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Abstract

Multiple sclerosis (MS) is an autoimmune neurodegenerative disease that targets myelin, leading to inflammation and neu-
ron death. Monoclonal antibodies (MAb) have long been used to control the progression and exacerbations of this disorder,
which may induce secondary autoimmune disease as a rare adverse event. This systematic review aimed to gather data of case
reports around this subject and to explain the mechanism behind their occurrence. PubMed, Scopus, and Google scholar were
searched for published case reports until February 21st 2024. The Joanna Briggs Institute (JBI) critical appraisal checklist
was used to assess the quality of the included studies. In total, 20 articles met the inclusion criteria and were reviewed by the
authors. The most autoimmune disorders were thyroiditis and as expected induced by alemtuzumab. Ocrelizumab had one
secondary autoimmune complication reported. MAbs used in MS immunotherapy have shown to induce secondary autoim-
mune disorders including endocrine complications, which have been reported in many case reports. It is recommended to

use these agents with caution and monitor patients for symptoms of the aforementioned conditions.
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Introduction

Multiple sclerosis (MS) is a chronic autoimmune disease
characterized by inflammation, demyelination, and neurode-
generation within the central nervous system (CNS), char-
acterized by demyelination, axonal damage, and progressive
neurological disability. MS typically manifests between the
ages of 20 and 40, with a higher prevalence in women, and
is recognized as the leading cause of non-traumatic disabil-
ity among young adults (Ghiasian et al. 2021). While the
exact etiology of MS remains elusive, it is widely accepted
that genetic and environmental factors contribute to disease
susceptibility and progression. Among the environmental
factors, vitamin D deficiency, viral infections, and smoking
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have been implicated in the pathogenesis of MS (Abdol-
lahzadeh et al. 2016; Poorolajal et al. 2017).

The efficacy and safety of disease-modifying therapies
(DMTs) have garnered significant attention in MS manage-
ment. While DMTs have revolutionized the treatment land-
scape for MS, their use is not without risk. Moreover, the
efficacy of DMTs varies among individuals, and a substan-
tial proportion of patients continue to experience disease
progression despite treatment (Ghiasian et al. 2022). Recent
studies have reported new adverse effects associated with
therapies, underscoring the importance of post-marketing
pharmacovigilance in optimizing patient care (Sahraian et al.
2022; Simbrich et al. 2021).

Among the various biological therapies used in MS man-
agement, alemtuzumab has drawn attention to its efficacy
in reducing disease activity. However, it is associated with
a spectrum of thyroid-related adverse events, including
Graves’ disease and orbitopathy, which can have significant
clinical implications (Scappaticcio et al. 2020). Additionally,
studies have identified risk factors and clinical characteris-
tics associated with alemtuzumab-induced Graves’ disease,
providing insights into personalized risk stratification and
preventive measures (Ueland et al. 2023).
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Given these challenges, there is an urgent need for more
personalized therapeutic approaches and a deeper under-
standing of the disease mechanisms at the individual level.
Although extensive research has been conducted on MS,
critical gaps remain, particularly in identifying biomark-
ers for predicting treatment response and understanding the
long-term effects of current therapies.

In light of the multifaceted nature of MS pathogenesis
and management, this study aims to investigate the potential
role of biological therapy in inducing autoimmune endocrine
diseases in MS patients. By doing so, it seeks to contribute
to developing of more tailored treatment strategies, ulti-
mately improving outcomes for individuals living with MS.

Method
Data sources

This systematic review aimed to identify and analyze auto-
immune endocrine disorders associated with DMTs used to
manage MS attacks and progression. The review adhered
to the PRISMA (Preferred Reporting Items for Systematic
Reviews and Meta-Analyses) checklist guidelines. Searches
were conducted in Google Scholar, PubMed, and Scopus
databases for studies published up to February 2024.

Search strategy

The search strategy included the following terms: “multiple
sclerosis,” and (Natalizumab or Ocrelizumab or Rituximab
or Alemtuzumab or Ofatumumab or Ublituximab), and (case
report) and all MeSH terms in Pubmed Database. In Scopus,
each monoclonal antibody AND “multiple sclerosis” was
searched separately in Abstract/Title section and the total was
added to the records. Google Scholar was searched for each
monoclonal antibody AND “multiple sclerosis” separately; the
total was then added. The selection of biologic drugs was based
on therapies recommended by Wolters Kluwer’s UpToDate®.

Eligibility criteria

The inclusion criteria for this study were as follows: (a)
case reports or case series, (b) addressed the autoimmune
endocrine complications of MS immunotherapy, (c) had a
full text available. Records were excluded if they were (a)
non-English or (b) complications other than endocrine dis-
orders, (c) the review and meta-analysis studies, and letters
to editors, clinical trials, and qualitative studies.

The authors agreed to refer to the Global Autoimmune
Institute’s Autoimmune Disease List (2024) to standardize
disease categorization.

@ Springer

Data extraction

Endnote® 7 (Clarivate Analytics) facilitated screening and
data extraction. Two researchers independently extracted
data based on predefined criteria, with results reviewed by
the remaining authors.

Quality assessment

The methodological quality of case report studies was
assessed using the Joanna Briggs Institute (JBI) critical
appraisal checklist, which includes eight Likert questions
evaluating crucial aspects of case reports (Munn et al. 2020).
These criteria assess the accuracy of patient demographic
information, documentation of patient history, description of
current clinical conditions, clarity of diagnostic and thera-
peutic measures, elucidation of post-therapeutic interven-
tion outcomes, and identification and explanation of reported
side effects. The overall utility of case reports was evaluated
accordingly. See t 2 for detailed assessment criteria.

