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ABSTRACT

Relevance: Immunological control points significantly changed cancer therapy worldwide after registering a new class of inhibitor
drugs. Based on clinical studies, this type of treatment was associated with better survival in sensitive patients than cytostatic therapy.
Checkpoint inhibitors exert their effect by regulating the immune response to malignant cells, blocking the usual inhibitory pathways of
T-cell regulation. The receptors of cytotoxic T-lymphocytic antigen-4 (CTLA-4) and programmed cell death protein (PD-1) or its associated
ligand (PD-L-1) are the target of inhibitors. CTLA-4 acts at an early stage of triggering an antigenic response, and PD-1 and PD-L-1 act
by modulating interaction with peripheral tissue

However, treatment with checkpoint inhibitors (ICT5s) is accompanied by a wide range of immune mediated adverse events associated
with the activation of the immune system. Despite the positive effect on survival, side effects with endocrine effects were noted in about
10% of patients.

The study aimed to assess the incidence of immune mediated adverse events from the thyroid gland in clinical practice in patients with
different localization of malignant tumors in the first and subsequent lines of therapy with checkpoint inhibitors.

Methods: The study utilized anamnestic, laboratory, and instrumental tests. Laboratory analysis included determining the blood levels
of TSH, T3, T4, ACTH, and cortisol. Data analysis was carried out using the Microsoft Excel program.

Results: The frequency of development of immune mediated thyroiditis against the background of therapy with blockers of control points
of the immune pathway in our observation was 29%. The debut of thyroid disorders was diagnosed in the first 12-16 weeks of therapy,
beginning with hyperthyroidism against the background of thyroid destruction, followed by a transition to persistent hypothyroidism after
1-3 months.

Conclusion: When analyzing the safety profile of ICTs in patients in our study, immune mediated adverse reactions did not differ in
frequency and spectrum from world practice. The spec-trum of toxicity did not depend on the localization of the tumor. Early diagnosis
of thyroid lesions necessary for optimal and effective treatment can be carried out using laboratory tests. Knowing the timing of the
development of adverse events during ICT therapy allows timely diagnosing and correcting complications from the thyroid to continue

effective therapy.

Keywords: immune mediated endocrinopathy, immunotherapy, checkpoint inhibitors (ICT5).

Introduction: The emergence of such highly effective
drugs as checkpoint target blockers has increased the dura-
tion of the recurrence-free period but posed new challenges
to oncologists and endocrinologists [1]. The thyroid gland is
most frequently affected by tumor therapy with drugs that
inhibit immune signal transduction checkpoints due to the
peculiarities of the immune status of this organ [1, 2]. It has
been confirmed that normal thyroid tissue expresses PD-L1
and PD-L2 proteins [3]. Immune checkpoint inhibitors (ICT)
can increase the level of pre-existing antibodies [2] and, in
addition, reduce immune tolerance even in normal thyroid
tissue, leading to the development of thyroiditis [3, 4]. Endo-
crine tissue does not regenerate and has a very small volume,
so immune destruction has great consequences for the se-
cretion of major hormones [5]. The development of clinically
significant immune mediated adverse reactions may require
discontinuing antitumor therapy and prescription of immu-
nosuppressants, so early diagnosis and timely therapy of
complications serve as important criteria for successful anti-
tumor therapy [6].

Registration of a new class of ICT inhibitor drugs has
significantly changed the approach to cancer therapy
worldwide. In clinical trials, the survival rate of patients
susceptible to this type of treatment increased compared
to cytostatic therapy.

ICTs regulate the immune response to malignant cells by
blocking regular inhibitory pathways of T-cell regulation [7].

The PD-1 glycoprotein was first identified in 1992 by a
group of Japanese researchers who subsequently recog-
nized its key role in T-cell activity regulation.

PD-L1 (B7-H1) was identified in 2000 by two indepen-
dent groups in lymphoid tissue, including T-cells, APCs,
dendritic cells, macrophages/monocytes, and B cells. PD-
L1 is also found in non-lymphoid cells such as vascular
endothelial cells, thyroid cells, muscle cells, hepatocytes,
placental cells, mesenchymal stem cells, and pancreatic
islet cells [8]. The following year PD-L2 was identified [9].

