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ABSTRACT

Introduction: In clinical trials of alemtuzumab,
autoimmune thyroid adverse events (AEs) were
frequent. Here, we assess the impact of thyroid
AEs on health-related quality of life (HRQL) in

alemtuzumab-treated patients with relapsing-
remitting multiple sclerosis (RRMS).
Methods: In phase 3 CARE-MS I (NCT00530348)
and II (NCT00548405) trials, patients with
RRMS were administered alemtuzumab
12 mg/day on 5 consecutive days at baseline
and on 3 consecutive days 12 months later.
Patients could participate in an extension study
(NCT00930553) through year 6. HRQL was
assessed at baseline and annually using the
Functional Assessment of Multiple Sclerosis
(FAMS), EuroQoL-5 Dimension Visual Analog
Scale (EQ-5D VAS), and 36-Item Short-Form
Survey (SF-36) questionnaires. Outcomes were

Digital features To view digital features for this article
go to https://doi.org/10.6084/m9.figshare.12229493.

Electronic supplementary material The online
version of this article (https://doi.org/10.1007/s40120-
020-00191-7) contains supplementary material, which is
available to authorized users.

A. Bertolotto (&)
SCDO Neurologia-CRESM (Centro Riferimento
Regionale Sclerosi Multipla), University Hospital
San Luigi Gonzaga, Orbassano, Turin, Italy
e-mail: antonio.bertolotto@gmail.com

R. Arroyo
Hospital Universitario Quirónsalud Madrid, Madrid,
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analyzed in patients with or without thyroid
AEs (nonserious or serious). A subset of patients
with thyroid AEs was analyzed to assess HRQL
before and during the onset of thyroid AEs.
Results: A total of 811 CARE-MS patients were
treated with alemtuzumab. Of these, 342 (42%)
patients experienced thyroid AEs over 6 years;
serious thyroid AEs occurred in 44 (5%)
patients. At year 6, HRQL outcomes generally
remained slightly improved or similar to core
study baseline in alemtuzumab-treated patients
with or without thyroid AEs: FAMS (least-
squares mean change from baseline without
thyroid AEs, 0.7; with nonserious thyroid AEs,
5.1; with serious thyroid AEs, - 5.3), EQ-5D
VAS (2.0; 3.0; - 6.8), SF-36 mental component
summary (MCS [0.6; 1.6; - 2.8]), SF-36 physical
component summary (PCS [0.8; 1.0; 1.1]). Over
6 years, 63–82% of patients in each group had
improved/stable SF-36 MCS and PCS scores.
Among patients with thyroid AE onset in year 3
(peak incidence), there were minimal differ-
ences between HRQL outcomes before onset
(year 2) and after onset (year 3).
Conclusion: Autoimmune thyroid AEs (serious
and nonserious) had minimal impact on HRQL
in alemtuzumab-treated patients. These data
may aid therapeutic decisions in patients with
relapsing MS.

PLAIN LANGUAGE SUMMARY

This study looked at alemtuzumab, an
approved treatment for multiple sclerosis (MS).
People who receive alemtuzumab may develop
thyroid problems. The researchers wanted to
know whether people who developed thyroid
problems with alemtuzumab had a worse
quality of life compared with those who did
not. The researchers measured quality of life
using a questionnaire. The questionnaire
looked at people’s physical, social, and psy-
chological well-being over 6 years. A total of
811 people with MS treated with alemtuzumab
took part in this study. Of these, 469 people
(58%) did not develop thyroid problems and
342 people (42%) developed thyroid problems.
The thyroid problems were serious in 44 peo-
ple. The researchers observed that thyroid
problems during alemtuzumab treatment did
not make quality of life worse in most people.
Some people with serious thyroid problems
had worsened quality of life; this was mostly
among people who required certain treatments
for their thyroid problems. Quality of life did
not change much in people while the thyroid
problems were ongoing. This study shows that
thyroid problems after alemtuzumab treatment
for MS have little negative impact on quality of
life for most people. These findings may help
healthcare providers make decisions about MS
treatment.
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Key Summary Points

Why carry out this study?

