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Abstract. Survival of patients with advanced-stage cancers remains poor despite significant successes in targeted
and chemotherapy. Immunotherapy is a systemic method of treatment that has expanded the possibilities of drug therapy
for malignant tumors. Immunotherapy's side effect significantly differs from chemotherapeutic drugs and targeted ther-
apy.

One of the most common side effects is a toxic effect on the endocrine system, particularly the thyroid gland.

Aim of the research. Conduct a systematic analysis of scientific literature on the side effects of immune check-
point inhibitors on the thyroid gland.

Materials and methods. A scientific search was conducted in Pubmed, Scopus, and Web of Science databases.
The following search terms were used: "immune checkpoint inhibitors," "immunotherapy," "thyroid gland," and "side
effects.”

Research results. Both PD-1/PD-L1 inhibitors and CTLA-4 inhibitors can cause thyroid dysfunction (hyper-
thyroidism or hypothyroidism). One of the meta-analyses reported no difference in the incidence of thyrotoxicity between
the two drug groups. However, other meta-analyses have shown that this phenomenon is more common in patients treated
with PD-1/PD-L1 inhibitors than with CTLA-4 inhibitors. In addition, scientists proved that hypothyroidism occurred
statistically more often (3.8% of patients) than hyperthyroidism (1.7%). Hypothyroidism was more common in PD-1
inhibitor users than hyperthyroidism (7.0% vs. 3.2%, respectively). Patients with a history of autoimmune thyroid disease
have a high risk of disease exacerbation after initiating immune checkpoint inhibitor therapy. The side effect of immune
checkpoint inhibitors is developed mainly in women. The first laboratory signs of hypothyroidism are observed after 2-4
courses of immunotherapy. In most cases, the disease is asymptomatic, but in rare cases, it turns into permanent hypo-
thyroidism and even thyroid crisis. The leading causes of destruction of the thyroid gland due to immune checkpoint
inhibitors are damaged by autoantibodies or the production of thyroid-stimulating antibodies.

Levothyroxine is prescribed at 0.8—1.6 pg/kg/day for treating hypothyroidism with clinical symptoms. For el-
derly patients and patients with cardiac pathology, the initial dose of the drug should be no more than 25-50 pg. Treatment
with immune checkpoint inhibitors is usually continued. Treatment of thyrotoxicosis depends on the pathological mech-
anism that caused it. Most often, beta-blockers (atenolol and propranolol) are used to eliminate the symptoms of thyro-
toxicosis. A feature of thyroiditis is its ability to transition into hypothyroidism, which can become permanent.

Conclusions. The development of thyroid dysfunction is the most common consequence of autoimmune dam-
age. PD-1 inhibitors are the most common cause of this condition. Usually, the disorders are asymptomatic and have the
first degree of severity. Timely appointment for hormone replacement therapy allows the effective continuation of im-
munotherapy. However, some conditions may be refractory to such treatment, requiring steroid therapy and discontinua-
tion of immunotherapy.
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Introduction. Survival of patients with ad-
vanced-stage cancers remains poor despite significant suc-
cesses in targeted and chemotherapy. Immunotherapy is a
systemic method of treatment that has expanded the possi-
bilities of drug therapy for malignant tumors [1]. Inhibition
of T cells occurs due to the competition of cytotoxic T-
lymphocyte-associated antigen-4 (CTLA-4) with CD28
for binding to the B7 protein on the antigen-presenting cell
[2]. In addition to CTLA-4, PD-1 (programmed cell death
protein) is expressed in T cells. This protein can also be
detected in macrophages, thymocytes, and mature B cells.
Suppression of T-lymphocyte function occurs due to inter-
action with PD-L1 (ligand of programmed cell death) on
tumor cells. In addition to T-lymphocytes, PD-1 can be de-
tected in the tumor microenvironment. Pathological path-
ways PD-1/PD-L1 and CTLA-4 contribute to the prolifer-
ation and spread of tumor cells. In turn, by blocking sig-
naling pathways, it is possible to achieve an anticancer
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effect. Monoclonal antibodies capable of blocking im-
mune checkpoints and leading to the activation of T cells
are called immune checkpoint inhibitors [3].