However, ICT treatment is accompanied by a wide
range of immune-mediated adverse events (imAE) associ-
ated with the activation of the immune system.
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Endocrine-mediated side effects occur in approximately
10% of patients [5]. These include hypophysitis, thyroid dys-
function, insulin deficiency, diabetes mellitus, and primary
adrenal insufficiency. Diabetes mellitus and primary adrenal
insufficiency are rare endocrine pathologies associated with
therapy with control point target blockers but can be fatal if
not detected and treated in time [10]. Hypophysitis leading
to central adrenal insufficiency is particularly associated with
anti-CTLA-4 therapy, whereas thyroid dysfunction is often as-
sociated with anti-PD-1 therapy [11].

Yamauchi et al. study [2] analyzed five consecutive cases
of thyroid dysfunction associated with Nivolumab therapy.
All patients developed thyrotoxicosis within four weeks of the
first Nivolumab administration and normalized within four
weeks of initiation in three of five patients. Two patients dis-
continued therapy with Nivolumab because of concomitant
adverse events.

Most endocrinopathies exhibit nonspecific symptoms,
which creates a diagnostic challenge. The most common
side effect of ICT is fatigue. Because of this, symptoms may
be overlooked or attributed to other causes. Diagnosis is
also complicated by the extensive use of corticosteroids,
antiemetics (together with ICT), and episodes of severe dis-
ease secondary to immunosuppression, which complicates
diagnostic testing [5].

Our study investigated the frequency of endocrinopa-
thies when using ICT in patients with different localization of
the malignant tumor and compared the incidence of thyroid
imAE in real clinical practice with research data and medical
statistics.

All data was obtained from the medical records of patients
who received Pembrolizumab and Nivolumab at the Republi-
can Clinical Oncology Dispensary named after Prof. M.Z. Sigal
of the Ministry of Health of Tajikistan from May 2019 to May
2021. Data are current as of March 1, 2022.

The study aimed to assess the incidence of immune-me-
diated adverse events from the thyroid gland in clinical prac-
tice in patients with different localization of malignant tumors
in the first and subsequent lines of therapy with checkpoint
inhibitors.

Materials and Methods: The study utilized anamnestic,
laboratory, and instrumental tests. Laboratory analysis includ-
ed determining the blood levels of TSH, T3, T4, ACTH, and cor-
tisol. Data analysis was carried out using the Microsoft Excel
program.

Before treatment, all patients underwent a comprehensive
examination, including collecting their complaints and anam-
nesis, objective examination, CT/MRI of the thorax and abdo-
men or whole-body PET-CT, ultrasound of the neck organs,
and endocrine system functionality assessment by blood se-
rum hormone indices. Other methods (ultrasound, scintig-
raphy, consultation with an Endocrinologist, etc.) were used
when examining patients with thyroid dysfunction.

The therapy efficacy was evaluated every six courses of
treatment or when clinical signs of progression appeared. The
maximum number of immunotherapy courses was 35 injec-
tions. Response to treatment was assessed using iRECIST 1.1
criteria.

Atotal of 55 patients aged 24 to 79 were enrolled (the mean
age was 55.9%); 13 (23.6%) were above 65. The men-women
ratio was close to one — 25 and 30 (45.4% and 54.6%, respec-
tively).

Distribution of patients by diagnosis was as follows: head
and neck squamous cell cancer - 11, urothelial cancer - 7,
clear cell renal adenocarcinoma - 2, squamous cell cervical
cancer - 4, melanoma - 14, small cell lung cancer - 1, ovarian
cancer (in the framework of the RCT) — 7, lung squamous cell
cancer (in the framework of the RCT) - 9.

ICT therapy was administered in a mono regimen to 36
patients; the other 19 received ICT with chemotherapy (ChT)
in the Etoposide + Cisplatin or Paclitaxel + Carboplatin regi-
mens. ChT was administered in cycles, 4 to 6 courses, as per
the clinical guidelines.

The median hospital stay was one day. The median fol-
low-up of patients was 13.5 months (1 to 27 months of fol-
low-up). The median follow-up period after imAE develop-
ment was 90 days.

