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Abstract
Objective
To assess safety outcomes for the induction therapies alemtuzumab and autologous hemato-
poietic stem cell transplantation (AHSCT) compared to noninduction disease-modifying
therapies.

Methods
We performed a population-based cohort study linking the Swedish Multiple Sclerosis Register
to national health care registers. Alemtuzumab, AHSCT, and a matched reference group of
noninduction therapies (natalizumab, dimethyl fumarate, rituximab, fingolimod) were included
if started between 2008 and 2017. Main outcomes were death, thyroid disease, nonthyroid
autoimmune disease, and infection.

Results
We identified 132 alemtuzumab-treated and 139 AHSCT-treated (68% high-dose cyclo-
phosphamide and anti-thymocyte globulin [ATG], 32% BCNU, etoposide, cytosine-
arabinoside, and melphalan/ATG) patients, together with 2,486 matched patients treated
with noninduction therapies. Four patients in the alemtuzumab group died (incidence rate [IR]
per 1,000 person-years 8.6, 95% confidence interval [CI] 2.3–22.0) compared to 1 patient in
the AHSCT group (IR 1.7, 95% CI 0.0–9.6), and the mortality rate in the reference group was
0.7 (95% CI 0.3–1.3). Thyroid disease was most frequent in the alemtuzumab group (IR 109,
95%CI 75–154) but also occurredmore often for AHSCT (IR 34, 95%CI 18–56) compared to
the reference (IR 5.3 95% CI 3.9–7.1). The incidence of nonthyroid autoimmune disease was
similar in all groups. IR for infection diagnosed ≥6 months from therapy initiation was 53 (95%
CI 30–87) for alemtuzumab, 108 (95% CI 75–150) for AHSCT, and 51 (95% CI 46–57) for
the reference.

Conclusion
We confirmed a high incidence of thyroid disease in alemtuzumab- and, to a smaller extent,
AHSCT-treated patients and found a higher incidence of infection for AHSCT compared to
both alemtuzumab and noninduction therapies. The incidence of nonthyroid autoimmune
disease was low for both therapies.

Classification of Evidence
This study provides Class III evidence of an increased risk of thyroid disease with alemtuzumab
and an increased risk of infection with AHSCT treatment.
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Disease-modifying therapies (DMTs) for multiple sclerosis
(MS) can be classified by type of administration: repeated
administration vs induction-type therapies that cause long-
term cessation of MS-associated inflammation. Alemtuzumab
was the first induction-type therapy to be approved for
relapsing-remitting MS (RRMS); it was approved in 2013 by
the European Medicines Agency and 2014 by the US Food
and Drug Administration. Autologous hematopoietic stem
cell transplantation (AHSCT) is another induction-type
medical procedure that has been used to treat MS since
19951 and was approved for use in active RRMS in Sweden in
2016.

Alemtuzumab is a humanized monoclonal antibody that in-
duces depletion and subsequent repopulation of CD52+ im-
mune cell populations, leading to long-lasting changes to
adaptive immunity.2 It is administered as daily 12-mg IV in-
fusions over 5 days, with 3 additional infusions after 1 year and
further cycles as needed.

The AHSCT procedure consists of hematopoietic stem cell
(HSC) mobilization, HSC harvesting, conditioning, and HSC
transplantation.3 The 2 main conditioning regimens are high-
dose cyclophosphamide (Cy) and anti-thymocyte globulin
(Cy/ATG) or a combination of 4 cytostatic agents (BCNU,
etoposide, cytosine-arabinoside, and melphalan; BEAM)
and ATG.

In Sweden, alemtuzumab and AHSCT have been used pri-
marily for aggressive RRMS or breakthrough inflammation on
conventional therapies. Preference for either therapy has been
driven mainly by local experience and availability. Widespread
use of these therapies has been limited by concerns and un-
certainty concerning their respective safety profiles in relation
to other MS therapies.

The aim of this study was to describe safety outcomes after
treatment with alemtuzumab and AHSCT compared to
noninduction therapies.

Methods
We performed a nationwide register-based cohort study of
alemtuzumab and AHSCT compared to matched non-
induction therapies, linking data from the Swedish MS reg-
ister to national health care and demographic registers.

Data Sources
The nationwide Swedish MS register captures data on several
aspects of MS care4 and has especially high validity for therapy
data.5 Participation is voluntary, but coverage has been esti-
mated to be >80%.6 The MS register was linked to several
national registers with compulsory participation: the cause of
death register, the patient register (all visits to inpatient and
specialized outpatient care and their associated diagnosis
codes, with high validity),7 the prescribed drug register
(complete data on all prescription drugs collected at phar-
macies),8 the cancer register,9 demographic registers, and
registers with data on sick leave and disability pension. The
end of data collection differed between the registers; the MS,
cause of death, and prescribed drug registers had data until
September 30, 2018, and the patient and the cancer registers
had data until December 31, 2017.

Exposure Definition
We included all first-ever treatments with alemtuzumab and
AHSCT, as well as a reference group of 4 noninduction
therapies, registered in the MS register and started between
January 1, 2008, and December 31, 2017. The noninduction
therapies comprised rituximab, fingolimod, natalizumab, and
dimethyl fumarate, the 4 most frequently used MS DMTs in
Sweden. AHSCT treatments were grouped according to the
conditioning regimen used, Cy/ATG or BEAM/ATG. Pre-
vious treatment with alemtuzumab or AHSCT was not
allowed, and patients were censored on death, emigration, or
start of a subsequent treatment with alemtuzumab or AHSCT
or at end of data collection, whichever happened first. Patients
were excluded if they were <15 years of age at therapy start.

