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Abstract
Background: Patient-reported outcomes are increasingly used in the management of patients with mul-
tiple sclerosis to understand the patient’s perspective of disease and treatment. These measures provide
insights into important factors including treatment satisfaction, physical and psychological function, and
quality of life.
Objective: To present results from the real-world PRO-ACT study in patients with multiple sclerosis who
switched to alemtuzumab from another disease-modifying therapy.
Methods: This 24-month, prospective, multicenter, observational study had a primary endpoint of change
in overall satisfaction, measured using the Treatment Satisfaction Questionnaire for Medication (TSQM)
version 1.4. Secondary endpoints included the Multiple Sclerosis Impact Scale-29 (MSIS-29), Modified
Fatigue Impact Scale-5 (MFIS-5), and the Patient-Determined Disease Steps (PDDS). Safety was moni-
tored with adverse events (AEs).
Results: Of 199 enrolled patients, improvements were observed in mean TSQM scores for overall satis-
faction (baseline, 50.3; year 2,+ 13.2; p< 0.0001), effectiveness (49.3 and+ 12.2; p< 0.0001), and side
effects (77.6 and+ 4.5; p= 0.04). Improvements were also observed in MSIS-29 physical (52.4 and
−6.0; p< 0.0001), MSIS-29 psychological (53.4 and −7.0; p= 0.0003), and MFIS-5 (12.8 and −1.7;
p< 0.0001). Most (95.0%) patients experienced ≥ 1 AE (88.4% mild, 67.8% moderate).
Conclusions: The primary endpoint was met; the safety of alemtuzumab was consistent with pivotal
studies.
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Introduction
Relapsing-remitting multiple sclerosis (RRMS) is
characterized by discrete episodes of neurological
dysfunction that are initially followed by resolution.1

As the disease progresses, inflammation is sustained,
and neurologic function worsens.2 Patients often
develop chronic sequelae including muscle weakness,
impaired gait and mobility, bladder and bowel dys-
function, and cognitive and visual impairments.3

Symptoms and sequelae of MS affect patients’
social and work function and the ability to perform

daily activities, in turn reducing the quality of life
(QoL) for patients and caregivers.4–7

In the CARE-MS I (NCT00530348) and CARE-MS
II (NCT00548405) studies, patients who received
two courses of the disease-modifying therapy
(DMT) alemtuzumab demonstrated statistically signifi-
cant QoL improvements from baseline to year 2,8 and
significantly greater improvements in clinical and MRI
outcomes over 2 years versus subcutaneous interferon
(IFN)-β-1a.9,10 In a long-term extension of the

Creative Commons Non Commercial CC BY-NC: This article is distributed under the terms of the Creative Commons Attribution-NonCommercial 4.0
License (https://creativecommons.org/licenses/by-nc/4.0/) which permits non-commercial use, reproduction and distribution of the work without further

permission provided the original work is attributed as specified on the SAGE and Open Access page (https://us.sagepub.com/en-us/nam/open-access-at-sage).

Correspondence to:
Sibyl Wray,
Hope Neurology, 10810
Parkside Dr NW, Suite G15,
Knoxville, TN 37934, USA.
sewray@comcast.net

Sibyl Wray,
Hope Neurology, Knoxville,
TN, USA

Francois Jacques,
Clinique Neuro-Outaouais,
Gatineau, Canada

Tamara A Miller,
Advanced Neurology of
Colorado, Fort Collins, CO,USA

Original Research Article

Multiple Sclerosis Journal—
Experimental, Translational
and Clinical

October–December 2022,
1–10

DOI: 10.1177/
20552173221135888

© The Author(s), 2022.
Article reuse guidelines:
sagepub.com/journals-
permissions

https://orcid.org/0000-0001-5116-8776
https://orcid.org/0000-0002-6530-9370
https://creativecommons.org/licenses/by-nc/4.0/
https://creativecommons.org/licenses/by-nc/4.0/
https://us.sagepub.com/en-us/nam/open-access-at-sage
https://us.sagepub.com/en-us/nam/open-access-at-sage
mailto:sewray@comcast.net
https://us.sagepub.com/en-us/journals-permissions
https://us.sagepub.com/en-us/journals-permissions


CARE-MS studies, treatment efficacy, including QoL
outcomes, was maintained over an additional 4
years.11,12