Results

A comprehensive search of the aforementioned databases
up to February 21st, 2024, yielded 85 articles. After remov-
ing 58 duplicate articles, 27 unique articles underwent
independent review by two researchers. Screening of titles
and abstracts led to excluding additional six articles. Subse-
quently, the remaining articles underwent full-text assess-
ment, resulting in the exclusion of no articles (see Fig. 1).
Ultimately, 21 articles met the eligibility criteria.

These 20 articles provided data on 38 patients, with
records primarily originating from Italy, Germany, and the
UK, in descending order of prevalence. Additional records
were sourced from Canada, Greece, Australia, Ireland, the
USA, and Portugal. The summarized findings of these stud-
ies are presented in Table 1.

Of the eligible studies, 17 investigated autoimmune der-
matologic complications associated with Alemtuzumab in
MS patients, while two studies focused on Natalizumab and
one on Ocrelizumab. Consequently, 38 patients across 20
studies examining three different biological therapies for MS
were identified.

Alemtuzumab

Alemtuzumab, a monoclonal antibody that targets CD52,
a protein on surface of B, T lymphocytes, monocytes and
dendritic cells, has been utilized for chronic lymphocytic
leukemia (CLL) and other lymphoid neoplasms (Katsavos
and Coles 2018). Research has confirmed its effectiveness
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Fig. 1 Study selection process
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in decreasing relapse rates of multiple sclerosis (MS) and
disability progression, as well as its beneficial effects on
radiological disease outcomes (Willis and Robertson 2016).
However, its complications such as secondary autoimmune
disease, necessitate careful monitoring and management
(Cossburn et al. 2011).

Autoimmune complications

Alemtuzumab has been associated with many autoimmune
complications, e.g., immune thrombocytopenia, hemolytic
anemia, hepatitis, encephalitis, myasthenia gravis, Lam-
bert—Eaton myasthenia, sarcoidosis, vitiligo, alopecia,
myositis, and type 1 diabetes, but most prevalent reported
is autoimmune thyroiditis by 33%, of which 63% were GD
and 15% Hashimoto’s. (Yue et al. 2023).

Research indicates that alemtuzumab can lead to pro-
longed lymphopenia and trigger secondary autoimmun-
ity during the reconstitution of the lymphocyte repertoire.
Cytokine signaling, e.g., increased Interleukin 21 and
decreased IFN, also has been proposed to play a role (Con-
way 2022). Patients with high baseline levels of Interleu-
kin21 are at a higher risk of developing autoimmune condi-
tions post-treatment with alemtuzumab (Ruck et al. 2022;
Costelloe et al. 2012). The incidence of thyroid dysfunction
in the first 3 years rises each year (Alamo et al. 2019). This

typically tends to resolve on its own in approximately 30%
of cases, possibly attributed to a higher frequency of neutral-
izing or blocking TRAb. (Moli et al. 2021).

Natalizumab

Natalizumab is a monoclonal antibody used to treat RRMS
(Hutchinson 2007). Natalizumab inhibits the interaction
between the integrin alpha subunit of VLA-4 on leuko-
cytes and VCAM-1, which is vital in regulating immune
and inflammatory responses. Research indicates that the
VLA-4 and VCAM-1 pathways may be significant in the
autoimmune response seen in autoimmune thyroid disorders
(Marazuela et al. 1994; Nakashima et al. 1994).

Autoimmune complications

Natalizumab has been associated with the development of
autoimmune hepatitis, immune thrombocytopenic purpura,
and rheumatoid arthritis (Lisotti et al. 2012; Stosic et al.
2011; Su et al. 2020). Some theories suggest that Immune
Reconstitution Syndrome (IRS) plays a role (Carcelén-
Gadea et al. 2013; Metz et al. 2012) and also inducing a
shift towards a Th17-mediated inflammatory response while
blocking Thl cell entry can be an explanation (Su et al.
2020). However, additional research is necessary to fully

@ Springer



Naunyn-Schmiedeberg's Archives of Pharmacology

1€C (/N1 09>)av3L
Y01 (1/N109>)aVOd.L
9T (VNIST1>)qvdlL
9sBISIp
Jlozewiqred proAyy (€102
JuoISnyuI 18| SN unw Te 1@
4/0% NN 00> (TUNIW 9°'6—p€°0) HSL Ioje spuowr ¢ josreak ¢ -wiony  eyuery)
£'68S (Tw/n 09>)av0d.L
powrjo3
-ug/q1 d.LI pue
swojdwks ©39q NAT aseasIp
[edtul[o> ou /¥00C proxiy (9102
asop JuoISnyuI 3| Qouts Qunw R
IN/8C  PUC 0} panunuos L'SIe (Tw/N 09>) QVSL  1e)ye syuow 6 SINgY  -wiomy  uueulaqQ
G81 (Tw/n $€>)avVOd.L
S6'v (/N SL1>) AVIHSL
889 (Tw/n 0 >) V3L
an
Jo AJ03STY
IOYION
pow1jo3
-uy jef d.LI pue
€19 NAI 9SBasIp (9102
o[ozewqred /1102 proIAyy ‘e 19
panun JUOISTJUI IS | Qouts Qunuwr uuew
IN/9C  -UOS 10N /3[qelS 100> (Twynr ¢-¢'0)HSL  Toye syiuow || SINYY  -wiomny -1990)
414 (Tw/N1 6>)qvOd.L
961 (Tw/N1 ¥>)qvSL
L6y
wst
-proI&y)
-odAy 10§
qurxol K10)s1Y
-Ky)0AQ] udYy) Aprurey EN=N
[oroueadoxd oATISOd  PIOIAY) 610T
wSIPIoIAY) Juoisnjul pug NAT ounw ‘e qe wnz
d/Lg  -0dAy pamoyjoq 00 (1INW TH—p€°0) HSL  1oIJe sypuowt g1 /SINGY -wiomy owely)  -MWoLy
juowaSeuR
JuoneZImn Kyunw
3nap pasnooe K10)51Y -wrone
I9puan)/a8y awoonQ s3urpuy qe] Jo aurpow], [BOIPIIN Jo odAy, Apms s3niq

