than common clini-
cal scales in predicting future accidental falls [18]. On the other
hand, data on minimal detectable change and minimal impor-
tance difference for posturographic measures are still lacking.

As additional endpoint, we considered the number of acci-
dental falls collected by patient diary.

Statistical Analysis

Given the exploratory nature of this study, neither sample
size estimation nor correction for multiplicity was done.
Between-group baseline differences were tested by the
Mann—Whitney U test or the Fisher test for continuous
and categorical variables, respectively. Semiparametric re-
peated measures analyses of variance (RM-ANOVAs) were
carried out to explore the interaction effect of time by
group (dalfampridine vs. placebo) on postural sway in
single-task and dual-task conditions (dependent variables).
Semiparametric RM-ANOVAs were based on ranks to test
differences in the distribution of data, thus providing more
robust results [24]. Given that Mauchly’s test indicated that
the sphericity assumption of RM-ANOVAs had been vio-
lated (x* > 20.1, p < 0.001), we applied the lower-bound
correction. Effect size (ES), expressed as Cohen’s £, was
also reported. Between-group difference in the incidence
rate ratio (IRR) of accidental falls per month was investi-
gated by a Poisson regression model. Correlations between
change in postural sway and number of accidental falls
were tested by the Spearman rank coefficients. Lastly, we
explored whether the response to dalfampridine according
to SDMT (defined as an increase > 4 points in the raw
score [25]) correlated with improvement in postural sway.
p values less than 0.05 in either direction were considered
as statistically significant.
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Results

A total of 120 patients were randomized in the original trial; of
them, 41 (27 women and 14 men) agreed to participate in the
additional balance evaluations (see the study flowchart in Fig.
1). They had a mean =+ standard deviation (SD) age of 51 + 7.7
years, disease duration of 17.0 + 9.6 years, and median EDSS
score of 4.0 (interval, 1.5 to 5.5). There was no significant
difference between the 41 patients enrolled in this substudy
and those who did not (z = 79) in terms of sex, age, formal
education, and disease duration, whereas excluded patients
had a worse EDSS score (p < 0.05). No patients with primary
progressive disease course participated in this substudy.
Demographic and clinical characteristics at study enrolment
were well balanced across groups (Table 1). The summary of the
main study findings is shown in Table 2. We found a significant
effect of time by group interaction in both single-task condition
(F=4.80, p = 0.034; ES = 0.122) and dual-task condition (F' =
6.42, p = 0.015; ES = 0.162) on postural sway; this indicates a
balance improvement in the active group but not in the placebo
group at T1, whereas the between-group difference was no

longer significant at T2 (Fig. 2). Postural sway in the single-
task condition did not merely return to baseline values, but wors-
ened slightly after the wash-out period in the active group, where-
as there was a nonsignificant trend towards balance worsening
under both single-task and dual-task conditions in the placebo
group over the entire study period (see also Fig. 2). These latter
findings were mainly attributable to balance deterioration in pa-
tients with secondary progressive disease course.

The rate of accidental falls per month was higher in the
placebo group than that in the active group (0.33 vs. 0.22),
but there was no significant between-group difference (IRR =
1.5, p = 0.12). However, we found that the more the improve-
ment (reduction) in postural sway under dual-task condition at
T1, the fewer the number of accidental falls over the entire
study period in the active group (p = — 0.41, p = 0.035).
Accordingly, there was a direct correlation between the wors-
ening (increase) in postural sway under the dual-task condi-
tion and the number of accidental falls occurred over the entire
study period in the placebo group (p = 0.62, p = 0.018).
Changes in postural sway under the single-task condition did
not correlate with accidental falls in both groups.

Assessed for eligibility
(n=208)

Excluded (n = 88)

«Not meeting inclusion criteria (n = 76)

+Declined to participate (n = 9)

«Other reasons (n = 3)

Randomized
(n=120)

|

*Refused to continue (n = 5)

Fig. 1 Study flowchart of patients’ disposition
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Dalfampridine Placebo
ALLOCATION
(n=80) (n=40)
Drop-outs (n = 10) Drop-outs (n = 3)
*Adverse events (n = 5) ~— —>| +Adverse events (n = 1)

Dalfampridine Placebo
ORIGINAL ANALYSIS
(n=70) (n=37)
Excluded from sub-study (n = 43) Excluded from sub-study (n = 23)
*Not offered (n = 32) *Not offered (n = 17)
— —
* Declined to participate (n = 7) «Declined to participate (n = 4)
* Not meeting additional inclusion criteria (n = 4) «Not meeting additional inclusion criteria (n = 2)
Dalfampridine Placebo
SUB-STUDY ANALYSIS
(n=27) (n=14)

!

*Refused to continue (n = 2)
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Table 1 Characteristics of study
sample at randomization (n = 41)

Dalfampridine Placebo
N 27 14
Female:male, n 18:9 9:5
Age, years 51.3(7.1) 50.3 (8.9)
Body mass index, kg/m2 22.6(3.2) 24.6 (4.7)
Formal education, years 12.7 (4.0) 14.4 (3.1)
Disease duration, years 18.7 (9.6) 14.4 (9.4)

Median (interval) EDSS score

Relapsing—remitting:secondary progressive disease course, 1

Postural sway (single-task), mm

Postural sway (dual-task), mm

Median (interval) self-reported accidental falls in the past three months

4.0 (1.5t05.5)
24:3

4.0 (2.0 t0 5.5)
12:2

361 (196) 348 (198)
475 (252) 444 (243)
0 (0 to 10) 05(0to7)

EDSS = Expanded Disability Status Scale. Values are mean (+ standard deviation), unless indicated otherwise; all

p values > 0.2

Overall, we classified 26 out of 41 patients (63.4%) as
responders to dalfampridine according to SDMT: 20 in the
active group and 6 in the placebo group (p = 0.049).
Postural sway improved in dalfampridine responders than in
nonresponders under both single-task condition (mean + SD
changes, — 15.6 £26.2 versus — 0.6 +£ 38.3 mm; p = 0.056) and
dual-task condition (mean + SD changes, — 22.1 +45.0 versus
14.1 £ 56.8 mm; p = 0.062).