Alemtuzumab is an approved disease-
modifying therapy for the treatment of
multiple sclerosis (MS) that improves
health-related quality of life (HRQL) in
patients with MS, but also carries a risk for
autoimmune adverse events (AEs), mainly
affecting the thyroid.

The aim of the study was to evaluate the
impact of autoimmune thyroid AEs on
HRQL in alemtuzumab-treated patients.

What was learned from the study?

Over 6 years, HRQL outcomes generally
remained slightly improved or similar to
baseline in most patients who developed
thyroid AEs after initiating alemtuzumab.

In patients with serious thyroid AEs,
transient worsening in HRQL was
associated with treatment required for
thyroid AEs (thyroidectomy or
radioiodine ablation).

These findings reflect the patient-
perceived therapeutic benefit of
alemtuzumab despite the occurrence of
thyroid AEs, and thus can aid therapeutic
decisions in patients with relapsing MS.

INTRODUCTION

Multiple sclerosis (MS) is a chronic, autoim-
mune, neurodegenerative disease that reduces
health-related quality of life (HRQL) in affected
individuals and impairs activities of daily living.
Disease-modifying therapies (DMTs) for MS aid
in symptom management and slow the course
of disease, and can thus improve HRQL in
patients with MS [1]; however, because all DMTs
carry risks for unwanted side effects, the net
impact of a DMT on HRQL reflects therapeutic
efficacy as well as adverse events (AEs) [2].

Alemtuzumab (Lemtrada�, Sanofi Genzyme,
Cambridge, MA) is a humanized anti-CD52
monoclonal antibody indicated for patients
with relapsing forms of MS. The efficacy and
safety of alemtuzumab were evaluated in the
2-year, phase 3 CARE-MS I (NCT00530348) and
II (NCT00548405) trials, and for an additional
4 years in the CAMMS03409 extension study
(NCT00930553) [3–6]. Alemtuzumab signifi-
cantly reduced relapses, disability, magnetic
resonance imaging (MRI) lesions, and brain
volume loss compared with subcutaneously
administered interferon beta-1a (SC IFNB-1a) in
the core studies, and alemtuzumab efficacy was
maintained through year 6. In parallel with
these clinical and MRI improvements, alem-
tuzumab-treated patients reported significantly
greater HRQL improvements from baseline to
year 2 compared with SC IFNB-1a-treated
patients, and HRQL with alemtuzumab
remained above baseline or similar to baseline
through year 6 [7–9].

AEs associated with alemtuzumab in clinical
trials and postmarketing experience include
infusion-associated reactions, increased fre-
quency of infection, and the potential for
opportunistic infections, secondary autoimmu-
nity (thyroid disorders, immune thrombocy-
topenia, nephropathies, autoimmune
cytopenias, autoimmune hepatitis, and other
less common autoimmune events), acute acal-
culous cholecystitis, and cardiovascular and
pulmonary events possibly related to infusion
[3, 4, 10–13]. Thyroid AEs were the most fre-
quent autoimmune AEs associated with alem-
tuzumab. In the phase 3 alemtuzumab trials
and their extension study, the overall rate of
thyroid AEs was 42% over 6 years, peaking in
year 3 following the first alemtuzumab course,
which was received at baseline, and declining
thereafter [3–6].

Information is currently lacking on the
consequences of thyroid AEs on patients’ lives
after treatment with alemtuzumab. The purpose
of this study was to evaluate the impact of
autoimmune thyroid AEs on HRQL in alem-
tuzumab-treated patients from the CARE-MS
studies.
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METHODS

Patients and Procedures

CARE-MS I and II were randomized, rater-blin-
ded, active-controlled, head-to-head trials of
alemtuzumab (12 mg/day on 5 consecutive days
at baseline and on 3 consecutive days
12 months later) compared with SC IFNB-1a
(44 lg three times/week) [3, 4]. In the CARE-MS
extension study, patients randomized to alem-
tuzumab could receive additional courses
(12 mg/day on 3 consecutive days at least
12 months after the previous alemtuzumab
course) as needed for disease activity [10, 12].
Patients could also receive other licensed DMTs
at the trial investigator’s discretion (Fig. 1). The
CARE-MS extension study was carried out in
178 study centers in 23 countries.