SOIPOQNUE [BUO[OOUOW STA AQ POONPUT 9SLISIP SUNWIWIOINE SULIDOPUS JO sarpmys 11odar ase)) | 3jqel

pringer

AQs



Naunyn-Schmiedeberg's Archives of Pharmacology

Tw
/0 o <oesderay
Tw/n ¢l (LS'0>)avdl
Tw
/NI ¥ GeGrasderay (09>)0d1aV
Tw
/01 008 < :esdefay
T/ $ELT (09>) qv3L
TN 100
pour eruad
-1j03uy -onnau
S[oZeWION  pue uoley 9[LIqe) (ozot
Kut 0309 jesop pug -1l /ST pue gD Te 1@
d/€¢ -proxkypuesin  (Tuy/ng Gy pieseq (TE€-SC0)HSL IoyereakouQ 18 SINIY Torag oduerg
881 (VN109>)av3L
€8 (/01 09>)0d L
Jlozew
A 9¢ (VOIS T>) qQvyL  -lqieo/uoisnjul - qeIaq NI 9seasIp
Jreyouus proiku (€102
0)09 ST /SN ounw Te 1
d/9%  -proIky) [eroiqng S0'0> (T/NIW 9°6—€°0) HSL 1oKje spuow ] Jo siedak o -wiony equely
88 (U016 1>) avaL
101
-oueidoid pue aseasIp
J[ozewqred ewIyse proIAyy (€10T
At 0309 JUOISIuI IS | JSINTY sunw eR
d/9¢  -proikys eioiqng 00> (TU/NIW 9'6—€'0) HSL 1o syjuowr /7 Josieak ¢ -wiomy eyuely
0LT (NI ST>) qViL
QuIXOI
-KYI0AQ] USY) qreleq 9seasIp
dlozewigres NAT proiku (€10
Juorsnyut 3s | JSINTT ounw ‘Te 1
d/€$ EICIAAY S0'0> (T/NIW 9°G—€"0) HSL 1oMje Syiuow 6¢  josieak ,  -wiony eyuely
JuowdSeURI
Juonezimn Kyunuwx
3nap pasnooe K10)51Y -wrone
heTolielgYerav QwoanQ sSurpuy qe| Jo aurpowL], [BOIPIN Jo odAL, Apnig sSniqg

(ponunuoo) | sjqey

pringer

As



Naunyn-Schmiedeberg's Archives of Pharmacology

g'lc
:980p pug ey (V0 S'1>) vl
/N 10°0 > :Ade
-1y} 1O
JuIsqe
:9s0p pug Iy
/0w 80°0:810C
Ayyedowr
wsipror  -reyyydo
swoydwAs wnru  -AypredAy \S9ARID)
D pauasIom -9[es + 910z [eoruryd pue
Inq 9sop pug -ewIyow -qns Qwoip
0) panunuo) /qeunznjuore L102 WV -uks
Juonesrpaul [entr jo /sTeOK ¢ 1rRyUYT (120t
d4/9¢ s paaorduy /N g°o-eseq HSL sypuow ¢ .1oye 10} SN -SULIRIN ‘[ 19 T[OIN
plo}
-ewnoyI
SOLIYIe
pue uon
-ounysAp
proAy)
Jo K103sTY eruad
[ojouead Aqrurey -01£00q
-o1d + 90z oAlISOd  -woay)
soseyd Suneu -ewey) WSIUIq[y ~ Qunuwr
-I3)[e WSIPIOI /QeWwnZnjuwore 6002 juaI (1202
-Ay1adAy pue JO $9SIN0D ¢ Qours -Inouo0d T’
d/L¢ od£y pamorjoq aansod arom S, ‘QVOdLL ‘QVSL IV 1o)e syjuow [g SINJY  puedD HNered
uonouny
proiAy) paje Jlozewqred 610T
-nony /oyeuoou JuoISnjul  SyoaM 7] wISIpIoT ‘e
d/9€  UT SISOITXOJOIAY, TSI (NI ST-0) AVIL Toye squow GT - VO/SINIY  -AiedAy  Aqeiren
[ojouexd
-o1d + 9[ozew
-Iqre)/qO  uorssaide
)M asougerp pow
ek | I9)ye -1joSuy
pue qewnz pue eyg
-MWde 0)  UOIJJIAUI (7202
d/L€ paroxduy /nw 100> HSL Ppoyams ¢e1v /S Ie SIN a  Aemuo)n
juowaSeuRy
Juonezimn Kyunuwx
3nap pasnooe K10)51Y -wrone
I10pUaD)/A3Y awonQ sSurpuy qe| Jo aurpwL], [BOIPIN Jo odA, Apnig sSnuqg