Outcome Definition and Baseline Variables
Primary outcomes were death, thyroid disease, nonthyroid
autoimmune disease, and infection. Deaths were gathered
primarily from the cause of death register, but the cause was
not available for all observations (due to registry-entry delay),
and supplementary information reported directly to the
Swedish Medical Products Agency was used in these cases.
Thyroid disease, nonthyroid autoimmune disease, and infec-
tions were identified by ICD codes (table 1) from the primary
and secondary diagnoses of the inpatient and specialized
outpatient visits in the patient register. For thyroid disease
and nonthyroid autoimmune disease, only the first-ever event
was included, and if this event happened before therapy start,
the patient was censored. To also catch thyroid disease treated
in primary care, thyroid hormone prescriptions were

Glossary
AHSCT = autologous hematopoietic stem cell transplantation; ATC = Anatomical Therapeutic Chemical Classification
System; ATG = anti-thymocyte globulin; BEAM = BCNU, etoposide, cytosine-arabinoside, and melphalan; CARE-MS =
Comparison of Alemtuzumab and Rebif Efficacy in Multiple Sclerosis; CI = confidence interval; DMT = disease-modifying
therapy; EDSS = ExpandedDisability Status Scale;HSC = hematopoietic stem cell; ICD = International Classification of Diseases;
IR = incidence rate; MS = multiple sclerosis; MSIS-29 = Multiple Sclerosis Impact Scale; RRMS = relapsing-remitting MS;
SDMT = Symbol Digit Modalities Test.
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identified by Anatomical Therapeutic Chemical Classification
System (ATC) codes from the prescribed drug register
(table 1). Several other outcomes were also investigated
according to what had been previously reported: cancer,
blood cell disorders (aplastic anemia, thrombocytopenia,
agranulocytosis), disorders of the reproductive organs and
fertility, and starting a new MS DMT. The outcomes were
identified through their respective registers (ICD and ATC-
based definitions in table 1). For ATC-based outcomes, a drug
was considered a new treatment and included only if there had
been no registration of that particular drug in the previous 180
days. The baseline variables age, sex, birthplace, year, region,
and MS type/onset/duration were assessed at therapy start.
Education level, therapy count, thyroid disease, and non-
thyroid autoimmune disease were measured from start of
follow-up until start of therapy. Hospital days were counted
from 5 years before until 1 month before therapy start. Dis-
ability pension and sick leave were counted in the year before
therapy start. Expanded Disability Status Scale (EDSS) score
was assessed 6 months before until 1 month after therapy
start, and Symbol Digit Modalities Test (SDMT) and Mul-
tiple Sclerosis Impact Scale (MSIS-29) scores were obtained 3
months before until 1 month after therapy start.

Analysis
The main focus of this study was to provide descriptive sta-
tistics for each cohort, rather than adjusted tests of group
differences, because of the low numbers of treated patients.
Incidence rates (IRs) per 1,000 person-years with 95% con-
fidence intervals (CIs) were calculated for all outcomes.
Kaplan-Meier plots were produced for the outcomes first-ever
thyroid disease and starting a new therapy. The monthly IRs 3
years before and after therapy start were plotted in 3-month
intervals for infection and collection of prescription drugs.
Similarly, the proportion of time spent in inpatient care was
plotted for the same intervals. The noninduction reference
group was matched 10:1 to the main exposure groups by age,

Table 1 Definitions of Outcomes Based on ICD-10 and
ATC Codes

Register/Outcome Codes

Patient register ICD-10

Any infection A (00–32|34–49|51–99)

B (00–99)

D (733)

E (321)

G (00–02|042|05–07)

H (000|440|600–603|66|67|70)

I (301|400)

J (00–22|32|340|36|390|391|440|85|86)

K (044|046|047|102|113|122|140|570|572|
574|578|61|630|650–652|659)

L (00–08|303)

M (00|01|462–465|600|650|710|711|726|
86)

N (136|151|159|300|308|340|412|431|
452–454|482|61|70|73|751)

Thyroid disease C (73)

D (34|44)

E (03–07|890)

Nonthyroid
autoimmune
disease

D (590|591|690|693|860–863|868|869)

E (10|271|272)

G (36|610|611|618|619|70)

I (00|010–012|018-020|029|730|731)

K (50|51|743|900)

L (100|102|109|12|13|400–405|408|409|
80|940|941)

M (023|028|029|050–053|058-064|068|069|
080–084|088-092|098|300–303|308|310|
313–316|321|328–332|339-342|348–353|45)

Varicella zoster B (02)

Aplastic anemia D (60–64)

Thrombocytopenia D (693–696)

Agranulocytosis D (70)

Major acute
cardiovascular
event

I (200|21|60–64)

Female
reproductive

E (28|894)

N (91|92|944–949|95|97)

Male reproductive E (29)

N (46)

Table 1 Definitions of Outcomes Based on ICD-10 and ATC
Codes (continued)

Register/Outcome Codes

Prescribed drug
register

ATC

Thyroid hormone H03AA

Systemic antibiotics J01

Herpes antivirals D06BB (03|53)

J05AB (01|09|11)

S01AD (03)