In alemtuzumab-treated patients, thyroid
function testing was carried out through a
comprehensive monitoring program. Thyroid
AEs listed in this study were reported as AEs by
the investigators, and did not include patients
with thyroid events reported as lab abnormali-
ties but not reported as AEs (n = 25). Thyroid-

stimulating hormone (TSH) was measured at
baseline and quarterly until 48 months after the
last alemtuzumab infusion. In the event of
abnormal TSH levels (normal range,
0.4–4.0 mU/L), further investigation was done
by assessing thyroid symptoms (hyperthy-
roidism or hypothyroidism), free T3, free T4,
and thyroid autoantibodies at the investigator’s
discretion [14–16]. Serious thyroid AEs were
defined as those that were life threatening,
required hospitalization, or resulted in persis-
tent or significant disability, congenital anom-
aly, or death. Nonserious thyroid AEs were
those that did not meet the criteria for serious
thyroid AEs.

Thyroid AE severity was evaluated using the
National Cancer Institute Common Terminol-
ogy Criteria for Adverse Events (CTCAE) version
3.0 [17]: grade 1 AEs are mild or asymptomatic,
and no treatment is necessary; grade 2 AEs are
moderate and symptomatic, but do not inter-
fere with daily activities, and noninvasive
intervention is indicated (e.g., thyroid suppres-
sion therapy for hyperthyroidism or thyroid
replacement for hypothyroidism); grade 3 AEs
are severe, requiring hospitalization or prolon-
gation of hospitalization; grade 4 AEs are life

Fig. 1 Designs of the CARE-MS I/II and CARE-MS
extension studies, including timing of alemtuzumab dosing
and annual incidence of thyroid AEs. Patients randomized
to alemtuzumab in the core CARE-MS I/II trials received
treatment on 5 consecutive days at baseline and on 3
consecutive days 12 months later. In the CARE-MS
extension (CAMMS03409) study, patients could receive

additional courses of alemtuzumab (12 mg/day on 3
consecutive days at least 12 months after the previous
course) as needed for predefined disease activity at the
investigator’s discretion; other approved DMTs were also
permitted. aFirst occurrence of thyroid AE for a patient.
AE adverse event, C course, DMT disease-modifying
therapy, IV intravenous, Y year
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threatening or disabling and require urgent
intervention; grade 5 AEs are fatal.

HRQL Assessments

HRQL questionnaires were administered to
patients at baseline and every year, and inclu-
ded the Functional Assessment of Multiple
Sclerosis (FAMS), Quality of Life-5 Dimension
Visual Analog Scale (EQ-5D VAS), and 36-Item
Short-Form Survey (SF-36).

FAMS version 4 is a reliable, MS-specific
questionnaire consisting of 44 scored items in
six clinically relevant domains including
mobility, symptoms, emotional well-being,
general contentment, thinking/fatigue, and
family/social well-being. FAMS (total) scores
range from 0 to 176 [18]. The EQ-5D VAS is a
validated, generic HRQL measure consisting of a
single-item scale comprising five dimensions:
mobility, self-care, usual activities, pain/dis-
comfort, and anxiety/depression. EQ-5D VAS
scores range from 0 to 100 [19]. SF-36 version 2
is a widely used generic measure of a patient’s
state of health, comprising 36 items organized
into eight scales and combined into two sum-
mary measures: the mental component sum-
mary (MCS) and physical component summary
(PCS) survey [20]. The SF-36 utilizes a norm-
based scoring method in which scores have a
mean of 50 and standard deviation of 10 in
healthy populations [21]. Clinically meaningful
worsening and improvement on the SF-36 are
defined as at least a 5-point decrease and
increase from baseline norm-based scores,
respectively [22]. The 5-point cutoff is based on
half a standard deviation, which represents a
minimally important difference. Higher scores
in all of the above mentioned questionnaires
represent better HRQL.