Results: Sixteen (29%) patients in the study developed im-
mune-mediated endocrinopathies. Patients in the ICT + ChT
group had thyroid disorders, and one developed immune-me-
diated hypophysitis. The results are reflected in Table 1.

Table 1 - Development of endocrinopathies against the background of systemic antitumor therapy in the study

; ] ; Endocrine disorders | Endocrine disordersin | Endocrine dis-orders
imAE Eﬂgﬁé?g?g&?{gﬁra;’ in the ICT+ ChT group | the ICT group (3rd-4th | inthe ICT+ ChT group | Total
(all) (n) de-gree) (n) (3-4 de-grees) (n)
Hypothyroidism 7 6 0 0 13
Hyperthyroidism 2 0 0 0 2
Hypophysitis 0 1 0 1 1
Total 9 7 0 1 16

In two patients, a moderate degree of hyperthyroid-
ism developed at 12 weeks of ICT therapy, which required
medication correction. The clinical picture manifested as
tachycardia, unstable hemodynamics, and required thera-
py with B-blockers.

Secondary adrenal insufficiency in one case was
due to 3"-degree hypophysitis with a pronounced

clinical picture (hypotension, unstable hemody-
namics, electrolyte disturbances) combined with
2"-degree hypothyroidism. The patient required hos-
pitalization.
Hypothyroidism was noted in most cases (81.2%).
Patients mainly complained of weakness and fatigue in
the study (Table 2).
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Table 2 - Complaints against the background of ICT therapy in the study

Symptoms and Signs

Men

Headache

Fatigue or weakness

Vision impairment

Tachycardia

Total

In most patients, hypothyroidism was asymptomatic or
had manifestations of a mild degree and did not require
medical correction. A moderate degree of hypothyroidism
developed in 2 patients with a clinical picture in the form
of weakness and fatigue, and after consultation with an
Endocrinologist, the patients were prescribed L-thyroxine
replacement therapy.

When analyzing complications in patients treated
at the Republican Clinical Oncology Dispensary named
after Prof. M.Z. Sigal of the Ministry of Health of Tajiki-
stan, the median time to development of imAE was ap-
proximately the same - 12 weeks (Cl 95% 1-5), which
corresponds to the literature data [4]. The results are
reflected in Table 3.

Table 3 - Duration of immune-mediated endocrinopathies against the background of ICT therapy in comparison with

literature data [4]

The drug Number(%f) FEENE e i s b?V%LneTSg s s Time until the end of the imAE (weeks)
literature data own data literature data own data
Pembrolizumab 10 12-16 17 48 59
Nivolumab 6 12-16 12 38 28

The main difference was the time to resolve the
phenomenon: a short and rapid course was noted with
Nivolumab (average time — 38 vs. 48 weeks).

The average percentage of thyroid function abnor-
malities against anti-PD-1 monotherapy amounts to
10% [7] and does not affect the subsequent immuno-
therapy. No imAE registered in our patients required
cancellation of anti-PD-1 therapy.

Takeaways:

1. The frequency of immune-mediated thyroid-
itis against the background of therapy with immune
checkpoint blockers in our study was 29%.

2. The debut of thyroid disorders was diagnosed in
the first 12-16 weeks of therapy, beginning with hyper-
thyroidism against the background of thyroid destruc-
tion, followed by a transition to persistent hypothy-
roidism in 1-3 months.

3. Analysis of the ICT safety profile demonstrated
the expected spectrum of adverse reactions.

Discussion: Typically, hypothyroidism begins with a
transient phase, which may be asymptomatic or mani-
fested by nonspecific symptoms similar to those of the
underlying disease — weakness, weight loss, tachycardia,
changes in hair and nails [1, 12], followed by persistent
subclinical or overt hypothyroidism. On this basis, a spec-
trum of complaints was defined for subsequent analysis.

When interpreting the laboratory results, one
should consider the possibility of secondary thyroid
lesions due to hypophysitis [1, 4, 51.

Hypophysitis occurred infrequently in the study -
in 1.8% of cases, which correlates with the data of oth-

er authors: max frequency is from 1.2% to 0.9% [12].
A sensitive and specific indicator of hypophysitis is an
enlargement of the pituitary gland on radiographs,
which can precede the clinical diagnosis of hypophysi-
tis by several weeks.