(ponunuoo) | sjqey

-
[
80
=]
k=
o
n
Gll



Naunyn-Schmiedeberg's Archives of Pharmacology

68 (Twn 09>)qvsL
€6 (Tw/n 09>)avOdL
4! (UN1>) QVYHSL [ojoueido
1d + 910z
-Buwrely ql ®1eq (stot
AN/Awo) juotsyutisy - NAI/900¢ LR
d/1€  -99ploIAy) [eI0], 100> (U/NW TH—€'0) HSL 1oye sypuowt §¢  0uls SN an IpInosy,
68 (Tw/n 09>)av3L
000€ < (Tuw/n 09>)avOdL
8 (UN1>) QVYHSL
[ojouexdox
d+9j0z
-eweryy Ioyouws
qy utosut - /NLH /91
NN /Ade oanisod osfe 19 NAT (s1ot
-1opooewreyd Juorsnjur 3s | /9002 e 10
N/SE Jo stpuowr 7| 100> (U/NW TH=€'0) HSL Toye sqpuow g7 0uIs S aon IpInosy,
NN 9sBASIp
/usiproifyodAy oAy, (s10T
onewo)dwAs uorsnjur pug [eowuro BRE)
d/ve 01 paguey) HSL M07T  Io)je sypuoul 6 SINIA -qn§  MEZURN
wsIpIoI
foroxd  -AypradAy
-ojow +9[0z  pue -odAy
-Bwyow K1o1s1y (s10T
Juoisnjul pug Arurey ‘e
d/ve JAN /pesoxduy %L8S (%TT-9NIVY /2an1sod QVOdL  IeXe syuou 9] /SINIY ao  Hezyey
Qurxor
-Ky1oA9] uay)
AN [ojouexdoxd (s10CT
JusiproiAyjodAy JuoIsnjur pug 9seasIp ‘T
d/LE 01 paguey) oanisod qyOdL  Ioye syuow ¢ S PloIAyL  Lezye
QUIXOIAYJOAI]
NN uep NILd (31174
JusiproiAyiodAy Juorsnjul pug EN =N B CRE]
W/ 6t 0) pasuey) %EE (%TT-9NIVY /oanIs0d QVOdL  191je syiuow 7| S proIAyL  Lezye
juowaSeuR
Juonezimn Kyunuwx
3nap pasnooe K10)51Y -wrone
heTolielgYerav QwoanQ sSurpuy qe| Jo aurpowL], [BOIPIN Jo odAL, Apnig sSniqg

(ponunuoo) | sjqey

pringer

As



Naunyn-Schmiedeberg's Archives of Pharmacology

qurxor SIN
-KyioA9] pue  pey YOI
LL8 (TW/NI 6'€>) QVSL urmsuy 7 sn qewnz
056 <(Tw/NI S€>)AVOdL  -Iploiky pue -TereN
9°6T (Tuw/ANg€-6€°0) HSL 1INd Woq pue NAI (610
Apoquue QD 2ADISOg  UOISNjuI pug /61 18 S9lqeIp LR
W/LE NN 7Ip/3W (OS <9s09N[S UL pue TP/SW (7S 2SOIN[S PoO[g  IANE SYIUOW §] SINIYI 1 2dAL, 11Ty
WSIPIOT
-AypodAy
urnsu/[INd =~ I9IsIs pue
uorsSnjuI pug IOYION
Io)Je SYIUOW g7 SAJqeIp 7
ooz 2dKy 1oyeq #1102
61 (‘T/1oww ¢'9-7'y) esoon(s-d “BWRI/dD el LR
Sunsey -eanisod sarpoqnue U7 ‘Z-VI ‘AVDO VDI ‘UOISNJUI pug I9}je SYIuoW 67 UOISnjul pug B9 NI~ s9leqeIp wonsd
d/ ¥€ Awo)oopIoIAy [, aanisod sarpoqnue yO ‘YOI UOISNJul pug 19)Je SYIUOW 7] PUe jusunean-ald JIoyje syqpuowt /] /g€ 18 SN I odA], -weN
796 (Tw/n 09>)av3L
68Y (Tuw/n 09>)avOdL
€ (UN1>) QVYHSL
IOpIOSIp
Krxuy
/e1 Bleq
JUSW)BAT} OU NAT (S10T
juotsnyuris| /900C ao e LR
d/LY NN 100> (/AW TH=€'0) HSL 9B SYIUOW ¢, 0UIS SN -Mu1oqns Ipmosy,
000€ < (Tw/n 09>)avOdL
(44 (UN1>) QVYHSL
[oroueido
1d + 910z Ioyowrs
“ewreny /el Bleq (s102
AN/Aw Juolsyurisy - NAI/L00T e
IN/8E  0193p1oIAT]) [BIO], 100> (/NW TH—€'0) HSL IoWe syiuowt ¢ 90uls SN an IpIos,
€L (Tw/n 09>)qV5L
6€ (1/N1>) AVYHSL
oJozewery)
reroadore
Ayoyed/uors Iayowrs (S10T
NN/Awo) -njurIs| 7002 e
d/y€  -99ploIAy) [eIo], 100> (/AW TH—¢'0) HSL JIo)e syiuow g7 0uIs SN an IpInosy,
JuowdSeURI
Juonezimn Kyunuwx
3nap pasnooe K10)51Y -wrone
heTolielgYerav QwoanQ sSurpuy qe| Jo aurpowL], [BOIPIN Jo odAL, Apnig sSniqg