Statistical Analysis

Thyroid AE incidences were based on the first
occurrence of a thyroid AE to avoid double
counting an ongoing event. Patients were
stratified initially into subgroups on the basis of
the presence or absence of autoimmune thyroid
AEs, then further stratified on the basis of the

presence of nonserious and serious thyroid AEs.
Changes in HRQL outcomes from core study
baseline and group differences at each time
point were estimated by least-squares mean and
95% confidence interval, using a mixed-effect
repeated measure model, with unstructured
covariance model with a time-by-group inter-
action and covariate adjustment for group,
time, geographic region, and baseline score. No
imputation was made for patients with missing
HRQL outcomes at any postbaseline time
points, due to the high patient retention rate.
The subset of alemtuzumab-treated CARE-MS
patients with thyroid AE onset during year 3
(i.e., third year after receiving the first alem-
tuzumab course at baseline) was also analyzed
separately to investigate HRQL outcomes before
(year 2) and during/after onset (year 3).

Compliance with Ethics Guidelines

The CARE-MS I and II studies and the CARE-MS
extension study were registered with Clini-
calTrials.gov (NCT00530348, NCT00548405,
and NCT00930553, respectively). The studies
were conducted in accordance with the ethical
principles outlined in the Declaration of Hel-
sinki. All procedures were approved by local
institutional ethics review boards of participat-
ing sites (see Table S1 in the electronic supple-
mentary material for details). Patients provided
written informed consent.

RESULTS

Autoimmune Thyroid AEs and Patient
Baseline Characteristics

A total of 811 patients were treated with alem-
tuzumab 12 mg in the CARE-MS I (n = 376) and
II (n = 435) trials. Of these, 742 (91%) patients
entered the extension and 659 (81%) remained
on study from core study baseline to year 6 post
alemtuzumab initiation. Forty-eight (6%)
patients completed the core studies and did not
enroll in the extension, and 104 (13%) discon-
tinued from the core or extension studies (due
to withdrawal of consent [7.3%], lost to follow-
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Table 1 Incidence of autoimmune thyroid AEs

Incidence, n (%) EAIR per 100
patient-yearsa

Y1 Y2 Y3 Y4 Y5 Y6 Y0–6
(N = 811) (N = 810) (N = 772) (N = 731) (N = 707) (N = 692) (N = 811)