Patient-reported outcomes (PROs) are increasingly
used in clinical practice to provide insight into the
patient’s perspective on disease management, includ-
ing treatment satisfaction, physical and psychological
function, and QoL.13,14 However, little is known
about how alemtuzumab treatment influences QoL
for patients in real-world settings, particularly among
those who switch to alemtuzumab from another
DMT. The PRO-ACT study was designed to systemat-
ically gather information on PROs from patients with
RRMS who switched from prior DMTs to alemtuzu-
mab in clinical practice. The study evaluated changes
in treatment satisfaction, QoL, and functional status
after switching to alemtuzumab, as well as the safety
of alemtuzumab, in a real-world setting.

Materials and methods

Study design
PRO-ACT was a 24-month, prospective, multicenter,
noninterventional, single-arm, observational study of
patients with RRMS who discontinued prior DMT
and were prescribed alemtuzumab in routine clinical
practice at neurological clinics in the United States
(US) and Canada.

Patients received two courses of intravenous (IV)
alemtuzumab 12 mg/day: Course 1 on 5 consecutive
days at baseline and Course 2 on 3 consecutive
days, 12 months later (Supplemental Figure 1).
Patients were monitored from alemtuzumab initiation
to 48 months after the last dose, according to the locally
approved alemtuzumab label and (at US sites) the Risk
Evaluation andMitigation Strategy. Safety was assessed
via ongoing monitoring of treatment-emergent adverse
events (TEAEs). Lymphocyte counts were assessed at
baseline and every 3 months thereafter until month 24
or end of study (EOS). Patients completed PRO tools
at baseline and months 6, 12, 18, and 24 or until EOS.

The study was conducted in accordance with the
Declaration of Helsinki and all applicable local,
national, and international regulations and guidelines.
All patients signed an informed consent form before
enrolling.

Participants
Adult patients with RRMS were invited by neurolo-
gists to participate in PRO-ACT after the decision
had been made to transition from previous DMT to

alemtuzumab (Supplemental Table 1). Patients were
ineligible to participate if they had previously
received alemtuzumab, were participating in another
investigational interventional study or had MRI evi-
dence of progressive multifocal leukoencephalopathy.
Enrolled patients who discontinued alemtuzumab
before month 24 could continue the study and com-
plete assessments through month 24.

Study endpoints
The primary endpoint was absolute change in overall
treatment satisfaction from baseline to month 24/
EOS, measured using the Treatment Satisfaction
Questionnaire for Medication (TSQM), version 1.4.13

Changes in TSQM subscales for treatment effective-
ness, side effects, and convenience were secondary
endpoints. Other secondary PRO endpoints included
changes from baseline to month 24/EOS in the
Multiple Sclerosis Impact Scale-29 (MSIS-29),15,16

Modified Fatigue Impact Scale-5 (MFIS-5),16 Patient-
Determined Disease Steps (PDDS),17 and Health-
Related Productivity Questionnaire-MS (HRPQ-MS)
version 2.18 Tertiary PRO endpoints included changes
from baseline to month 24/EOS in the Caregiver
Health-Related Quality of Life in MS (CAREQoL-
MS) questionnaire.19 Information was also collected on
the most recent prior DMT, duration of prior DMT,
and reason for switching to alemtuzumab.

Lymphocyte repopulation at 24 months was assessed
using total lymphocyte counts and CD4+ T-cell
counts. TEAEs were monitored throughout the
study and for 24 months after the last alemtuzumab
dose.

Sample size and statistical analyses
The study was planned to enroll 200 patients from
approximately 45 centers. This sample size provided
> 99% power to detect an overall change (improve-
ment) from baseline in TSQM using a null hypothesis
of no change versus baseline. The calculation
assumed a ≥ 10-point change from baseline with a
standard deviation (SD) of 20 using a paired t-test
that was 2-sided α of 5%. The study also had a high
power to show a change in each TSQM subscale.