(ponunuoo) | sjqey

pringer

AQs



Naunyn-Schmiedeberg's Archives of Pharmacology

gee (N1 1>) aViL
/A100€1 < qQvOdL
Ayyedo
-)1q10
SOARID)
Surrag
uoneqe Ioyouwrs -3y
Quipoloipelr -Xg /el uo nm
Juoneniut BIOQ NAI ~ -Bsuodal (610C
/6¢ panunuod /AN 610 (/N §'6—GE€"0)HSL Toyereok [ /pTIB SN QUnWW] [e 19 SO0y
6¢C (VAL 1>) aViL
penunuod /A100¢T < 4vOd.L
Ayjedo
-)1q10
SaARID
Surrad
9yowr§ -3
/BT ®19q uo nm
JON 159} JAN /9s0p pug NAI ~ -Bsuodal (6102
/LYy Qe[ pazi[eulloN €0'0> (VAW C'G—CE'O)HSL  Myesypuow / /[y e SW  Sunww] ‘[e)d s00y
or< (VN1 1>) avilL
BUEZY qQvOd.L
Aqyedo
-)1q10
SAABID
Surrad
QUIXO0IAY) pue -3
panunuod 30 Jlozew 1qIed BJ ©J9q uo 9N}
Nuawasordu juorsnjur yy, NAI/9C  -hsuodal (6102
N/9¢ W3S 00> (AW §'6—CE'O)HSL Ioye syuow g 0UIS SN dUNWW] [ 19 S00Y
utnsu/TINd
uoIsnjur pug
I9)je syjuow (]
QUIXOIAYIOAI]
TAISTAVYL  /sniproiky Asdondg (6107
¥ (TW/NI S€>)QVOdL  uoIsnjurisy NAI/ET  seRqeld ‘e
d/ 8¢ NN 092 (Tw/ANS €—6¢"0) HSL 1oje sypuow 0] I8 SN [ 2dAg, Iy
juowaSeury
JuonezImn Kyunuw
3nap pasnooe K10)51Y -wrone
I0puUaD)/A8Y woanQ sSurpuy qe| Jo aurpow], [BOIPIN Jo adAL, Apnig sSniqg

(ponunuoo) | sjqey

pringer

As



Naunyn-Schmiedeberg's Archives of Pharmacology

o< (Tw/NT 1-0) AVIL
wsT
-proxfuyy (610C
Q)eUOU A1) nLd/ yoom g -1odAy °R
d/ LT 10} 9jozeullqlen T/NW €00 HSL JIe)je sypuowt ¢g vD ao Teey L
oy < (A1 1>) aviL
panunuod JoN A1 s> qQvOdL
Ayyedo
-3g1o
SoAeID
Sura3
-3
uo nny
/Kwo} Juorsnjur -1SU0AI 610T
d/S  -99ploIAy) [eI0], 00> (T/NW §'6—GE'OHSL sz Ioyesieak g 9p e S ounwiw] ‘[e 3o S0oy
NI 8LET qvOdL
Ayedo
-1glo
SoARID)
Surrag
uoneqe -3
QuIpoloIper uo N
paon Juorsnjut 3s | -1SU0AI 610T
d/vS  -ubuod JON/AN €9 (VNw ¢'S—GSE 0)HS.L IoyesieoAg  ¢pIe SN QUNWW] e 10 SO0y
6'ST (UN11>) aviL
T/NI00er < qQvOdL
s.ojowr
-lyseH
oy
wsIpr
01Ay)
qur XoIAY) -odAH
ponun Juorsnjut 3s | Ioyouws [estur 610T
/9 -uoD /paSeuey 1! (V/NW ¢'G—GE O)HSL Ioye squow o /91 1e S -qng  '[e 30 sooy
JuswaSeuRA
Juonezimn Kyunuwx
3nap pasnooe K10)51Y -wrone
heTolielgYerav QwoanQ sSurpuy qe| Jo aurpowL], [BOIPIN Jo odAL, Apnig sSniqg

(ponunuoo) | sjqey

-
[
80
=]
k=
o
n
Gll



Naunyn-Schmiedeberg's Archives of Pharmacology

08¢-06C (/W 001-0) AVOd.L
€00
[orou
eidoid + uog 0102
-ost upaid Qours #10T
ponun JuonenIur qewnz sn) Te 1@ q ewinz
d/8¢ -u0o /pasoiduy CL'C -osed (AW TH=€°0) HSL  1oye syjuow g -TeyeN  -IproIkyL, oPPO [ereN
uors  sisouSerp 9sBISIp 9102
-nJur 3T Iojje mun SN okd Te 1@
d/9¢ Awoyoeproihyy (88 yead) 6'¢e—L1 (UNIST>)AVIHSL Teek gisow[y  Josmak ¢ PIOIAYL, quiy,
44 (/NI v€>)avOdL
1°01 (VAISLT>) aVIL
6'6L (UN1$$°0>) ISL
ao pado SIoyowWs Suo 1ed
JAN /soprure -[9A9p qewinZ oM § -1idwos (€20T
(I ¢pue  -omy) pasn 4 pue -MuwoTe 10)je /SIN JO okd Te 1o
N gey  Awojooproikys ¢ /N18T0 HSL squowr gz SIeK g'g] IM 0D UR[RWIN
10L Tw/N1 6>) OdL
%80T (%0¥1>) ISL
10°0 “¥E€WV
IopIOSIp sn
asnsiq  -IpIoIAY)
-euued JIuoIYd
d[ozewyow ‘dSld  puedd
pue [o[oudje ‘AaN 01 K1e
/qewnzZnjuwore pour -puoo3s
uonenuUNUOISIP palels 7€ Iy -1joSuy wsIpI
qewunznjwory ‘qewinzifejeu  /Gg 9ouls 01£y) (€20T
W/ LE  /AwojooproIkyf, 68°0-°sed (Tw 0 6-6€°0) HSL 8C-LTIW SINdd -10dAy - reroeng
JuswaSeuRA
Juonezimn Kyunuwx
3nap pasnooe K10)51Y -wrone
heTolielgYerav QwoanQ sSurpuy qe| Jo aurpowL], [BOIPIN Jo odAL, Apnig sSniqg