Thyroid AEsb 46 (5.7) 74 (9.1) 125 (16.2) 48 (6.6) 24 (3.4) 25 (3.6) 10.29

Hyperthyroidismc 10 (1.2) 26 (3.2) 59 (7.6) 26 (3.6) 10 (1.4) 11 (1.6) 3.55

Hypothyroidismd 10 (1.2) 17 (2.1) 30 (3.9) 4 (0.5) 2 (0.3) 5 (0.7) 1.61

Thyroiditise 6 (0.7) 10 (1.2) 14 (1.8) 7 (1.0) 6 (0.8) 3 (0.4) 1.07

Decreased blood

TSH

6 (0.7) 7 (0.9) 9 (1.2) 6 (0.8) 1 (0.1) 1 (0.1) 0.69

Goiter 5 (0.6) 4 (0.5) 3 (0.4) 2 (0.3) 2 (0.3) 1 (0.1) 0.39

Increased blood TSH 4 (0.5) 3 (0.4) 2 (0.3) 2 (0.3) 2 (0.3) 1 (0.1) 0.32

Antithyroid antibody

positive

2 (0.2) 3 (0.4) 4 (0.5) 0 0 0 0.20

Abnormal blood

TSH

0 0 0 0 1 (0.1) 2 (0.3) 0.07

Abnormal thyroid

function test

1 (0.1) 1 (0.1) 2 (0.3) 0 0 1 (0.1) 0.11

Decreased free

thyroxine

2 (0.2) 0 1 (0.1) 0 0 0 0.07

Decreased thyroxine 0 1 (0.1) 0 0 0 0 0.02

Increased free

thyroxine

0 1 (0.1) 0 1 (0.1) 0 0 0.05

Toxic nodular goiter 0 0 1 (0.1) 0 0 0 0.02

Decreased free

triiodothyronine

0 1 (0.1) 0 0 0 0 0.02

Serious thyroid AEsf 2 (0.2) 5 (0.6) 27 (3.5) 6 (0.8) 3 (0.4) 1 (0.1) 1.03

Hyperthyroidismc 1 (0.1) 2 (0.2) 24 (3.1) 5 (0.7) 2 (0.3) 0 0.79

Hypothyroidismd 0 1 (0.1) 1 (0.1) 1 (0.1) 0 0 0.07

Goiter 1 (0.1) 0 1 (0.1) 0 0 1 (0.1) 0.07

Endocrine

ophthalmopathy

0 0 1 (0.1) 0 0 0 0.02

Thyroiditis 0 1 (0.1) 0 0 1 (0.1) 0 0.05
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up [1.8%], physician decision [1.2%], death
[0.7%], lack of efficacy [0.4%], and AE [0.1%];
’’other’’ reasons reported for 1.2% of patients).
Over 6 years, 342 (42%) patients experienced a
first thyroid AE, with nonserious events in 298
(37%) patients and serious events in 44 (5%)
patients. Thyroid AEs were mostly mild
(grade 1, 42%) to moderate (grade 2, 56%); few
were severe (grade 3, 3%); and none were life
threatening (grade 4) or fatal (grade 5; sum of
percentages greater than 100% as a result of
rounding). Nonserious thyroid AEs were most
frequently hyperthyroidism (42% of patients
with thyroid AEs), followed by hypothyroidism
(20%) and thyroiditis (13%). Of the 44 patients
with serious thyroid AEs, 34 (77%) had hyper-
thyroidism; serious goiter (n = 3; 7%),
hypothyroidism (n = 3; 7%), thyroiditis (n = 2;
5%), endocrine ophthalmopathy (n = 1; 2%),
and increased free thyroxine (n = 1; 2%) were
less common. Incidence of thyroid AEs peaked
in year 3 (16%) after receiving the first course of
alemtuzumab at baseline and declined there-
after; thyroid AE rate in year 6 was 4% (Table 1).
Among patients who experienced thyroid AEs
through 6 years, 61 (18%) received no thyroid-
related treatment, 281 (82%) were managed
with oral medications, 30 (9%) were treated
with radioiodine therapy, and 33 (10%) were
treated with thyroidectomy.

Mean time from alemtuzumab initiation to
first thyroid AE was 2.5 years (median 2.3 [range
0.3–6.0]). Thyroid AEs were more prevalent in
female patients, consistent with increased thy-
roid disorder prevalence reported in women in
the general population, but other baseline
characteristics were similar among patients with
and without thyroid AEs [23, 24]. Baseline
HRQL scores were comparable between these
two groups (Table 2).

Through year 6, 302 (37%) patients received
additional courses of alemtuzumab. Among
those patients who received a total of 3, 4, or
5–6 alemtuzumab courses, 41%, 42%, and 38%
experienced a thyroid AE, respectively. Among
those patients who did not receive any addi-
tional alemtuzumab courses, 43% had a thyroid
AE over 6 years.