Abbreviations: ICD-10 = International Classification of Disease, revision 10,
collected from the patient register; ATC = Anatomical Therapeutic Chemical
Classification System, collected from the prescribed drug register.
All registered diagnosis codes were used, and an ICD or ATC code was
identified if it started with any of the specified strings.
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Table 2 Baseline Characteristics Before and Around Therapy Start

Alemtuzumab
AHSCT
Cy/ATGa

AHSCT
BEAM/ATGa

Ref. DMTs
(Unmatched)b

Ref. DMTs
(Matched)c

No. 132 94 45 8,356 2,486

Age, mean (SD), y 35.0 (7.8) 32.4 (7.5) 34.6 (7.9) 40.5 (11.5) 33.9 (7.5)

Sex, female, n (%) 79 (59.8) 66 (70.2) 29 (64.4) 5,890 (70.5) 1,627 (65.4)

Place of birth, Nordic countries, n (%) 119 (90.2) 85 (90.4) 41 (91.1) 7,389 (88.5) 2,112 (85.0)

Education level, ≤9 y, n (%) 18 (13.7) 3 (3.2) 2 (4.5) 897 (10.9) 206 (8.5)

Education level, 10-12 y, n (%) 55 (42.0) 42 (45.2) 13 (29.5) 3,754 (45.7) 1,123 (46.4)

Education level, >12 y, n (%) 58 (44.3) 48 (51.6) 29 (65.9) 3,556 (43.3) 1,092 (45.1)

Hospital days,d 0 d, n (%) 41 (32.0) 15 (16.5) 4 (8.9) 3,748 (46.9) 1,016 (43.8)

Hospital days,d 1–10 d, n (%) 54 (42.2) 37 (40.7) 17 (37.8) 3,009 (37.6) 964 (41.5)

Hospital days,d ≥11 d, n (%) 33 (25.8) 39 (42.9) 24 (53.3) 1,239 (15.5) 341 (14.7)

Disability pension, with, n (%) 16 (12.2) 16 (17.0) 8 (18.2) 1,688 (20.3) 249 (10.1)

Sick leave, with, n (%) 48 (36.6) 41 (43.6) 26 (59.1) 2,263 (27.3) 625 (25.4)

Thyroid disease, n (%) 7 (5.3) 3 (3.2) 2 (4.4) 381 (4.6) 88 (3.5)

Nonthyroid autoimmune disease, n
(%)]

11 (8.3) 7 (7.4) 12 (26.7) 714 (8.5) 184 (7.4)

MS type, PPMS, n (%) 3 (2.3) 0 (0.0) 1 (2.3) 366 (4.4) 4 (0.2)

MS type, RRMS, n (%) 121 (91.7) 89 (94.7) 38 (86.4) 7,045 (85.1) 2,442 (98.2)

MS type, SPMS, n (%) 8 (6.1) 5 (5.3) 5 (11.4) 863 (10.4) 40 (1.6)

Age at MS onset, mean (SD), y 28.5 (7.9) 24.9 (6.2) 27.3 (7.1) 32.1 (10.1) 28.3 (7.2)

MS duration, mean (SD), y 6.5 (5.1) 7.3 (6.2) 7.3 (4.7) 8.3 (8.2) 5.6 (5.7)

Therapy count, 0, n (%) 20 (15.2) 5 (5.3) 5 (11.1) 3,211 (38.4) 1,082 (43.5)

Therapy count, 1, n (%) 33 (25.0) 30 (31.9) 6 (13.3) 4,968 (59.5) 1,369 (55.1)

Therapy count, ≥2, n (%) 79 (59.8) 59 (62.8) 34 (75.6) 177 (2.1) 35 (1.4)

EDSS score, mean (SD) 2.5 (1.8) 3.5 (1.6) 4.3 (1.5) 2.4 (1.8) 2.0 (1.5)

SDMT score, mean (SD) 59.6 (17.6) 55.3 (11.9) 54.2 (18.5) 50.1 (12.3) 52.6 (11.4)

MSIS-29 Physical score, mean (SD) 2.0 (0.9) 2.3 (1.1) 3.1 (0.6) 2.0 (0.9) 1.9 (0.9)

MSIS-29 Psychological score, mean
(SD)

2.5 (1.1) 2.9 (1.0) 3.2 (0.7) 2.3 (1.0) 2.4 (1.0)

Region Norra, n (%) 27 (20.5) 4 (4.3) 0 (0.0) 1,291 (15.4) 268 (10.8)

Region Stockholm, n (%) 5 (3.8) 11 (11.7) 22 (48.9) 1,958 (23.4) 352 (14.2)

Region Sydöstra, n (%) 2 (1.5) 9 (9.6) 1 (2.2) 974 (11.7) 94 (3.8)

Region Södra, n (%) 17 (12.9) 16 (17.0) 2 (4.4) 1,404 (16.8) 334 (13.4)

Region Uppsala-Örebro, n (%) 10 (7.6) 48 (51.1) 13 (28.9) 1,143 (13.7) 632 (25.4)

Region Västsvenska, n (%) 71 (53.8) 6 (6.4) 7 (15.6) 1,586 (19.0) 806 (32.4)