A multidisciplinary team of physicians is recom-
mended to provide optimal treatment and maintain
quality of life. An endocrinologist will be of value to
this team.

Thyroid function should be monitored before and
during systemic antitumor therapy.

Regular laboratory screening of thyroid function
with tests is recommended at baseline, before each
dose of immunotherapy, every 6-12 weeks for the first
six months after completion of treatment. Expansion
of the examination scope is required if abnormalities
or an increase in symptoms are detected.

Treatment of endocrine disorders is independent of
the immune inhibitor that causes these events.

Conclusion: When analyzing the safety profile of
ICT in patients in our study, immune-mediated ad-
verse reactions did not differ in frequency and spec-
trum from world practice. The spectrum of toxicity
did not depend on the localization of the tumor. Early
diagnosis of thyroid lesions necessary for optimal and
effective treatment can be carried out using laborato-
ry tests.

Knowing the timing of the development of adverse
events during ICT therapy allows timely diagnosing
and correcting complications from the thyroid to con-
tinue effective therapy.
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AHJIATIIA

KIIMHUKAJIBIK TOKIPUBEJAE UMMYH/IbIK BAKBIJIAY HYKTECI UHI'MBUTOPJIAPBIHBIH
SHAOKPUHIIK YBITTBIJIBIFbI

C.3. Cagpuna', I.K. Myxameovsapos', B.B. lumumpuesa'
«Mpocheccop M.3. Curan atbiHaarsl PKOL» [ICM PT, Kasa, Peceit ®enepauusicsl

O3exkminizi: uHeUOUMOPILIK NPenapammapOobly JCAya KIACbIH mipKeyee OaIaHblCbl UMMYHOIOSUAILIK 6aKbliay HyKmenepi OyKil oiemoe
Kamepai icik mepanusacel aumapavikmat e3eepoi. Knunukanvix sepmmeyiepze cylieHe omuipuin, emoeyoiy ocbl mypine ce3imMman HayKacmapod yu-
MOCMAMUKANbIK, MEPANUAMEH CALbICIbIP2AHOA OMID CYPYOIH JCo2apbliaybl 0diel0eHOi. bakpiiay Hykmeciniy uHeubumopnapsl 630epiHiy ocepit
Kamepiii slcacyuanapaa uMMyHObIK peakyusnol pemmey, T-drcacywanapoin pemmeyoiy 90emmezi meaicey Jcondapoii OI0KMAy apKwlivl KOpcene-
0i. Llumomoxcukanvix, m-numepoyumapnoix anmueen-4 (CTLA-4) sicone 6az0apramananzan scacyua enimi akywizvinviy (PD-1) Hemece oHbimer
oaiinanvicmol aueanomoty, (PD-L-1) peyenmopaaper uneubumopnapowiy wvicamvt o6onvin mabwiiadvl. CTLA-4 anmueendik peakyusnel 6acmayobly
epme camvicbinoa opexem emeoi, an PD-1 owcone PD-L-1 nepughepusinvix minmen o3apa opexemmecyoi MOOYIAYUANAY APKbLIbL OpeKem emeoi.

Anaiioa, 6akpinay HyKmeciniy uHeuOUMopRapblmMen (akm) emoey UMMYHObIK JHCytenil 6enceHOIpinyine OAuIanbLCmbl UMMYHOBIEK JHCAHAMA JCa-
2bIMCbL3 KYObliblcmapobly (UOH) KeH cnekmpimer bipee acypedi. Omip cypyee oy ocep emKeHiHe Kapamacmat, nayuenmmepoiy wamvamer 10% -.
IHOOKPUHOIK dcepliepl bap dcanama ocepiep OaKaiobl.