All patients who received ≥ 1 alemtuzumab dose and
had an evaluable primary endpoint (i.e. who had base-
line and ≥ 1 post-baseline evaluation of TSQM
overall satisfaction) were included in analyses of
PRO endpoints. Safety analyses used data from all
patients who received ≥ 1 alemtuzumab dose.
Statistical analyses used a 5% significance level and
2-sided t-tests or 95% confidence interval (CI).
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Descriptive statistics, including mean, SD, median,
and 95% CI, were used for continuous variables;
count and percentage were used for categorical vari-
ables. The primary endpoint of TSQM change from
baseline to month 24/EOS was analyzed using a
mixed-effect model for repeated measures (MMRM)
that used fixed categorical effects of visit as the time
axis and was adjusted for the continuous covariate
of baseline score. An unstructured correlation matrix
was used to model within-person errors. Parameters
were estimated using restricted maximum likelihood
using the Newton–Raphson algorithm. Model-derived
least square (LS) means were reported. Secondary
PRO endpoints and lymphocyte counts were assessed
similarly to the primary endpoint. A sensitivity analysis
was conducted for the primary endpoint using a
paired t-test to compare the month 24/EOS value for
each patient versus their corresponding baseline
value. Descriptive summaries were used to analyze
CAREQoL-MS change and information about the
most recent DMT. Unless otherwise specified in a
PRO scoring method, missing data were not imputed
and were not counted in percentages.

Prespecified analyses for all PRO and safety out-
comes used subgroups defined according to the last
DMT received before alemtuzumab. Group 1 patients
had received natalizumab; group 2 received terifluno-
mide, dimethyl fumarate (DMF), fingolimod, or sipo-
nimod; and group 3 received IFN-β-1a, IFN-β-1b,
pegylated IFN-β-1a, or glatiramer acetate. Post hoc
analyses were also done for subgroups by patient
age (< median age, 43 years or ≥ median age), MS
duration (< 5 years, ≥ 5 to < 10 years, or ≥ 10
years), and use of assistive devices (unilateral brace,
bilateral brace, one cane, two canes, walker, wheel-
chair/scooter, etc.).

Results

Participants
Of 199 patients who enrolled and received ≥ 1 alem-
tuzumab dose, 170 (85.4%) completed the 24-month
study and were included in the evaluable population
(Supplemental Figure 2). Patient demographics and
disease characteristics are shown in Table 1. The
mean age was 43.7 years (range, 19–73). A majority
of participants were women (75.4%) and white
(85.9%), with a mean (SD) time since MS diagnosis
of 10.2 (7.5) years. Patients had mean (SD) 1.6
(1.6) relapses in the 2 years before study entry.
About two-thirds of patients had signs of MRI
disease activity at baseline. The mean (SD) follow-up
duration was 22.3 (5.0) months.

A total of 169 (99.4%) evaluable patients received a
prior DMT. For one patient, methylprednisolone
was incorrectly recorded as a prior DMT. Among eva-
luable patients, 35.9% received natalizumab; 39.4%
received either teriflunomide, DMF, fingolimod, or
siponimod; and 20% received IFN-β-1a, IFN-β-1b,
pegylated IFN-β-1a, or glatiramer acetate as most
recent DMT (Supplemental Table 2).

The median duration of the most recent DMT was
1.4 years, and the last DMT has discontinued at a
median of 1.8 months before entering the study.
Three-quarters (75.4%) of patients switched to alem-
tuzumab due to lack of efficacy of the previous DMT
and 15.6% switched for safety reasons.

Patient-reported outcomes

Primary endpoint. Patients reported a significant
increase in TSQM overall treatment satisfaction
score from baseline (mean [SD], 50.32 [28.65]) to
month 24/EOS (64.34 [26.50]) with alemtuzumab
(LS mean change, 13.15 [95% CI, 8.88–17.42]; p<
0.0001) (Figure 1a). TSQM global satisfaction
scores increased from baseline to month 6 (15.87,
95% CI: 11.95–19.80) and remained stable through
month 24/EOS. In the sensitivity analysis, the mean
(SD) change from baseline to month 24/EOS was
13.13 (36.77; p< 0.001). Results from subgroups
according to the most recent prior DMT were consist-
ent with the overall population except for group 1
(prior natalizumab), for whom no statistically signifi-
cant improvement over baseline was found (Figure 2).

Secondary and tertiary endpoints

TSQM subscales. Scores for the TSQM treatment
effectiveness subscale increased from a mean (SD) of
49.33 (24.84) at baseline to 61.40 (26.79) at month
24/EOS. By month 24/EOS, LS mean change from
baseline was 12.24 (95% CI, 7.99–16.50; p<0.0001)
(Figure 1b). Improvements were observed at 6 months,
with scores remaining stable thereafter. In subgroup ana-
lyses by prior DMT, results for groups 2 and 3 were con-
sistent with the overall population, but no change was
observed for group 1 (Supplemental Figure 3).