Abbreviations: AHSCT = autologous hematopoietic stem cell transplantation; ATG = anti-thymocyte globulin; BEAM = BCNU, etoposide, cytosine-rabinoside,
and melphalan; Cy = cyclophosphamide; DMT = disease-modifying therapy; EDSS = Expanded Disability Status Scale; MS = multiple sclerosis; MSIS-29 =
Multiple Sclerosis Impact Scale; PPMS = primary progressiveMS; Ref. = reference; RRMS = relapsing-remittingMS; SDMT = Symbol Digit Modalities Test; SPMS
= secondary progressive MS.
a Conditioning regimen: Cy/ATG and BEAM/ATG.
b Reference noninduction therapy group comprising natalizumab, dimethyl fumarate, rituximab, and fingolimod.
c The reference group matched 10:1 to the alemtuzumab and AHSCT groups on age, sex, and region.
d Hospital days from 5 years before therapy start until 1 month before therapy start.
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sex, and region using incidence-density sampling, and indi-
viduals were eligible to be selected as referents if at the start of
noninduction therapy they had not previously been treated
with alemtuzumab or AHSCT. To investigate nonimmediate
effects of the therapies, a lag time of 6 months from therapy
initiation to when follow-up time started was used for the
outcomes: infection, aplastic anemia, thrombocytopenia, and
agranulocytosis.

All statistical analyses were done with Python 3.7.4 (Python10

Software Foundation, Wilmington, DE).

Standard Protocol Approvals, Registrations,
and Patient Consents
This study was approved by the Regional Ethical Board of
Stockholm (reference 2017/700–31/4).

Data Availability
Data are available on approval from the respective register
holders.

Results
We identified 132 alemtuzumab-treated and 139 AHSCT-
treated (68% Cy/ATG, 32% BEAM/ATG) patients with
mean follow-up of 3.5 and 4.2 years, respectively, in analyses
of death, new therapy, and prescription drug–based outcomes
and 2.8 and 3.4 years, respectively, for the diagnosis-based

outcomes and cancer. The 2,486 noninduction therapies
(36% natalizumab, 29% dimethyl fumarate, 22% rituximab,
13% fingolimod) were matched to the alemtuzumab and
AHSCT therapies in a reference group with a mean follow-up
of 4.3 and 3.6 years, depending on the outcome.

Patient Characteristics
Patients in the alemtuzumab group were on average 2 years
older with a lower proportion of women and a lower level of
education compared to the patients in the AHSCT group
(table 2). Patients receiving alemtuzumab also had less
hospital-admission time, disability pension, sick leave, and
autoimmune disease; later onset of MS; shorter disease du-
ration; fewer previous therapies; lower (i.e., better) EDSS and
MSIS-29 scores; and higher (i.e., better) SDMT scores.
Within the AHSCT group, patients receiving Cy/ATG were
slightly younger; were more often female and with the RRMS
type; had lower education, less hospital admission time, less
sick leave, and less nonthyroid autoimmune disease, and
lower age at MS onset; more often had a single previous
therapy; and had lower EDSS and MSIS-29 scores compared
to the patients receiving BEAM/ATG. There were major
regional differences in therapy choice, with most regions
showing a preference for either alemtuzumab or AHSCT and
for 1 of the 2 conditioning regimens used for AHSCT (table
2). Before matching, patients starting reference treatments
were 5 to 7 years older than the patients in the alemtuzumab
and AHSCT groups, had less hospital days and sick leave, and

Table 3 Missing Data in Baseline Characteristics

Alemtuzumab AHSCT Cy/ATGa AHSCT BEAM/ATGa Ref. DMTs (unmatched)b Ref. DMTs (matched)c

No. 132 94 45 8,356 2,486

Place of birth 0 (0.00) 0 (0.00) 0 (0.00) 4 (0.00) 0 (0.00)

Education level 1 (0.01) 1 (0.01) 1 (0.02) 149 (0.02) 65 (0.03)

Hospital days 4 (0.03) 3 (0.03) 0 (0.00) 360 (0.04) 165 (0.07)

Sick leave 1 (0.01) 0 (0.00) 1 (0.02) 56 (0.01) 29 (0.01)

Disability pension 1 (0.01) 0 (0.00) 1 (0.02) 56 (0.01) 29 (0.01)

MS type 0 (0.00) 0 (0.00) 1 (0.02) 82 (0.01) 0 (0.00)

Age at MS onset 4 (0.03) 3 (0.03) 0 (0.00) 601 (0.07) 164 (0.07)

MS duration 4 (0.03) 3 (0.03) 0 (0.00) 601 (0.07) 164 (0.07)

EDSS score 15 (0.11) 24 (0.26) 10 (0.22) 2,903 (0.35) 871 (0.35)

SDMT score 26 (0.20) 75 (0.80) 36 (0.80) 2,437 (0.29) 700 (0.28)

MSIS-29 Physical score 27 (0.20) 76 (0.81) 33 (0.73) 2,357 (0.28) 670 (0.27)

MSIS-29 Psychological score 27 (0.20) 76 (0.81) 33 (0.73) 2,359 (0.28) 673 (0.27)