3epmmeyoin maxcamol — baxvliay HyKmeciHiy uHeuOUmMopaapvimer emoeyoin OIpiHWi JHcoHe Kellinel Jceniepinoe Kamepii icikmepoiy spmyp-
2 IoKanuzayusicul oap emoenywiiepoe KIuHUKAaIslK modicipube scaz0aivinoa Karkanua 0e3iniy uMMyHObIK-0e10a10blK JHCA2bIMCbL3 KYObLIbICHd-
PbIHbIY 0aMy dcuiniein bazsanay.

oicmep: JKymvic anamne30ix, 3epmxanablk JHcoHe ACnanmolk 3epmmey d0icmepin Konoamy apkblibl OPbIHOANObL. 3ePMXAHANbIK, MAN0Ay KaH-
Oaevt TSH, T3, T4, ACTH, kopmu3zon deneeilin anvikmayost Kawmuowl. Manrimemmepoi manoay Microsoft Excel 6az0apramacet apkpiibl dcypeizinoi.

Homuoicenep: ummyHObIK JicON0bIY OAKbLIAY HYKMeNepin O10KAmopiapmen emoey ascblHoa UMMYHObIK Mupeouoummiy oamy dtcuinici 0iz0iy
bakpiaysimsizoa 29% kypaowl. Kankanwa be3iniy Oy3uLiybiHbly 0ebromi mepanusiHuly anzawiksl 12-16 anmaceinoa ouazno3 Koubliobl, KAIKaAHUA
6e3iniy OY36Laybl AACLIHOA CUNEPMUPEO30an OACMAnobl, cO0an Keiin 1-3 atidan Keilin mypakmol cunomupeo32a Koumi.

Kopvimuinowi: bizoiy 3epmmeyimizoe nayuenmmepoezi AKT kayincizoik npoguiin manday KeziHoe UMMYHObIK 9cep ememiH JHCazbLMCbl3 PedaK-
yusnap sHcuiniei men cnekmpi OotiviHua oneMoiK modcipubeden epexutenenbeol. Yolmmulnvlk Cnekmpi icikmiry T0Kanu3ayusACyIHd OaiIaHbICIbL eMec.
Oymaiinbl dcone Muimoi emoey Ywin Kankanuia 0e3iniy 3aKbiMOaHybii epme OUdSHOCIMUKANAY Kadicem, OHbl 3ePMXAHANbIK 3epmmeyiep apKblibl
arcyseee acvipyea 6onaovl. AKT mepanusicol ke3inoe KoIaucwl3 KyObLiblcmapoblly 0amy YaKslmuli 0Ly KaIKanua 0e3iniy mepanuscolHan 601amuli
ACKBIHYIApObL YAKMbLIbL OUASHOCIUKATIAY2A JHCOHE My3emyee MyMKIHOIK bepedi JcoHe muimoi mepanusiHbl JHcar2acmulpy2a MyMKIiHOIK Oepeol.

Tyitin co30ep: uMMyHObIK, SHOOKPUHONAMUS, UMMYHOMEPANnUs, 6aKbliay HyKmeciniy uHzubumopaapbsl (akm).

AHHOTANMUA

OHJOKPUHHASA TOKCUYHOCTDH HHI'MBUTOPOB UMMYHHbBIX KOHTPOJIBHBIX TOYEK
B KIMHUYECKOM MIPAKTUKE

C.3. Cagpuna', I.K. Myxameovaposa', B.B. Jumumpuesa’
'TAY3 «PKO[ nmenn npocpeccopa M.3. Curana» M3 PT, KasaHb, Poccuiickas Geaepauns

AKkmyansnocms: B ces3u ¢ pecucmpayueii H08020 Kiacca npenapamos-uneuoumopos UMmyHnuix konmponvnlx movex (MKT) cywecmeenno
U3MeHUIach mepanus paxka 6o ecem mupe. Ha ocnoee xnunuueckux ucciedoganuti 6uiio 0OKA3AHO YEeaudeHue SblHCUBAEMOCU NO CPAGHEHUIO
¢ yumocmamu4eckoll mepanuei y NayueHmos, 4yeCmeumenbHulxX K dmomy euoy jevenus. Mnaubumopsl KoHmponbHelX mouex nposeisaiom ceol
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aphexm, pecynupysi UMMYHHbITL OMBEM HA 3N0KAYECMBEHHbLE KIeMKU, OIOKUPYa 00bluHble mopMo3Hble nymu peeyiayuu T-kemok. Peyenmopul
yumomoxkcuyeckozo T-mumepoyumapnozo anmueena-4 (CTLA-4) u benxa 3anpoepammuposannoi eubenu kiemok (PD-1) unu cészannozo ¢ num
nueanoa (PD-L-1) siensiromes: muwenvio uneuoumopos. CTLA-4 delicmeyem Ha panHeil cmaduu 3anycka anmueeHnoz2o omeema, a PD-1 u PD-L-1
oeicmayiom, MOOYIUPYs 83auMOo0elicmaue ¢ nepugeputecKkoli mKaHsio