Discussion

This study suggests that, among patients with MS and impaired
sustained attention, a 12-week treatment with dalfampridine is
associated with more improved standing balance than placebo
under both single-task and dual-task conditions (class II evi-
dence). However, the effect of dalfampridine on standing balance
was only small to moderate and did not translate directly into a
reduced incidence of accidental falls. This latter finding confirms
the multifactorial causes underlying accidental falls in MS, which
goes beyond the mere deficit in postural control [26]. On the

other hand, we also found an indirect relationship between im-
proved postural control and accidental falls that encourages fur-
ther investigation. In this regard, the present study allows a cor-
rect estimation for calculating the sample size of a hypothetical
trial aimed at exploring the effect of dalfampridine on accidental
falls. Interestingly, we found that patients classified as responders
according to SDMT [25] improved also their postural sway, thus
further corroborating the hypothesis of an overlap between brain
network subserving sustained attention and postural control [3—6,
9]. Another possible explanation that connects the concomitant
improvement in balance and information processing speed is the
possibility of enhanced visual acuity and ocular motor functions
promoted by dalfampridine [27, 28]. In fact, if on one hand
patients with MS are strictly dependent on visual cues while
maintaining their balance [21, 29], on the other hand, visual
scanning is essential for SDMT execution [25].

As observed for information processing speed [1], the im-
provement in postural control was not retained after treatment
discontinuation. This is expected given the prompt and reversible
proposed mechanism of action of dalfampridine involving an
enhanced conduction in demyelinated pathways via blockade

Table 2 Summary of study
findings (n = 41)

TO T1 T2
Single-task condition
Absolute value, mean (SD) Dalfampridine (n = 27) 361 (196) 325 (174) 386 (199)
Placebo (n = 14) 348 (198) 362 (201) 381 (201)
Mean change from baseline, % Dalfampridine (n = 27) N/A -98 +6.9
Placebo (n = 14) +4.0 +9.5
Dual-task condition
Absolute value, mean (SD) Dalfampridine (n = 27) 475 (252) 430 (239) 481 (266)
Placebo (n = 14) 444 (243) 475 (277) 488 (241)
Mean change from baseline, % Dalfampridine (n = 27) N/A -95 +13
Placebo (n = 14) +7.0 +9.9

SD = standard deviation
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Fig. 2 Postural sway variations @ Dalfampridine @ Placebo
over the study period (primary 700 -
endpoint), expressed as mean and
95% confidence intervals. *p < 650 +
0.05 versus TO 600
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£ 550
3 500 -
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= 450 -
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@ 400 -
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o
350 -
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TO T1 T2 TO T1 T2

SINGLE-TASK CONDITION

of voltage-dependent potassium channels. Regarding the im-
provement in balance control, whose efficiency is strictly depen-
dent on cerebellum and its connections, we acknowledge that
dalfampridine is also capable to modulate the Purkinje cell excit-
ability and to normalize the irregular firing rate, so that the inhib-
itory influence of the cerebellar cortex on vestibular and deep
cerebellar nuclei is restored [30-33].

We observed a trend towards balance deterioration in the
placebo group over the entire study period, in spite of its short
duration (16 weeks). In this regard, we should take into ac-
count that computer-based measures of balance and gait are
more sensitive to subtle clinical progression related to neuro-
degenerative processes than EDSS and other clinical scales
[34, 35]. In the active group, measures of postural sway (es-
pecially under single-task condition) did not return to baseline
level, but deteriorated slightly during the wash-out period after
dalfampridine interruption. This latter phenomenon has been
already described in a previous study in which discontinuation
of treatment resulted in worsening beyond pretreatment level
of self-reported walking ability [11]. The inclusion of patients
with progressive disease course would explain these findings
in the aforementioned MOBILE trial [11] and even in our
study.

Data from the present study should be interpreted cau-
tiously, as the original trial was not designed to explore the
effect of dalfampridine on balance. Participants were orig-
inally selected by the presence of deficit in sustained atten-
tion [1] and static posturography assessment was reserved
only to patients able to stand upright for at least 180 s [5],
thus providing data on subjects with a relatively advanced
disability. Therefore, while being encouraging, our find-
ings should be considered only preliminary and cannot be
generalized to all patients with MS. Moreover, the sample
size was smaller than that of the original trial, thus leading
to reduced statistical power.

@ Springer

DUAL-TASK CONDITION

In conclusion, dalfampridine may represent a potential op-
tion to treat balance impairment due to MS. However, given the
number of potential methodological weaknesses and the lack of
a direct effect on accidental falls, our study is not conclusive.
Therefore, the role of dalfampridine in the management of MS-
related balance impairment deserves future research based on
larger sample size and/or longer term follow-up.
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