(ponunuoo) | sjqey

pringer

As



Naunyn-Schmiedeberg's Archives of Pharmacology

009 < (Tw/In ¥€>) VOd.L
$9¢ (/N T 1>)qvdL
¥0°0—¢0°0
Ajrenu Qoue[[loAIns L00¢ (1z0c
-UBIq PANUNUOD /S0P IS| Qouls @O [[ed e 10 qewnz
d/6S /snoduejuodg 88'[-oseg (TW/INNS8T+—LT°0) HSL ~ 1e)je syuow 9 SINdd  -Tu1oqng] auren() -1[_120
§'LET (Tw/106-0) AVOd.L
800
wSIpIoI
-AyodAy
10} 9AT)
-150d 19381
B] BlOq [emeip
UOISJIoI] -
uo WIST  J9)Je WSI
-proxfypy  -proxfy
qewnzieieu  -odAy [eo -1odAy (€10T
Jo syyuowr g1 -urpoqng 9 unuw ‘Te 1
PaNuUNUodSIp JO [emeIpYIIM 1600T -wrojne Bopen
d/ce /snosuejuodg IL°9 :NAI UO TW/INOW 9'S—H€°0) HSL ~ IoJe syiuowr ¢ 90UIs SN JUSISUBLL,  -UQ[dIR)
1'61¢C
0SY—$81 :NAI UO (Tw/IN +-0) QV3L
I'16
1°6S :NAI 1O (Tw/IN6-0) AVOd.L
€00 TW/INPW 9°¢
9sBISIp
pro&y)
10} 9AT)
-1sod
IOUI0lN  [emerp
BJ B1oq “pm
UOIQJIAIU] 10)Je
uo wst wsIpr
-proIAy) 0IAY)
qewnzifeieu  -1odAy [0 -1odAy (€10T
Josmeok g'¢  -IuIPQgns 9 unw Te 1
panunuod JO TemeIpyIIM /800C -wone BOpED
A/ 8T /snoauejuodg 10°0 :NAI 1O —¢'0) HSL Jo)je syjuowr ¢ 0UIS S]N  JUQISUBRI],  -UQ[OIRD
JuowdSeURI
Juonezimn Kyunuwx
3nap pasnooe K10)51Y -wrone
heTolielgYerav QwoanQ sSurpuy qe| Jo aurpowL], [BOIPIN Jo odAL, Apnig sSniqg

(ponunuoo) | sjqey

pringer

AQs



Naunyn-Schmiedeberg's Archives of Pharmacology

understand the mechanisms and potential risk factors for
these complications.

Ocrelizumab

Ocrelizumab, a second-generation humanized antibody that
targets the CD20 antigen expressed by a vast range of B cells
and about 5% of T cells, has been approved for the treatment
of RRMS and primary progressive MS (Duarte et al. 2021;
Liinemann et al. 2020). Main complications of ocrelizumab-
therapy have been infusion-related reactions and infections
(Montalban et al. 2017).

Autoimmune complications

Increased risk of developing psoriasis and inflammatory
bowel disease has been reported by ocrelizumab adminis-
tration (Lamb 2022). Also, glomerulosclerosis and Graves’
disease have been reported in some case reports (Duarte
et al. 2021; Greve et al. 2023). Some hypotheses state there
may be an association with B cell depletion immune system
dysregulation (Lee et al. 2020) (Table 2).

Discussion

This study aims to explore the mechanisms underlying bio-
logical therapy-induced autoimmune endocrine diseases in
MS patients as is summarized in Table 3. By elucidating the
underlying pathophysiology, pictured in Fig. 2 and identify-
ing at-risk patient populations, this research seeks to inform
personalized treatment strategies and enhance the safety and
efficacy of MS management.

To our knowledge, this is the first systematic review of
case reports on secondary autoimmune endocrine disorders
induced by multiple sclerosis immunotherapy monoclonal
antibodies.

We reviewed 20 articles that met the inclusion criteria
(3 America, 16 Europe, and 1 Australia). Seventeen stud-
ies involved Alemtuzumab with a total of 34 patients who
developed autoimmune endocrine complications; two stud-
ies included Natalizumab with 3 patients suffering from its
endocrine adverse effects. One study contributed to Ocreli-
zumab endocrine complications, with one patient experienc-
ing the side effects of this drug. A total of 38 patients had
experienced induced autoimmune endocrine side effects.