The Food and Drug Administration (FDA) has
approved three main groups of drugs for immunotherapy
of malignant neoplasms: PD-1 inhibitors (nivolumab,
pembrolizumab, dasarlimab, cemiplimab), PD-L1 inhibi-
tors (durvalumab, atezolizumab, avelumab), and CTLA-4
inhibitors (ipilimumab). They are widely used to treat non-
small cell and small cell lung cancer, kidney cancer, mel-
anoma, ovarian, bladder, head and neck tumors. The anti-
proliferative effect of immunotherapy occurs at different
levels. CTLA-4 inhibitors increase the proliferation of T
cells in lymph nodes. PD-1/PD-L1 blockers have a more
significant effect on the tumor microenvironment. As a re-
sult, immunotherapy's side effects significantly differ from
chemotherapy drugs and targeted therapy [4].




Research rationale. One of the most common
side effects is a toxic demage to the endocrine system, par-
ticularly the thyroid gland [5]. Combining drugs from dif-
ferent groups significantly increases the risk of developing
immune-related adverse events [6, 7].

Aim of the research. Conduct a systematic anal-
ysis of scientific literature on the side effects of immune
checkpoint inhibitors on the thyroid gland.

Materials and methods. A scientific search was
conducted in Pubmed, Scopus, and Web of Science data-
bases. The following search terms were used: "immune
checkpoint inhibitors," "immunotherapy," "thyroid gland,"
and "side effects."

Research results and discussion. Most doctors
are cautious about prescribing immunotherapy because of
the high risk of developing endocrine toxicity and autoim-
mune reactions. The final pathogenesis of the toxic effect
of immune checkpoint inhibitors has not been established.
Still, several theories can explain this phenomenon—for
example, the appearance of autoantibodies and type II or
IV hypersensitivity reactions [8].

Patients with a history of autoimmune discases
(type I diabetes, thyroiditis, psoriasis, rheumatoid arthritis,
etc.) require special attention. Immune checkpoint inhibi-
tors can cause exacerbation of the disease and deterioration
of the general condition of patients. The primary treatment
method for endocrine toxicity of immunotherapy is the ap-
pointment of hormone replacement therapy [9]. Depend-
ing on the severity of the immune-related toxic phenome-
non, treatment with inhibitors of immune checkpoints is
continued or stopped until the blood hormone levels nor-
malize. Usually, endocrine toxicity of the first or second
degree does not require discontinuation of immunother-
apy. The mechanisms responsible for the development of
endocrine toxicity require in-depth research to establish
the risk of this complication.

Both PD-1/PD-L1 inhibitors and CTLA-4 inhibi-
tors can cause thyroid dysfunction (hyperthyroidism or hy-
pothyroidism). One of the meta-analyses reported no dif-
ference in the incidence of thyrotoxicity between the two
drug groups. However, other meta-analyses have shown
that this phenomenon is more common in patients treated
with PD-1/PD-L1 inhibitors than with CTLA-4 inhibitors.
In addition, scientists proved that hypothyroidism oc-
curred statistically more often (3.8% of patients) than hy-
perthyroidism (1.7%). Hypothyroidism is more common
in patients with PD-1 inhibitors than in hyperthyroidism
(7.0% vs. 3.2%, respectively) [5, 10].

Patients with a history of autoimmune thyroid
disease have a high risk of disease exacerbation after initi-
ating immune checkpoint inhibitor therapy. Abdel-Wahab
et al. [11] investigated the frequency of worsening of au-
toimmune thyroiditis after administration of any dose of
immune checkpoint inhibitors. Scientists have established
that in 17% of patients, hypothyroidism worsened imme-
diately after the start of immunotherapy. The majority of
these patients received pembrolizumab or nivolumab. Im-
mune-mediated adverse events were controlled by adjust-
ing the dose of hormone therapy.

Graves' disease and Hashimoto's autoimmune
thyroiditis can develop due to genetic susceptibility caused
by polymorphisms in CTLA-4/PD-1 genes. It causes
changes in the immune response. However, the mecha-
nisms of thyroid dysfunction are not clearly defined [12].
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The role of autoantibodies is considered not clear.
Antithyroid antibodies are not detected in all patients who
received immune checkpoint inhibitors and had a side ef-
fect of thyroid gland dysfunction. Osorio et al. [13] re-
ported that antithyroid antibodies are present in most pa-
tients. However, de Filette et al. [14] obtained opposite
data and found that most patients with thyroid dysfunction
do not have antibodies to thyroperoxidase. As a result, the
theory of an antibody-independent mechanism of injury
has been put forward. However, all scientists agree with
the statement about developing destructive thyroiditis
caused by cytotoxic T cells. These cells cause and maintain
inflammation in the thyroid gland.