HRQL Outcomes in Patients With
and Without Thyroid AEs

In patients without thyroid AEs or with nonse-
rious thyroid AEs, the FAMS total score was
slightly improved or similar to core study base-
line at all time points through year 6 (least-
squares mean change from baseline at year 6: no
thyroid AEs, 0.7; nonserious thyroid AEs, 5.1).
In patients with serious thyroid AEs, the mean

Table 1 continued

Incidence, n (%) EAIR per 100
patient-yearsa

Y1 Y2 Y3 Y4 Y5 Y6 Y0–6
(N = 811) (N = 810) (N = 772) (N = 731) (N = 707) (N = 692) (N = 811)

Increased free

thyroxine

0 1 (0.1) 0 0 0 0 0.02

AE adverse event, EAIR exposure-adjusted incidence rate, TSH thyroid-stimulating hormone, Y year
a EAIR = (number of patients with first AE in the time interval)/(total follow-up duration [years] of all patients within the
time interval, censoring at the time of AE for patients counted in the numerator)
b First occurrence of thyroid AE for a patient
c Hyperthyroidism denotes hyperthyroidism and Basedow’s disease
d Hypothyroidism denotes hypothyroidism and primary hypothyroidism
e Thyroiditis denotes autoimmune thyroiditis, subacute thyroiditis, thyroiditis subacute, and thyroiditis
f First occurrence of serious thyroid AE for a patient
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change from baseline showed nonsignificant
worsening at year 6 (- 5.3) (Fig. 2a).

HRQL outcomes measured using EQ-5D VAS
were slightly improved or similar to baseline in
all subgroups of alemtuzumab-treated patients
except that at year 6 scores were significantly
lower than baseline in patients with serious
thyroid AEs (least-squares mean change from
baseline at year 6: no thyroid AEs, 2.0; nonse-
rious thyroid AEs, 3.0; serious thyroid AEs,
- 6.8) (Fig. 2b).

SF-36 MCS scores remained above baseline at
most time points in patients who experienced
no thyroid AEs or nonserious thyroid AEs, but
were not significantly different from baseline in
patients with serious thyroid AEs (least-squares
mean change from baseline at year 6: no thy-
roid AEs, 0.6; nonserious thyroid AEs, 1.6; seri-
ous thyroid AEs, - 2.8) (Fig. 2c). SF-36 PCS
scores were slightly improved or similar to
baseline throughout the study (least-squares

mean change from baseline at year 6: no thy-
roid AEs, 0.8; nonserious thyroid AEs, 1.0; seri-
ous thyroid AEs, 1.1) (Fig. 2d). The occurrence
of nonserious thyroid AEs throughout the study
did not have an impact on SF-36 outcomes at
study end (i.e., at year 6); similar percentages of
patients without thyroid AEs (MCS, 74%; PCS,
82%), and with nonserious thyroid AEs (both
MCS and PCS, 81%) had improved or stable SF-
36 scores over 6 years (Fig. 3). The subgroup
with serious thyroid AEs had more patients with
worsened MCS scores (37%), but this was less
apparent for PCS outcomes (23%).

HRQL Worsening Was Associated
with Thyroidectomy and Radioiodine
Treatment for Thyroid AEs

Among patients with serious thyroid AEs
(n = 44), 24 experienced FAMS score worsening

Table 2 Baseline demographics and disease characteristics

Parameter With thyroid AEs
(N = 342)

No thyroid AEs
(N = 469)

Age, years 34.1 (8.5) 33.8 (8.0)

Female, n (%) 263 (76.9) 267 (56.9)

Caucasian, n (%) 315 (92.1) 429 (91.5)

EDSS score 2.4 (1.1) 2.4 (1.1)

Years since initial relapse 3.3 (2.6) 3.4 (2.4)

No. of relapses in prior year 1.8 (0.84) 1.7 (0.84)

No. of relapses in prior 2 years 2.6 (1.00) 2.7 (1.09)

Gd-enhancing lesion count 2.36 (5.1) 2.28 (5.9)

Patients with Gd-enhancing lesions, n (%) 148 (43.9) 204 (44.1)

Brain parenchymal fraction 0.82 (0.02) 0.82 (0.02)

FAMS (total) score 126.8 (29.39) 124.9 (31.54)

EQ-5D VAS score 74.0 (17.29) 71.8 (19.70)