A systematic review and meta-analysis highlight the prev-
alence and clinical characteristics of alemtuzumab-induced
thyroid events in MS patients, emphasizing the importance
of vigilant monitoring and early intervention (Scappatic-
cio et al. 2020). This aligns with findings by other stud-
ies, which have consistently demonstrated the necessity
for proactive management of thyroid dysfunction in this

patient population due to the autoimmune risks associated
with immune reconstitution therapies (IRT). Additionally,
it was hypothesized in the same article that there is an anti-
gen preference of TRADb in MS patients treated with alem-
tuzumab, suggesting a specific immunological shift linked
to the therapy.

Interferons, which have been used as a pharmacotherapy
for MS, have long been associated with thyroid complica-
tions and one of the stated theories proposes their indirect
immune-mediated action, pro-inflammatory cytokines
increase, inhibition of regulator T cells and switching to
immunological Thl pattern (Tomer and Menconi 2009).
This mechanistic insight is crucial for understanding the
broader context of immune responses in MS therapies.
Development of immune reconstitution therapies, includ-
ing antibody-based cell depletion therapies, targeting
CD52 + (alemtuzumab) or CD20 + (ocrelizumab) leukocytes
(Kazakou et al. 2023), through short-term intense immuno-
suppression or immune cell depletion, rebuilds an immune
system with freshly built immune tolerance (Liinemann et al.
2020).

The majority of immune reconstitution autoimmune dis-
eases post-alemtuzumab treatment of MS have been theo-
rized to be antibody-dependent; however, type 1 diabetes
is the result of pancreas cell destruction by self-reactive T
cells. Therefore, Malmetrom et al. suggest that post-alemtu-
zumab secondary autoimmune conditions are not confined
to be mediated by autoantibody (Malmestrom et al. 2014).

A study on cardiac transplantation indicated that induction
therapy with alemtuzumab may result in a lower incidence of
new onset diabetes, suggesting a complex relationship between
alemtuzumab and diabetes across different medical contexts.
However, it was suggested that lower need of corticosteroid
post transplantation can be the possible etiology (Jones et al.
2010). This finding contrasts with the higher incidence of auto-
immune conditions in MS patients, highlighting the need for
disease-specific investigations into the drug's effects.

The associated thyroid dysfunction related to IRT has
been characterized as delayed onset with transient dysfunc-
tion and spontaneously resolved. Also, although conven-
tional GD is thought to be induced by humoral immunity, T
cells are at function in this case (Muller et al. 2018). During
immune reconstitution autoimmunity, Th2 profile cytokines
are replenished to greater extent, making Th1 mediated dis-
orders like Hashimoto’s thyroiditis less common (Weetman
2009). Interestingly, MS progression is also derived by Th1
phenotype (Conway 2022).

Although alemtuzumab causes depletion of B and T
lymphocytes (including CDS8 + and CD4 +); recovery of B
cell counts occurs earlier (by 3 to 6 months) while T cell
counts, especially CD4 +, remain low even after 12 months.
Overpopulation of B cells (127% of their base level at 27th
months (Roos et al. 2019)), in the absence of regulatory T
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Table 3 Different proposed mechanisms behind endocrine complications of MS monoclonal antibodies

Agents Disorder

Findings and Proposed Pathogenesis

Alemtuzumab Thyroid disease

Quick/complete recovery of B cell levels(6—12 months), opposed to the slower/partial recovery of T

cell (30-61 months)(14), during reconstitution phase, and thus enhanced production of autoantibod-
ies. (Daraki et al. 2021) No regulation by CD4 + T-cell on naive B cells (Conway 2022). (Shown in

Fig. 2A)

Reconstituted CD8+ T cells may have low threshold to self-antigens, less relying on co-stimulatory
signalling, bottlenecked and oligoclonal (Conway 2022)

Lymphocytes (T cells (Obermann et al. 2016)) escaped from cytolysis undergo homeostatic prolifera-
tion (possibly Interleukin 21 driven (Obermann et al. 2016)), setting up a self-oriented and exagger-
ated response (Daraki et al. 2021) (predominantly by oligoclonal, highly proliferative, and chronically
activated effector memory T cells (Obermann et al. 2016))(Shown in Fig. 2B)

Faster recovery of CD8 + T cells, and a reduced production of memory CD4 +T cells. (Aranha et al.

2013)

Increased T cell apoptosis and cell cycling influenced by interleukin 21 (Aranha et al. 2013)
Genetic predisposition + lymphopenia + higher propensity of T lymphocyte apoptosis (Tsourdi et al.

2015)

Dysbalance of regulatory T cell interrupts their immunomodulatory

properties and ease the pro-inflammatory actions of Th1 and Th2 cells (Th1 suppression and decrease
Th1/Th2 ratio (Aranha et al. 2013)), having a permissive effect on the production of TSHRAb
(Tsourdi et al. 2015)(Shown in Fig. 2C)

High levels of Interleukin-21 in MS patients and said cytokine receptor-positive T-cell, answering to
self-antigens (Tsourdi et al. 2015)

Lymphocyte depletion by neutrophils and NK-cell in the periphery, therefore lowering their number in
thyroid and facilitating local autoimmunity (Tsourdi et al. 2015)(Shown in Fig. 2D)

Type 1 diabetes

Natalizumab ~ Thyroid complications

Islet destruction by autoreactive T cell after immune reconstitution (Malmestrom et al. 2014)

After discontinuation of natalizumab, emergence of immune reconstitution syndrome in predisposed

individuals who have positive family history of thyroid disease or have had interferon-therapy

(Carcelén-Gadea et al. 2013)

Direct toxicity on thyroid tissue or blood supply, as pure destructive thyroiditis or an effect of immune

system (Oddo et al. 2014)
Ocrelizumab ~ GD

Breakdown of immune tolerance and failure to detect anti-TSH-receptor T cell and B cell, self-reactive

T-CD4 +and T-CD8 +, also hyper population of immature and transitional B cell (Duarte et al. 2021)

cells, and overpopulation of naive B cells with prolonged
depletion of memory B cells is the possible cause for the
secondary autoimmunity of B cells that may occur with
alemtuzumab treatment.