On the treatment-related side effects subscale, patients
in the overall population reported improvements from
baseline (mean [SD], 77.60 [31.92]) to month 24/EOS
(82.57 [26.63]), with a significant LS mean change to
month 24/EOS of 4.5 (95% CI, 0.19–8.81; p=
0.0410) (Figure 1c). Subgroup analyses by most
recent prior DMT found statistically significant
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Table 1. Patient demographics and baseline disease characteristics, pharmacodynamics parameters, and PRO
scores.

Parameter

Number (%)
of patients
contributing
data (N= 199)a

Mean (SD)
or n (%)

Demographics
Age, years, mean (SD) 43.7 (10.6)
Female, n (%) 150 (75.4)
White, n (%) 171 (85.9)
Smoking statusb

Current smoker, n (%) 198 (99.5) 42 (21.2)
Former smoker, n (%) 198 (99.5) 49 (24.7)
Never smoker, n (%) 198 (99.5) 107 (54.0)
Time smoking, years, mean (SD) 86 (85.6) 17.5 (10.9)
Number of cigarettes/cigars/pipes per day, mean (SD) 86 (85.6) 12.7 (9.7)

Baseline disease characteristics
Duration of MS, years, mean (SD) 10.2 (7.5)
Number of relapses in the last 2 years, mean (SD) 195 (98.0) 1.6 (1.6)

Time since the last relapse, years, mean (SD) 172 (86.4) 1.2 (2.0)
Patients using any assistive devices, n (%)c 82 (41.2)

One cane, n (%) 40 (20.1)
Wheelchair/scooter, n (%) 29 (14.6)
Walker or two canes, n (%) 29 (14.6)
Unilateral brace, n (%) 2 (1.0)
Bilateral brace, n (%) 2 (1.0)
Other, n (%) 1 (0.5)

Patients with MRI disease activity, n (%) 195 (98.0) 136 (69.7)
EDSS score, mean (SD) 66 (33.2) 3.6 (1.9)

EDSS score ≥ 5, n (%) 66 (33.2) 21 (31.8)
Patients who received prior DMTs, n (%) 198 (99.5)d

Years on most recent prior DMT, mean (SD) 2.5 (2.7)
Months since discontinuation frommost recent prior DMT,mean (SD) 4.0 (8.9)

Baseline pharmacodynamics
Total lymphocyte count (109/L), mean (SD) 186 (93.5) 2.2 (1.3)
CD4+ T-cell count (109/L), mean (SD) 79 (39.7) 1.0 (0.5)

Baseline PRO scores
TSQM V1.4

Overall satisfaction score, mean (SD) 179 (89.9) 49.9 (28.6)
Effectiveness score, mean (SD) 176 (88.4) 49.6 (24.5)
Side effects score, mean (SD) 177 (88.9) 77.4 (31.9)
Convenience score, mean (SD) 179 (89.9) 70.0 (21.8)

MSIS-29
Physical subscale score, mean (SD) 194 (97.5) 51.6 (25.4)
Psychological subscale score, mean (SD) 189 (95.0) 52.3 (24.7)

MFIS-5, mean (SD) 193 (97.0) 12.7 (5.0)
PDDS, mean (SD) 188 (94.5) 3.1 (2.1)

aThe number of patients contributing data to a parameter is indicated if it differs from the overall study population (N= 199).
bData related to smoking are from current or former smokers.
cPatients could choose > 1 option.
dOne patient received methylprednisolone which was incorrectly recorded in the electronic case report form as a prior DMT.
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improvements for patients in group 3, but not groups
1 and 2 (Supplemental Figure 3).

The treatment convenience subscale showed
improvement from baseline (mean [SD], 70.26
[22.31]) to month 6 (LS mean change, 3.4 [95% CI,

0.31–6.43]), but by month 24/EOS convenience
scores had returned to near baseline (mean [SD],
70.90 [21.29]; LS mean change, 0.3 [95% CI,
−3.07 to 3.56]; p= 0.88) (Figure 1d). Subgroup
results were consistent with the overall population
(Supplemental Figure 3).