Immune-related damage to the thyroid gland in-
cludes hyperthyroidism, hypothyroidism, or thyroiditis.
The side effect of immune checkpoint inhibitors is ob-
served mainly in women. The first laboratory signs of hy-
pothyroidism are observed after 2—4 courses of immuno-
therapy. In most cases, the condition is asymptomatic, but
in rare cases, it turns into permanent hypothyroidism [15].
Kataoka et al. [16] reported that sporadic patients may de-
velop thyroid storms. Khan et al. [17] described a myxe-
dema crisis due to nivolumab administration. Martens et
al. [18] reported Graves' disease with an elevated level of
antibodies to the thyroid-stimulating hormone (TSH) re-
ceptor but with normal thyroid function.

Elevated levels of TSH and low levels of free thy-
roxine indicate hypothyroidism. In addition to laboratory
signs, clinical symptoms (weakness, bradycardia, consti-
pation, intolerance to cold, and dry skin) is evidence of de-
creased thyroid function [19]. In addition, secondary hy-
pothyroidism can result from hypophysitis and pituitary
insufficiency.

An elevated free thyroxine level and a low TSH
level indicate hyperthyroidism. Clinical signs of increased
thyroid function are anxiety, tremors, tachycardia, intoler-
ance to hot, increased sweating, and frequent defecation
[19]. However, this condition can be the result of advanced
thyroid cancer. Therefore, it is necessary to carry out dif-
ferential diagnosis.

The leading causes of destruction of the thyroid
gland due to the use of immune checkpoint inhibitors are
damaged by autoantibodies (this phenomenon is mainly
temporary) or due to the production of thyroid-stimulating
antibodies. The last option causes Graves' disease and is
permanent. Radio iodine scanning is performed for differ-
ential diagnosis of the specified types of hyperthyroidism.
Autoimmune thyroiditis is indicated by antibodies against
thyroperoxidase and thyroglobulin [20]. Thyroid hormone
levels should be measured before starting treatment with
immune checkpoint inhibitors and then every six weeks
during treatment [21].

Treating thyroid dysfunction is prescribed de-
pending on whether the free thyroxine level is increased or
decreased. With asymptomatic hypothyroidism corre-
sponding to the first degree of severity, drug therapy is
usually not prescribed. Levothyroxine is prescribed at 0.8—
1.6 pg/kg/day for treating hypothyroidism with clinical
symptoms. For elderly patients and patients with cardiac
pathology, the initial dose of the drug should be no more
than 25-50 pg [22, 23]. Treatment with immune check-
point inhibitors is usually continued. Blood tests for thy-
roid hormones should be repeated every 6—8 weeks until
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TSH and free thyroxine levels normalize. After this, labor-
atory testing will be performed every three months.

Treatment of thyrotoxicosis depends on the
pathological mechanism that caused it. Antithyroid drugs
can block the synthesis of thyroxine and ease the course of
Graves' disease. However, they do not work during the
thyrotoxic phase of thyroiditis, when the main factor af-
fecting the blood thyroxine concentration is the destruction
of the thyroid gland's cells. Most often, beta-blockers
(atenolol and propranolol) are used to eliminate the symp-
toms of thyrotoxicosis. A feature of thyroiditis is its ability
to transition into hypothyroidism, which can become per-
manent. Therefore, it is necessary to regularly perform la-
boratory tests to determine the level of TSH and free thy-
roxine hormones. In case of increased TSH, replacement
therapy with levothyroxine is started [22, 23].

Indications for using steroid therapy are Graves'
ophthalmopathy when the withdrawal of immune check-
point inhibitors does not help stop the disease. Glucocorti-
coids are also used in elderly patients with severe thyro-
toxicosis against cardiovascular diseases in the anamnesis
[24]. Al Mushref et al. [25] demonstrated that developing
autoimmune thyroid disorders in patients receiving im-
mune checkpoint inhibitors for treating melanoma did not
affect overall survival.