This pathophysiology requires the involvement of T cells.
It is therefore less likely to occur until CD4 + T cell numbers
reach a sufficient level, leading to a delay between hyperre-
activity of B-lymphocytes and the development of autoim-
munity. Furthermore, T cell reconstitution is primarily due
to peripheral expansion (rather than thymic reconstitution),
promoting self-reactive immune cell populations (Sellner
and Rommer 2020).

Ocrelizumab, on the other hand, B cell and CD20+T cell
are depleted while CD4 +and CD8 + T cells levels do not
change (Sellner and Rommer 2020). Repopulation of B cells
is preferentially achieved by immature or transitional B cells
and myeloid cells following anti-CD20 + treatment have an
enhanced activation state and proinflammatory differen-
tiation (Hausler et al. 2018). These differences in immune
reconstitution mechanisms between alemtuzumab and ocre-
lizumab highlight the necessity of drug-specific monitoring
protocols to mitigate the risk of secondary autoimmunity.

Secondary autoimmunity following treatment with alemtu-
zumab has been noted in individuals with MS, but it has not
been observed in cancer or rheumatoid arthritis patients. It has
been suggested that cytokine signaling or lymphocyte func-
tion specific to MS patients might enhance the development of
autoimmunity after immune reconstitution. However, no such
enhancing factors have been identified thus far (Conway 2022).
The balance between Th1 and Th2 and the derivation from the
original phenotype in each individual might be the main factor.

It has been suggested in another article (Carcelén-Gadea
et al. 2013) that after discontinuation of natalizumab, a
self-limited autoimmune thyroid disorder may emerge as a
presentation of IRS in predisposed individuals who have a
positive family history of thyroid disease or have had inter-
feron therapy, as use of natalizumab appears to control the
immune response against the thyroid, with implications for
post-therapy monitoring strategies.

Homeostatic proliferation commonly refers to the expan-
sion of peripheral T cells in situations of lymphopenia. In
lymphoreplete settings, low-affinity interactions between
the major histocompatibility (MHC)/peptide complex and
T cell receptor (TCR) in the periphery provide continuous

@ Springer



Naunyn-Schmiedeberg's Archives of Pharmacology

Fig. 2 Different pathophyisiol-

ogy behind developing Graves’ ‘
disease in alemtuzumab-treated
patients
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“survival signals” to naive T cells without triggering pro-
liferation. Conversely, in cases of lymphopenia, these sig-
nals prompt T cell proliferation, to the level of homeostatic
proliferation is directly linked to the extent and duration
of lymphopenia. Consequently, homeostatic proliferation
selectively amplifies T cells with a heightened specificity
and stronger avidity for self-antigens. This process may
contribute to the development of autoimmunity triggered
by lymphopenia, as observed with alemtuzumab and other
depleting agents (Aranha et al. 2013).

Rituximab is an old generation of CD20 + targeting mon-
oclonal antibodies which have been used in treatment of
Graves’ orbitopathy but thyroid function levels have not been
affected when using this drug (Salvi et al. 2015). The remain-
ing non-CD20 + expressing plasma cells releasing autoanti-
bodies can be the explanation (Duarte et al. 2021). Also, this
agent, based on its mechanism of action, has been proposed to
be administered as a protective agent, lowering the population
of naive B cell in reconstitution phase to lower the incidence
of post-alemtuzumab GD autoimmunity (Conway 2022).

Smoking is one of the risk factors for developing thyroid
complications post-alemtuzumab and sex distribution unlike
dominant female prevalence in MS and GD is equal in this
case (Nirmalan et al. 2023). Alemtuzumab dose, frequency,
and interval have not appeared to be a risk factor (Trinh
et al. 2016). In autoimmune thyroid disease, androgen-
mediated reduction in thyroid cells expression of HLA-I
and -II antigens have been suggested as a potential mecha-
nism. Additionally, females are known to have an immune
response with dominance of Th2, leading to enhanced B cell
activation and production of autoantibodies (Tsourdi et al.

@ Springer
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2015). Also it has been suggested that TSHRAb production
by increased counts of memory-like T lymphocytes is more
outstanding and more sustained in alemtuzumab induced
thyroid disease than conventional cases (Tsourdi et al. 2015).

Also findings of Rolla et al. emphasize that alemtuzumab
leads to a long-lasting reduction in CD4 + T cell counts,
with Treg cell playing a crucial role in maintain long-term
immune regulation and potentially mitigating some autoim-
mune responses (Rolla et al. 2022).

Conclusion

Multiple sclerosis (MS) presents significant management
challenges due to its complex nature and the evolving land-
scape of treatment options. To optimize patient care, clini-
cians should consider enhancing clinical education, adopting
a multidisciplinary approach, implementing routine monitor-
ing, and developing personalized care plans.

For future research directions, we suggest conducting lon-
gitudinal studies to explore the long-term impact of novel
MS treatments, risk factors and prognosis, and prioritizing
patient-centered outcomes.
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