Abbreviations: AHSCT = Autologous Hematopoietic Stem Cell Transplantation; ATG = anti-thymocyte globulin; BEAM = BCNU, etoposide, cytosine-rabinoside,
and melphalan; Cy = cyclophosphamide; DMT = disease-modifying therapy; EDSS = Expanded Disability Status Scale; MS = Multiple Sclerosis; MSIS-29 =
Multiple Sclerosis Impact Scale; Ref. = reference; SDMT = Symbol Digit Modalities Test.
Number of patients with missing (proportion). Only variables with missing observations are shown; outcome variables had no missing observations.
a Conditioning regimen: Cy/ATG and BEAM/ATG.
b Reference noninduction therapy group comprising natalizumab, dimethyl fumarate, rituximab, and fingolimod.
c The reference group matched 10:1 to the alemtuzumab and AHSCT groups on age, sex, and region.
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Table 4 Main Outcomes After Therapy Start

Outcome/Group At Risk Events Person-Years IR/1,000 Person-years

Death

Alemtuzumab 132 4 466 8.6 (2.3–22.0)

AHSCT 139 1 583 1.7 (0.0–9.6)

Cy/ATGa 94 0 321 0.0 (0.0–11.5)

BEAM/ATGa 45 1 263 3.8 (0.1–21.2)

Reference DMTsb 2,486 7 10,710 0.7 (0.3–1.3)

Thyroid disease

Alemtuzumab 125 32 293 109.1 (74.6–154.0)

AHSCT 134 14 417 33.6 (18.4–56.4)

Cy/ATGa 91 7 228 30.7 (12.3–63.2)

BEAM/ATGa 43 7 189 37.1 (14.9–76.5)

Reference DMTsb 2,398 45 8,523 5.3 (3.9–7.1)

Thyroid hormone

Alemtuzumab 132 50 367 136.4 (101.3–179.9)

AHSCT 139 18 511 35.2 (20.9–55.6)

Cy/ATGa 94 10 293 34.2 (16.4–62.8)

BEAM/ATGa 45 8 219 36.6 (15.8–72.1)

Reference DMTsb 2,486 106 10,432 10.2 (8.3–12.3)

Nonthyroid autoimmune disease

Alemtuzumab 121 1 332 3.0 (0.1–16.8)

AHSCT 120 1 385 2.6 (0.1–14.5)

Cy/ATGa 87 1 226 4.4 (0.1–24.7)

BEAM/ATGa 33 0 159 0.0 (0.0–23.2)

Reference DMTsb 2,302 28 8,184 3.4 (2.3–4.9)

Any infection

Alemtuzumab 132 19 341 55.7 (33.6–87.0)

AHSCT 139 66 240 275.4 (213.0–350.4)

Cy/ATGa 94 35 167 209.4 (145.9–291.3)

BEAM/ATGa 45 31 73 427.5 (290.5–606.8)

Reference DMTsb 2,486 405 7,755 52.2 (47.3–57.6)

Any infection (not immediate)c

Alemtuzumab 124 15 284 52.8 (29.5–87.1)

AHSCT 132 35 324 108.0 (75.2–150.1)

Cy/ATGa 87 18 169 106.4 (63.0–168.1)

BEAM/ATGa 45 17 155 109.7 (63.9–175.6)

Reference DMTsb 2,317 349 6,788 51.4 (46.2–57.1)

Abbreviations: AHSCT = autologous hematopoietic stem cell transplantation; ATG = anti-thymocyte globulin; BEAM = BCNU, etoposide, cytosine-rabinoside,
and melphalan; Cy = cyclophosphamide; DMT = disease-modifying therapy; IR = incidence rate.
a Conditioning regimen: Cy/ATG and BEAM/ATG.
b Noninduction therapy group comprising natalizumab, dimethyl fumarate, rituximab, and fingolimod, matched 10:1 to the alemtuzumab and AHSCT groups
on age, sex, and region.
c Six-month lag period after therapy initiation before follow-up starts.
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had tried fewer previous therapies. These differences were less
obvious in the age-, sex-, and region-matched reference group.
Data were missing for some of the baseline variables, and the
missingness varied between the treatment groups, but there
were no missing observations for any of the outcome vari-
ables. Most missing data involved baseline EDSS, SDMT, and
MSIS-29 scores, especially for AHSCT-treated patients,
among whom 22% to 81% of patients had missing data
(table 3).

Mortality
There were 4 deaths recorded in the alemtuzumab group (IR
per 1,000 person-years 8.6, 95% CI 2.3–22.0, table 4): 2 sui-
cides, 1 heart attack (1.4 years after therapy start), and 1
cytomegalovirus reactivation with multiorgan failure within 1
month of therapy start. There was 1 death, a suicide, reported
in the AHSCT group (BEAM/ATG, >6 years after therapy
start), corresponding to an IR of 1.7 (95% CI 0.0–9.6). The
mortality rate in the matched reference group was 0.7 (95%
CI 0.3–1.3).

Thyroid Disease and Nonthyroid
Autoimmune Disease
A first-ever thyroid disease was diagnosed in inpatient or
specialized outpatient care in 32 alemtuzumab- and 14
AHSCT-treated patients (IRs per 1,000 person-years 109
[95% CI 75–154] and 34 [95% CI 18–56], respectively, table
4). The corresponding IR for the matched reference group
was 5.3 (95% CI 3.9–7.1). A similar pattern was evident for
prescriptions of thyroid hormone, which in addition captures

thyroid disease managed in primary care (table 4). Figure 1
(left panel) shows the proportion of patients without a di-
agnosis of thyroid disease over time from therapy start. First-
ever nonthyroid autoimmune disease was rare, with an IR 3.0
(95% CI 0.1–16.8) for alemtuzumab, 2.6 (95% CI 0.1–14.5)
for AHSCT, and 3.4 (95% CI 2.3–4.9) for the matched ref-
erence (table 4).