Conclusions. Immune checkpoint inhibitors
demonstrate their effectiveness in treating malignant neo-
plasms. The development of thyroid dysfunction is the
consequence of autoimmune damage. PD-1 inhibitors are
the most common cause of this condition. Usually, the dis-
orders are asymptomatic and have the first degree of se-
verity. Timely appointment for hormone replacement ther-
apy allows the effective continuation of immunotherapy.
However, some conditions may be refractory to such treat-
ment, requiring steroid therapy and discontinuation of im-
munotherapy. Oncologists and family doctors should be
aware of the side effects of immune checkpoint inhibitors
on the thyroid gland.
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Beryn. CHCTEeMHUM METOJIOM JIKYBaHHS, SIKUit
PO3IIMPHB MOKIMBOCTI MEJMKaMEHTO3HOI Teparmii 31710~
SKICHUX ITyXJIMH € IMyHOTEpaIisl.

OpHuM 13 HalOLIBII YaCTUX MOOIYHUX e]eKTIB
JIAHOI TPYMIH MpENapaTiB € TOKCHYHUI BIUIMB HA IUTO-
MOJTIIOHY 3aJ103Yy.

Mera. [lpoBecTH CHCTEMHHI aHai3 HAYKOBOI
JITepaTypH MO0 MOOIYHOI 1Iil iHT10ITOPIB IMYHHUX KOH-
TPOJIBHUX TOYOK Ha IMUTOMOIIOHY 3aJ103Y.

Martepianu i Mmeroau. HaykoBwuii mouryx mpoBo-
nuBcs B 6a3i nanux Pubmed, Scopus, Web of Science.

PesyabraT. JlucdyHkuito mmrononioHoi 3a-
JO3M MOXYTh BHKIMKatu iHrioitopu PD-1/PD-L1 Ta
CTLA-4. Timotupeo3 3ycTpiyaeTbcsd — dacTilie B
nopiBHsiHHI 3 Tineptupeo3doMm (3,8% mpotn 1,7%).
[ManieHTy 3 ayTOIMYHHUM 3aXBOPIOBAHHSM LI TOIOIIOHOT
3aJ1031 B aHAMHE31 MaIOTh BUCOKHU#T PH3UK 3aTOCTPEHHSI 3a-
XBOPIOBAaHHS IiC/IA MOYATKy Tepamii iHribiTopamu iMyH-
HUX KOHTPOJBbHUX TOYOK. [loOiunmii edekr cro-
CTepiraeThCsi MepeBakHO B kiHOK. [lepmii maGopartopHi
O3HAaKH TIMOTHUPE03y BUHUKAIOTH Micis 2-4 KypciB iIMyHO-
Tepanii. 3a3BMuall 3axXBOpIOBaHHs Iepedirac Oe3cuMIl-
TOMHO, OJIHAK Y PIJIKICHUX BHIAJKaX IEPEeXOaUTh Y
MOCTIMHUH TINOTHPEO3 Ta HaBITh THPEOiaHYy kpu3y. Oc-
HOBHMMH TPUYMHAMHU AECTPYKLIT I TONOI0HOT 3aJ103U €
HOIIKO/PKEHHST ayTOAHTUTITIaAMH.

[Tpu cuMnTOMaTHYHOMY TIIOTHPEO3i MpHU3HAYA-
I0Th JieBOTUpOKcHH y 1031 0,8-1,6 Mkr/kr/nens. Jliky-
BaHHsI 1HT10ITOpaMU IMYHHHX KOHTPOJBHHX TOYOK 3a3BH-
Yail TpOJOBXKYIOTh. HaifuacTiine ajsi yCyHEHHS CHMII-
TOMIB THPEOTOKCHKO3y BHKOPHCTOBYIOTH OeTa-0iioka-
TOPH.

BucnoBku. Po3Butok auchyHKmii mmronosio-
HOT 3aJ103U € HallO1JIbIII MOMIMPEHUM HACIIIKOM ay TOIMYH-
HOTO ypakeHHA. HaifgacTimioro NpHYuHOI0 JaHOTO CTaHy
€ iribitopn PD-1. 3a3Buyaii, po3naan 0€3CHMMITOMHI Ta
MAaIOTh MEPIIUI CTYIIHB TSKKOCTI.

KirouoBi ciioBa: iHTi6iTOpH IMyHHAX KOHTPOJIH-
HUX TOYOK, MOOiYHA i, IMyHOTeparis, mmronoaiOHa 3a-
7103a.
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