Figure 1. Least squares mean changes in TSQM scores for (a) global satisfaction, (b) effectiveness, (c) side effects, and (d)
convenience. The TSQM version 1.4 scale is 0-100. Statistical significance was tested only at M24/EOS. One patient was
excluded from the MMRM analysis because methylprednisolone was incorrectly recorded in the electronic case report form
as a prior DMT. LS mean changes are estimated from mixed effects models with study visit as the time axis with adjustment
for baseline scores; an unstructured correlation matrix was used to model within-person correlations.
BL: baseline; M: month; TSQM: Treatment Satisfaction Questionnaire for Medication; MMRM: mixed-effect model for
repeated measures; DMT: disease-modifying therapy; EOS: end of study; LS: least square.

Figure 2. Least squares mean changes in TSQM global treatment satisfaction by a subgroup of most recent prior
disease-modifying therapy. Prior therapies were (a) natalizumab; (b) teriflunomide, dimethyl fumarate, fingolimod, or
siponimod; or (c) IFN-β-1a, IFN-β-1b, pegylated IFN-β-1a, or glatiramer acetate (MMRM analysis). The TSQM version 1.4
scale is 0-100. One patient was excluded from the MMRM analysis because methylprednisolone was incorrectly recorded in
the electronic case report form as a prior DMT. LS mean changes are estimated from mixed effects models with study visit as
the time axis with adjustment for baseline scores; an unstructured correlation matrix was used to model within-person
correlations.
BL: baseline; EOS: end of study; M: month; TSQM: Treatment Satisfaction Questionnaire for Medication; IFN:
interferon; MMRM: mixed-effect model for repeated measures; DMT: disease-modifying therapy; LS: least square.
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MSIS-29. Physical functioning (MSIS-29 physical
subscale) improved, with scores reduced from the
mean (SD) 52.42 (25.54) at baseline to 46.07
(26.43) at month 24/EOS (LS mean change, −6.04
[95% CI, −8.94 to −3.14]; p< 0.0001) (Figure 3a).
In subgroup analyses by prior DMT, groups 2 and 3
had results consistent with the overall population,
but no significant improvement was found for group
1 (Supplemental Figure 4).

Psychological functioning (MSIS-29 psychological sub-
scale) improved, with scores reduced from a mean (SD)
of 53.37 (25.02) at baseline to 44.83 (26.91) at month
24/EOS (LS mean change, −7.01 [95% CI, −10.72 to
−3.29]; p=0.0003) (Figure 3b). Improvements in psy-
chological functioning were consistent in the prior DMT
subgroups (Supplemental Figure 4).

MFIS-5. Patient-reported fatigue, measured using the
MFIS-5, decreased from a mean (SD) of 12.79 (4.98)
at baseline to 10.96 (5.07) at month 24 (LS mean
change, −1.7 [95% CI, −2.43 to −1.04]; p< 0.0001)
(Figure 3c). Subgroup analyses by prior DMT were
consistent with the overall population (Supplemental
Figure 5).

PDDS. Mean (SD) PDDS score, an assessment of
disability progression, remained constant throughout
the study (baseline, 3.09 [2.12]; month 24/EOS,
3.27 [2.25]; LS mean change, 0.12 [95% CI, −0.12
to 0.36]; p= 0.32). Subgroup analyses by prior
DMT were consistent with the overall population
(Supplemental Figure 5).

HRPQ-MS. Patients reported a significant decrease
in the amount of work productivity lost per week

(LS mean change, −4.04 h ([95% CI, −6.348 to
−1.735]; p= 0.0010), from mean (SD) 11.4 (12.96)
hours at baseline to 8.0 (12.20) hours at month 24/
EOS (Supplemental Table 3). In subgroup analyses
by prior DMT, group 3 had a statistically significant
LS mean reduction in lost productivity (−7.43 h
[95% CI, −10.935 to −3.929]; p= 0.0009), compared
to −2.2 and −2.4 h for groups 1 and 2, respectively
(Supplemental Table 4). Mean (SD) hours of house-
hold productivity lost per week decreased from 5.9
(7.63) at baseline to 5.1 (6.08) at month 24/EOS
(LS mean change, −1.27 h [95% CI, −2.397, −0.145];
p=0.0273).

CAREQoL-MS. We observed minimal changes in
caregiver burden, although sample sizes for these ana-
lyses were small (Supplemental Table 5).