Infection
An infection diagnosed in inpatient or specialized outpatient
care occurred in 19 alemtuzumab- and 66 AHSCT-treated
patients (IR per 1,000 person-years 56 [95% CI 34–87] and
275 [95% CI 213–350], respectively, table 4). The corre-
sponding IR for the matched reference group was 52 (95% CI
47–58). The incidence of infection was highest immediately
after AHSCT but dropped to a level closer to the alemtuzu-
mab and reference groups within the first year (figure 2). No
clear temporal pattern could be discerned in the alemtuzumab
and reference groups. When we assessed the nonimmediate
effects of therapy by starting follow-up 6 months after therapy
initiation, the IR for infection was instead 53 (95% CI 30–87)
for alemtuzumab, 108 (95% CI 75–150) for AHSCT, and 51
(95% CI 46–57) for the matched reference (table 4). The rate
of infection differed between the AHSCT conditioning regi-
mens, with an initial higher rate for BEAM/ATG (IR 428,
95% CI 291–607) compared to Cy/ATG (IR 209, 95% CI
146–291). However, this difference disappeared after 6
months of follow-up. The most commonly diagnosed infec-
tions close to AHSCT treatment were herpesvirus infections
(especially varicella zoster and in the BEAM/ATG group)

Figure 1 Thyroid Disease After Therapy Start and Proportion of Patients Not Starting a New Therapy

Kaplan-Meier plots of (A) proportion of patients without thyroid disease after therapy start and (B) proportion of patients not starting a new therapy. Patients
with thyroid disease before therapy start were censored. Reference group comprised the noninduction therapies natalizumab, dimethyl fumarate, rituximab,
and fingolimod, matched 10:1 to the alemtuzumab and autologous hematopoietic stem cell transplantation (AHSCT) groups on age, sex, and region. DMT =
disease-modifying therapy.
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and bacterial sepsis, followed by a wide variety of both viral
and bacterial infections (data not shown). After 6 months,
herpes infections were still the most commonly diagnosed
infectious event, especially in the BEAM/ATG subgroup. For
alemtuzumab, infections were more heterogeneous. Di-
agnosis of varicella zoster infection had an IR 8.3 for alem-
tuzumab, 20.4 for AHSCT (Cy/ATG 16.6, BEAM/ATG
24.9), and 1.8 for the matched reference (table 5). Systemic
antibiotics and herpes antivirals were given to almost all pa-
tients after AHSCT and to a majority of patients after alem-
tuzumab (table 5). No cases of progressive multifocal
leukoencephalopathy were found.

Other Safety Outcomes
Two cases of invasive cancer were recorded in the alemtu-
zumab group (IR per 1,000 person-years 5.4, breast and uri-
nary bladder cancer, respectively) compared to no cancers in
the AHSCT group and an IR of 1.4 in the matched reference
(table 5). One case of basal cell carcinoma was reported in the

AHSCT group (table 5). Blood cell disorders (aplastic ane-
mia, thrombocytopenia, and agranulocytosis) were rare when
follow-up was started after a lag time of 6 months from
therapy initiation (table 5). There were no major acute car-
diovascular events in the alemtuzumab group and 1 event in
the AHSCT group (a cerebral infarction) (table 5). Diagnoses
relating to the reproductive organs and fertility were common
with AHSCT, especially in women (IR 169) and in the Cy/
ATG subgroup (IR 190), compared to the other groups (IR
33–38) (table 5).

Starting New Therapy
The IRs per 1,000 person-years for starting a new MS DMT
were 26 (95% CI 13–46) for alemtuzumab and 28 (95% CI
16–47) for AHSCT, which were substantially lower than for
the matched reference group (IR 134, 95% CI = 126–142)
(table 5). Patients with AHSCT having received the Cy/ATG
conditioning regimen had a higher rate of starting a new
therapy compared to those receiving BEAM/ATG. Figure 1

Table 5 Secondary Outcomes After Therapy Start

Outcome Alemtuzumab AHSCT Cy/ATGa BEAM/ATGa Reference DMTsb

No. 132 139 94 45 2,486

Infection

Varicella zoster (diagnosis) 3 (8.3) 9 (20.4) 4 (16.6) 5 (24.9) 16 (1.8)

Herpes antivirals 113 (781.0) 123 (1,168.0) 85 (1865.3) 38 (636.1) 345 (34.5)

Systemic antibiotics 81 (312.2) 122 (1,055.3) 81 (1,203.2) 41 (849.0) 1,435 (244.5)

Cancer

Invasive cancer 2 (5.4) 0 (0.0) 0 (0.0) 0 (0.0) 12 (1.4)

Basal cell carcinoma 0 (0.0) 1 (2.1) 1 (4.0) 0 (0.0) 4 (0.4)

Blood cells

Aplastic anemia (not immediate)c 2 (6.5) 3 (7.4) 0 (0.0) 3 (15.1) 20 (2.6)

Thrombocytopenia (not immediate)c 2 (6.5) 0 (0.0) 0 (0.0) 0 (0.0) 7 (0.9)

Agranulocytosis (not immediate)c 3 (9.9) 2 (4.9) 1 (4.9) 1 (4.9) 7 (0.9)

Cardiovascular

Major acute cardiovascular event 0 (0.0) 1 (2.1) 0 (0.0) 1 (4.4) 6 (0.7)