SF-36 MCS score 45.9 (11.58) 45.4 (11.37)

SF-36 PCS score 45.3 (9.48) 44.9 (10.13)

Data given as mean (SD) unless otherwise indicated
AE adverse event, EDSS Expanded Disability Status Scale, EQ-5D VAS Quality of Life-5 Dimension Visual Analog Scale,
FAMS Functional Assessment of Multiple Sclerosis, Gd gadolinium, MCS mental component summary, PCS physical
component summary, SD standard deviation, SF-36 36-Item Short-Form Survey
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over 6 years. Of these, 71% had either thy-
roidectomy (n = 15) or radioiodine therapy
(n = 2). A similar relationship between wors-
ened HRQL and these treatments for thyroid
AEs was observed for EQ-5D VAS (20 patients
worsened, 75% with thyroidectomy [n = 13] or
radioiodine treatment [n = 2]), SF-36 MCS (25
patients worsened, 72% with thyroidectomy
[n = 17] or radioiodine treatment [n = 1]), and
SF-36 PCS (19 patients worsened, 74% with

thyroidectomy [n = 12] or radioiodine treat-
ment [n = 2]).

HRQL During Peak Onset of Thyroid AEs

In patients who experienced a thyroid AE
(nonserious or serious, n = 125) or serious thy-
roid AE (n = 27) in year 3, there were minimal
changes in HRQL outcomes from the end of
year 2 to the end of year 3, during the time of

Fig. 2 HRQL changes from core study baseline over
6 years in a FAMS (total) score, b EQ-5D VAS score,
c SF-36 MCS score, and d SF-36 PCS score. Data are least-
squares means (95% CI). Higher scores represent better
HRQL. *p\ 0.05 for comparison of postbaseline time
point with baseline. AE adverse event, CI confidence

interval, EQ-5D VAS Quality of Life-5 Dimension Visual
Analog Scale, FAMS Functional Assessment of Multiple
Sclerosis, HRQL health-related quality of life, MCS
mental component summary, PCS physical component
summary, SF-36 36-Item Short-Form Survey, Y year
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AE onset (Fig. 4). HRQL outcomes remained
improved or similar to core study baseline at the
end of year 3 in most patients with any thyroid
AE (least-squares mean change from baseline:
FAMS, 5.8; EQ-5D VAS, 2.8; SF-36 MCS, 1.8; SF-
36 PCS, 1.2).

DISCUSSION

The present study demonstrated that over
6 years, mean HRQL outcomes measured by
FAMS, EQ-5D VAS, and SF-36 generally
remained slightly improved or similar to base-
line in most patients who developed thyroid
AEs after initiating alemtuzumab treatment.
HRQL outcomes were similar in patients with
nonserious thyroid AEs and those without thy-
roid AEs, indicating that nonserious thyroid AEs
did not adversely affect patients’ perceptions of
their physical and mental health. Because the
majority of patients had either no thyroid AEs
or nonserious thyroid AEs, the magnitude of
HRQL change in these subgroups is consistent
with previous studies demonstrating HRQL
improvement in the overall CARE-MS I and II
populations after treatment with alemtuzumab,

which stabilized over 6 years [7–9]. These HRQL
findings likely reflect the efficacy of alem-
tuzumab, in which 78–81% of patients show
stable or improved disability on the Expanded
Disability Status Scale (EDSS) over 6 years [5, 6].