PRO results from additional subgroup analyses
The results for subgroups defined by the use of assist-
ive devices, MS duration, and patient age are shown
in Supplemental Figures 6 to 14. Improvements
from baseline to year 2 were observed for the
TSQM overall treatment satisfaction score and
TSQM effectiveness subscale for all patient subgroups,
except for patients who used wheelchairs or scooters,
or patients who had MS for ≥ 5 to < 10 years. The
TSQM side effects subscale improved from baseline
to year 2 in patients who did not use assistive
devices, who had MS for < 5 years or ≥ 10 years,
and who were ≥ the median age of 43 years. Similar
to the overall population, no subgroup demonstrated
improvement in the TSQM convenience subscale.

For the MSIS-29 physical subscale, improvement was
observed from baseline to year 2 in all subgroups

Figure 3. Least squares mean change in (a) MSIS-29 physical subscale, (b) MSIS-29 psychological subscale, and (c)
MFIS-5 (MMRM analysis). One patient was excluded from the MMRM analysis because methylprednisolone was
incorrectly recorded in the electronic case report form as a prior DMT. LS mean changes are estimated from mixed effects
models with study visit as the time axis with adjustment for baseline scores; an unstructured correlation matrix was used to
model within-person correlations.
BL: baseline; EOS: end of study; M: month; MSIS-29: Multiple Sclerosis Impact Scale-29; MFIS-5: Modified Fatigue
Impact Scale-5; MMRM: mixed-effect model for repeated measures; DMT: disease-modifying therapy; LS: least square.
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except patients who used wheelchairs or scooters and
those who had MS for < 5 years or ≥ 5 to < 10 years.
Improvements in the MSIS-29 psychological subscale
were found for all subgroups except patients who
used any assistive devices, who used wheelchairs or
scooters, and who had MS for > 5 to ≤ 10 years.
For the MFIS-5, improvements from baseline to
year 2 were found for all subgroups except patients
who used wheelchairs or scooters. No subgroup
demonstrated improvement over time in the PDDS
scale.

Lymphocyte counts
The mean (SD) lymphocyte counts reduced sharply
from baseline (2.22 [1.27]× 109/L) to month 3 (0.58
[0.30]× 109/L) before partial recovery; levels then
remained relatively stable through month 24/EOS
(1.12 [0.54]× 109/L) (Supplemental Figure 15). A
similar pattern was observed for the mean (SD)
CD4+ T-lymphocyte counts, with a baseline level of
0.96 (0.55)× 109/L reduced to 0.08 (0.06)× 109/L at
month 3 and 0.30 (0.24)× 109/L at month 24/EOS.

Safety
Nearly all (95.0%) patients experienced ≥ 1 TEAE
(Table 2); 88.4% reported ≥ 1 mild TEAE and 67.8%
reported ≥ 1 moderate TEAE. TEAEs occurring in
≥10.0% of patients were headache (45.2%), fatigue
(28.6%), nausea (28.6%), urinary tract infection
(26.1%), rash (24.6%), MS relapse (19.1%), insomnia
(16.6%), pyrexia (16.6%), pain (13.6%), pruritus
(12.6%), flushing (12.1%), back pain (12.1%), muscle
spasms (11.6%), pain in extremity (11.1%), depression
(11.1%), and diarrhea (10.6%). Thirty-five patients
(17.6%) had ≥1 serious TEAE, which were primarily
infections and infestations (6.5%), and nervous
system disorders (3.0%). AEs of special interest were
reported for 18.6% of patients, most of which were
endocrine disorders (10.1%) (Supplemental Table 6).
Four deaths occurred during the study, due to pancyto-
penia, febrile neutropenia, metabolic encephalopathy,
and acute kidney injury (n= 1); MS complications (n
= 1); suicide (n= 1); and unknown cause (n= 1).
Although none of the deaths were overall considered
related to alemtuzumab treatment, the pancytopenia in
one of the patients was deemed related to alemtuzumab.
The safety profile was generally consistent across sub-
groups of patients according to the most recent prior
DMT. No new or unexpected safety findings were
reported during the study.