Reproductive organs and fertility

Female reproductived 7 (33.3) 40 (169.0) 25 (189.7) 15 (143.0) 204 (37.8)

Male reproductived 0 (0.0) 4 (27.8) 2 (28.3) 2 (27.3) 17 (5.6)

New therapy

Starting new therapy 11 (25.6) 15 (28.3) 10 (33.9) 5 (21.3) 1,047 (133.8)

Abbreviations: AHSCT = autologous hematopoietic stem cell transplantation; ATG = anti-thymocyte globulin; BEAM = BCNU, etoposide, cytosine-rabinoside,
and melphalan; Cy = cyclophosphamid; DMT = disease-modifying therapy.
Number of events (incidence rate/1,000 person-years).
a Conditioning regimen: Cy/ATG and BEAM/ATG.
b Noninduction therapy group comprising natalizumab, dimethyl fumarate, rituximab, and fingolimod, matched 10:1 to the alemtuzumab and AHSCT groups
on age, sex, and region.
c Six-month lag period after therapy initiation before follow-up starts.
d Female and male reproductive outcomes only in the female and male populations, respectively.
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(right panel) shows the proportion of patients without new
therapy over time from therapy start.

Prescription Drugs and Health Care
Drug prescriptions increased slightly over time in all groups,
with peaks around therapy start (highest for AHSCT) and the
second dosing of alemtuzumab after 1 year (figure 2). AHSCT
was also associated with considerable in-hospital care, corre-
sponding to 25% of all days in the first 3 months after therapy
start (figure 2). This pattern was less evident for alemtuzumab
and the noninduction therapies, and hospitalizations stabilized

at <1% of the total time in all groups after the first 3 months of
therapy.

Discussion
In this observational study using high-quality data from clinical
practice recorded in Sweden’s nationwide health registers, we
investigated safety outcomes for all patients with MS in Sweden
treated with alemtuzumab and AHSCT compared to a matched
reference group receiving noninduction MS DMTs. While the
effectiveness of both alemtuzumab and AHSCT is considered
high, safety concerns have limited their use, and studies com-
paring safety outcomes across therapeutic options have so far
been rare. Our main findings were a higher incidence of thyroid
disease with alemtuzumab and, to a lesser extent, with AHSCT, a
higher incidence of infection with AHSCT, and a low incidence
of nonthyroid autoimmune disease for both therapies.

A major concern with alemtuzumab treatment has been an in-
creased risk of secondary autoimmune disease, in particular
thyroid disease and immune-mediated thrombocytopenia.2,11,12

We report here a higher incidence of thyroid disease after
treatment with alemtuzumab than previously seen in the clinical
trials2,11,12 and in line with recent observational data.13 Notably,
preexisting autoimmune conditions represented an exclusion
criterion in the Comparison of Alemtuzumab and Rebif® Effi-
cacy in Multiple Sclerosis (CARE-MS) trials.2,11 We further
found a higher incidence of thrombocytopenia after alemtuzu-
mab compared to the matched reference group, similar to what
was found in the clinical trials.2,11,12 The incidence of first-ever
nonthyroid autoimmunity with alemtuzumab was similar to that
in the reference and AHSCT groups. Unfortunately, the groups
were too small to analyze whether preexisting or posttreatment
emerging thyroid autoimmunity was associated with a higher
incidence of nonthyroid autoimmune disease after treatment.
No cases of autoimmune hepatitis or hemophagocytic lym-
phohistiocytosis were recorded. The incidence of diagnosed
infection in the alemtuzumab group was similar to that in the
reference group, but the use of antibiotics and especially antivi-
rals was higher after alemtuzumab, likely reflecting an actual or
perceived increased infection risk that is managed pro-
phylactically. One of the 4 deaths in the alemtuzumab group was
directly related to the alemtuzumab treatment, a case of cyto-
megalovirus reactivation with multiple organ failure occurring
within 1 month of the first treatment cycle. For the remaining 3
cases, the relation to alemtuzumab was uncertain.

A range of different treatment-related adverse events have been
reported for AHSCT, of which treatment-relatedmortality is the
most severe.3 In our study, only 1 death occurred after AHSCT
during the observation period, a suicide 6 years after therapy
start. The mortality rate for AHSCT was similar to that of the
matched reference group and much lower than in most previous
reports.3 This may be explained in part by the type of ablative
conditioning used because less aggressive regimens have become
more common. In this cohort, Cy/ATG had been used in 68%

Figure 2 Infections, Drug Prescriptions, and Time Spent in
Inpatient Care Before and After Therapy Start