Oonako npumenenue UKT conposodicoaemes mupokum cnekmpom UMMYHO-ONOCPEOOBAHHBIX HEXCENAMENbHbIX AGTCHUIL, CEAZAHHBIX C AKMUBA-
yueil uMMyHHou cucmemvl. Hecmomps na nonoscumensroe 61usHue Ha 8bliCUBAEMOCHIb, ObLIU OMMeUeHbl NOOOUHbLE Ihpernbl ¢ IHOOKPUHHBIMU
agppexmamu npumepro y 10% nayuenmos.

Lens uccredosanus — oyeHums 4acmonty pazeumMus UMMYHHOONOCPEOOBAHHBIX HEICEIAMENbHBIX AGICHUL CO CIOPOHbL UWUMOBUOHOU JiCeie3bl
6 YCI0BUAX KIUHUYECKOU NPAKMUKU Y NAYUEHINOB C CO 3N0KAYECMBEHHLIMU ONYXOIAMY PA3IUYHOU TIOKAIUZAYUU 8 NEPEOU U NOCICOVIOUWUX TUHUAX
mepanuu UKT.

Memoowi: Paboma evinonnena ¢ ucnonb308anuem aHamMHeCmMu4ecKux, 1a00pamopHulx U UHCIMPYMEHMATbHIX MEemo008 uccie008anus. Jlabo-
pamopnblil ananus exniouan onpeoenenue yposnei TTI, T3,T4, AKTI u kopmuzona é kposu. Ananusz OaHHbIX BPOBOOULCS C NOMOWBIO NPOSPAMMDbL
Microsoft Excel.

Pesynvmamut: Yacmoma passumusi umMMyHOOnocpedosanio2o mupeouduma ua gpone mepanuu UKT 6 nawem nabniooenuu cocmasuna 29%.
Jlebrom Hapyuwienuil wumosuoHou JHeee3vl OUACHOCMUPOBALCs 8 nepsbie 12-16 nedenb mepanuil, HAUUHALCA C 2UNEPMUPEO3d HA (POHe OeCmpPyKYuUU
WUMOBUOHOUL Jiceie3bl € NOCCOVIOWUM NEePexo0oM 6 CIOUKULL sunomupeos uepes 1-3 mec.

3axnrouenue: Ilpu ananuze npopunsa 6ezonacnocmu UKT y nayuenmos 8 nawem uccie008anuy UMMyHOONOCPeOOBAHHbIE HedCeNamebHble
peaxyuu He OMAULATUCH NO YACMOME U CNeKmpy om Mupoeou npakmuxu. CRexmp moxkCuuHOCMuU He 3a8Uceil Om JOKAIU3AYUY ONYXOJIU.

s onmumansno2o u dghhexmusno2o nevenus Heoobxoouma panHais OUASHOCIMUKA NOPAdICEHUL WUMOBUOHOU JiCele3bl, KOMOPYIO B03MOICHO
npo8oOOUMb MEMOOM 1ADOPAMOPHOLO AHAU3A.

3uanue cpokos pazeumus nevceramenvubix asienuti 6o epems mepanuu UKT nossonsem ceoespemento ouazHocmuposams u KOppeKmuposams
OCTOJCHEHUSL CO CMOPOHBL WUTNOBUOHOUL Jicenie3bl U NPOOOIACAMb IPDEKMUGHYIO mepanuio.

Knrouesvle cnosa: ummynoonocpeoosantas 3H00KPUHORAMUS, UMMYHOMEPAns, UHeUOUMopbl KOHmMpoabHoix mouek (UKT).
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