Patients with serious thyroid AEs showed
worsened mean HRQL scores at later time
points in the study at the population level, but
only about half of the individuals with serious
thyroid AEs had worsened scores. Most indi-
viduals with worsened HRQL scores were trea-
ted with radioiodine therapy or thyroidectomy.
It is possible that worsened HRQL was a result of
these patients having more or prolonged
symptoms since these treatments are usually
reserved for severe or refractory cases. Other
studies in non-alemtuzumab-treated patients
have shown that thyroid-related symptoms
contribute to worsening of HRQL [25, 26].
Analysis of HRQL during the peak year of thy-
roid AE onset showed little to no worsening of
HRQL in CARE-MS patients during serious thy-
roid AE onset, supporting the idea that wors-
ened HRQL results from persistent thyroid
symptoms over an extended period of time.
Additionally, worsened HRQL may be related to

Fig. 3 Improvement, stability, and worsening in SF-36
scores from core study baseline to year 6. Clinically
meaningful worsening and improvement were defined as
at least a 5-point increase and decrease from baseline

norm-based scores, respectively. AE adverse event, MCS
mental component summary, PCS physical component
summary, SF-36 36-Item Short-Form Survey, Y year
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the more invasive thyroid treatments these
patients ultimately underwent. Nevertheless,
patients with serious thyroid AEs overall had
only subtle worsening in mean HRQL scores.
These results indicate that for many patients

with serious thyroid AEs, net HRQL impact was
likely minimal.

Considering the frequency of thyroid AEs,
healthcare practitioners and patients may be
concerned that these AEs are a tradeoff when

Fig. 4 HRQL changes during the time of onset of any
thyroid AE or serious thyroid AE in a FAMS (total) score,
b EQ-5D VAS score, c SF-36 MCS score, and d SF-36
PCS score. Analyses restricted to patients with thyroid AEs
in year 3, comparing patients before onset of thyroid AE
(end of year 2) and during or after onset of thyroid AE
(end of year 3). Data are least-squares means (95% CI).

*p\ 0.05 for comparison of postbaseline time point with
baseline. AE adverse event, CI confidence interval, EQ-5D
VAS Quality of Life-5 Dimension Visual Analog Scale,
FAMS Functional Assessment of Multiple Sclerosis,
HRQL health-related quality of life, MCS mental com-
ponent summary, PCS physical component summary, SF-
36 36-Item Short-Form Survey, Y year
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treating with alemtuzumab, replacing one
autoimmune condition with another. However,
studies have shown that patients with MS have
large decreases (at least 10 points) across all
domains of the SF-36 compared with general
population norms [27]; the ability of alem-
tuzumab to improve or stabilize HRQL over the
long term, even in the presence of thyroid AEs,
suggests positive benefit–risk for this tradeoff.

Thyroid function was tested regularly during
the CARE-MS studies. Timely detection and
treatment of thyroid dysfunction in alem-
tuzumab-treated patients may be key for pre-
serving HRQL gains associated with clinical and
MRI improvements. The monitoring protocol
used in the CARE-MS studies later formed the
basis for the postmarketing Risk Evaluation and
Mitigation Strategy in the USA and the Risk
Management Plan in Europe to ensure adequate
follow-up of patients in real-world settings. The
minimal impact of thyroid AEs on HRQL in the
CARE-MS studies implies that the monitoring
program successfully mitigated thyroid AE risk.

The present study has several limitations.
First, SF-36 and EQ-5D VAS are generic measures
and, therefore, may not be as sensitive to HRQL
changes as the disease-specific FAMS. Second,
patients had knowledge of their treatment
assignment and thyroid AEs, which may have
influenced their HRQL responses. Third, HRQL
outcomes might also be influenced by unknown
factors or individual differences in perception of
disease. Finally, HRQL assessments were con-
ducted annually, so the temporal relationship
between HRQL assessment and the peak of
thyroid AE impact (either AE onset or during
thyroidectomy or radioiodine therapy) is vari-
able between patients.

CONCLUSIONS

This is the first study to evaluate the impact of
autoimmune thyroid AEs on HRQL in alem-
tuzumab-treated patients with relapsing-remit-
ting MS (RRMS). Autoimmune thyroid AEs had
minimal impact on HRQL outcomes for most
alemtuzumab-treated patients with RRMS;
worsened HRQL scores were associated with
thyroidectomy or radioiodine treatment. These

data provide context to patient experience with
alemtuzumab-related thyroid AEs and can aid in
therapeutic decision-making.
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