Incidence rate (events per month) of (A) diagnosed infection and (B) pre-
scription of drugs and (C) the proportion of time spent in inpatient care in 3-
month intervals 3 years before and after therapy start. Patients were not
censored at an event and continued to contribute person-time. Reference
group comprised the noninduction therapies natalizumab, dimethyl fuma-
rate, rituximab, and fingolimod, matched 10:1 to the alemtuzumab and
autologous hematopoietic stem cell transplantation (AHSCT) groups on age,
sex, and region. DMT = disease-modifying therapy.
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and BEAM/ATG in 32% of the patients undergoing AHSCT,
and there were some differences in the baseline characteristics of
these subgroups (table 2). A diagnosis of infection was the most
common adverse event with AHSCT. The incidence was highest
immediately after therapy start but remained higher than for
both the alemtuzumab and the matched reference groups after 6
months from therapy start. The incidence of infectionwas higher
close to BEAM/ATG conditioning compared to Cy/ATG but
dropped to similar levels after 6months. This difference between
the conditioning regimens should be interpreted cautiously be-
cause routines for infection prophylaxis may have differed.
According to previous studies, the infection risk in the reference
group varies depending on type ofDMT,with rituximab (22%of
our reference group) having the highest risk of hospitalized in-
fections.14 The incidence of thyroid disease in theAHSCTgroup
was higher than in the matched reference group but lower than
in the alemtuzumab group. Disorders relating to the re-
productive organs and fertility were common in the AHSCT
group, especially in women and in those having received Cy/
ATG conditioning. The Cy/ATG subgroup was alsomore likely
to start a new therapy compared to the BEAM/ATG subgroup.

The main strengths of this study are the use of national health
registers with mandatory reporting and virtually complete
coverage, together with the Swedish MS register with its high-
quality data on treatment episodes and the availability of a large
reference group of noninduction therapies. Although the data
were of good overall quality, there was significant missingness
in the rating scales of disease severity around treatment start,
which was distributed unevenly across therapies. However,
there were no missing observations for any of the outcome
variables, and the missingness affected mainly the ability to
perform more exact matching on disease characteristics. We
also had no information on visits and diagnoses in general-
practice outpatient care, and it is therefore likely that the in-
cidences reported for the diagnosis-based outcomes are
underestimated. This is a concern mainly for milder adverse
events managed in primary care because more serious illness
will be treated in inpatient or specialized outpatient care for
which data were available. Because the follow-up ranged be-
tween 3 and 4 years, it was not possible to detect longer-term
adverse events, which is especially important to consider when
interpreting the incidence of cancer and serious late-onset au-
toimmune events. Additional limitations include potential
channeling to therapy and surveillance bias, making direct
comparisons between the groups more difficult. However, the
regional preference and experience of treatment with either
alemtuzumab or AHSCT seemed to be the decisive factor
explaining the difference in treatment choice (table 2). The
channeling to therapy effect would therefore be strongest in
comparisons to the noninduction therapy reference group, for
which matching was performed to mitigate this issue. It is likely
that residual bias still exists in this comparison because the
matching did not involve any MS-specific covariates and it is
well accepted in the clinic that alemtuzumab and AHSCT are
generally used to treat more aggressive disease, normally re-
quiring breakthrough on previous therapies (as can be seen in

the number of previous therapies in table 2). The difference in
aggressiveness of MS would be more important if we were to
investigate effectiveness outcomes, but the higher use of pre-
viousMS therapies could potentially also affect safety outcomes
by a carryover effect, in which a previous therapy is actually
causing the events that we find. However, because the majority
of previous therapies are those in the reference group, any effect
that could carry over to the alemtuzumab and AHSCT groups
would also be seen in the reference group. A possible source of
surveillance bias was that the patients undergoing AHSCT will
generally be monitored more closely during and in the months
after conditioning, often in the hospital, compared to those
receiving alemtuzumab or the noninduction therapies. On the
other hand, alemtuzumab-treated patients are followed up
more carefully with blood and urine tests. These differences
also complicate the severity assessment of infections, especially
around therapy start for AHSCTbecause hospitalization occurs
regardless. In addition, prophylactic antibiotics and antivirals
are recommended for 6 to 12 months after AHSCT and anti-
virals for 1 month after alemtuzumab infusion, limiting the use
of these as indicators of infectious events and potentially al-
tering the comparison to the reference group for which there
are no such recommendations. Finally, the preference of con-
ditioning in the AHSCT group has changed over time, with a
sharp increase of Cy/ATG in 2014 (data not shown). Because
recommendations and guidelines for AHSCT treatment have
likely also changed over the years, comparisons between the
conditioning subgroups should be made with caution. Studies
focused specifically on comparing these conditioning regimens
are needed to explore any differences further.

Despite the descriptive nature of this study, the differences in
incidence of thyroid disease and infection between the groups
were great enough to allow a comparative interpretation even
in the absence of confounder adjustment. There were differ-
ences in baseline characteristics between the groups, but they
were mostly minor, and it is unlikely that confounding alone
could cause the sharp increase in incidence that occurred
directly after patients received treatment. The size of the
differences and the clear temporal relationship with therapy
start make a causal interpretation plausible.

A third induction-type therapy, cladribine, was approved for
MS in 2017, but because it is so new, there were not enough
treated patients to include it in our analyses. Future studies are
needed to investigate how cladribine compares to alemtuzu-
mab and AHSCT.

Collectively, in this study of 132 alemtuzumab- and 139
AHSCT-treated patients, we confirm the previously reported
increased incidence of thyroid disease for alemtuzumab and,
to a lesser extent, also for AHSCT and found a higher in-
cidence of infection for AHSCT (highest for BEAM/ATG)
compared to both the alemtuzumab group and the matched
noninduction therapy reference group. The incidence of first-
ever nonthyroid autoimmune events was similar between the
groups. Disorders relating to reproductive organs and fertility
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were common in the AHSCT group, especially in women.
Other adverse events were rare but still more common in the
alemtuzumab and AHSCT groups than in the matched ref-
erence group. Overall mortality was slightly higher in the
alemtuzumab group, but only 1 of the 4 deaths was clearly
linked to the treatment.
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