Discussion
Significant increases were reported in overall treatment
satisfaction, which were assessed via the TSQM after

24 months of alemtuzumab treatment. The overall
population also reported improvements compared
with the baseline in aspects of treatment satisfaction
(e.g. effectiveness, side effects), physical functioning,
fatigue, and work and household productivity. In
many cases, the changes were observed at the first
follow-up study visit (6 months) following alemtuzu-
mab treatment and were maintained throughout the
study. Furthermore, the disability level as assessed by
the PDDS remained stable, with no progression occur-
ring over 2 years. These observations occurred in the
context of a safety profile for alemtuzumab that was
consistent with previous experience. Moderate AEs
occurred in most PRO-ACT patients (67.8%), albeit
at a lower incidence compared with the CARE-MS
studies (92.2% for alemtuzumab 12-mg patients in
CARE-MS II who received prior DMT).20 The most
common moderate AEs in PRO-ACT included head-
ache, nausea, and fatigue, which were also among the
most frequent infusion-associated reactions in the
CARE-MS studies,21 as well as urinary tract infections.
The PRO-ACT death rate (10.8 per 1000 patient-years)
was not higher than expected: the mortality rate in MS
patients from a nationally representative US sample was
23.3 per 1000 person-years, although some of this dif-
ference likely reflects the higher mean age (56.8 years)
in that study compared with PRO-ACT (43.7 years).22

Table 2. Incidence of AEs.

Adverse event
All patients
(N= 199)

Any treatment-emergent AE 189 (95.0)
Treatment-emergent serious AEa 35 (17.6)
Treatment-emergent AE leading
to permanent treatment
discontinuation

1 (0.5)

Deathb 4 (2.0)

AE: adverse event.
Data are n (%) of patients.
aOne myocardial infarction occurred approximately 8
months after the first alemtuzumab course and no strokes
or arterial dissections were reported.
bCauses of death were unknown (n= 1); suicide (n= 1);
severe acute kidney injury, febrile neutropenia,
metabolic encephalopathy, and pancytopenia 14 months
after starting treatment with alemtuzumab (n= 1;
pancytopenia was deemed related to alemtuzumab
treatment by the investigator); and multiple sclerosis
complications 20 months after starting treatment with
alemtuzumab (n= 1; deemed unrelated to alemtuzumab
treatment by the investigator).
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Patients who were previously treated with DMT
(group 2: teriflunomide, dimethyl fumarate, fingoli-
mod, and siponimod; group 3: interferons and glatir-
amer acetate) had improvement that was similar to
the overall population. In contrast, patients in group
1 (36.1% of patients), who received natalizumab as
the most recent prior DMT, were less likely to
report changes in treatment satisfaction or physical
functioning. PROs with natalizumab have been
largely positive,23 and baseline scores for this sub-
group were higher than for groups 2 and 3. These
reasons might explain why patients who switched
from natalizumab to alemtuzumab did not report
further improvements in many PRO domains.

Patients who used wheelchairs or scooters also did not
report improvements in PRO scores in our study,
although sample sizes in this subgroup were small. In
many cases, disease symptoms for such patients are
already moderate or severe,24 and a change in DMT
might be insufficient to elicit noticeable improvement
in the PRO measures assessed in our study. For these
patients, the combination of a DMT with rehabilitation
interventions may be required to achieve noticeable
improvements in QoL, function, and treatment satisfac-
tion.25,26 Patients who had MS for > 5 but ≤ 10 years
also showed little improvement in PRO scores, with
the exception of fatigue (MFIS-5). Notably, patients
in this subgroup had the highest baseline scores for
the TSQM; this finding supports the notion that
patients who are relatively satisfied with their prior
treatment continue to be satisfied after switching.

The primary limitation of our study is the absence of a
comparator group. Our study has several notable
strengths. To our knowledge, this study is the first to
assess PROs for patients who switch to alemtuzumab
treatment. Second, we used validated PROs, some of
which were specific to MS, to assess patient perspec-
tives of their disease treatment. Third, the multicenter,
medical practice setting, with broad inclusion criteria,
may more closely reflect a real-world population and
increases the generalizability of these results.

In conclusion, patients with RRMS reported increased
treatment satisfaction, improvements in physical
functioning and fatigue, and less time lost to product-
ivity after switching to alemtuzumab. Improvements
were generally seen by 6 months and were maintained
for up to 2 years after switching treatment. Findings
from PRO-ACT may inform discussions between
patients and providers regarding patient expectations
for treatment satisfaction, physical and psychological
function, and QoL improvements.
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