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 Abstract

Immune checkpoint inhibitors are widely used in the treatment of cancers. They are known to cause multisystem immune 
related adverse effects, including endocrinopathies. Primary thyroid dysfunction has been documented as an adverse effect 
of immunotherapy. We report a case of primary hypothyroidism detected in a patient after treatment with anti -PD-L1 agent, 
Atezolizumab. The patient presented with altered mental status 6 months after the initiation of immunotherapy. TSH was 
measured as part of the workup for encephalopathy, revealing TSH >20 with undetectable free T3, free T4. Anti TPO antibod-
ies were elevated to >7500 IU/ml with anti thyroglobulin antibodies elevated to about 50U/ml. Thyroid ultrasound showed a 
diffusely heterogeneous gland with no other abnormalities. Patient was detected to have metastatic disease to the brain and 
spinal cord likely causing her change in mental status and was treated with steroids and radiation after which she improved. 
She was started on Levothyroxine 50mcg daily and discharged on the same dose. This case illustrates the need for measure-
ment of TSH in all patients prior to the initiation of immunotherapy given the possibility of development of primary thyroid 
dysfunction mediated by inflammatory thyroiditis in these settings.
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Introduction

Immune checkpoint inhibitors (ICPi) have begun to be widely 
used in the treatment of cancers in the last two decades. They 
have been approved in the treatment of melanoma, renal cell 
carcinomas, lung cancer and other solid tumors [1, 2]. They 
block checkpoint proteins including Cytotoxic T Lymphocyte 
Antigen-4(CTLA-4) and Programmed Death-1 (PD-1) present 
on the surface of immune cells, cells of other organ systems 
as well as cancer cells in addition to their ligands such as the 
PD-Ligand 1. These checkpoints help downregulate immune 
responses and prevent persistent or overactive immune re-
sponses against antigens including auto-antigens. However, 
this also renders cancer cells resistant to immune destruction 
[1, 2]. Inhibition of these immune checkpoints therefore up-
regulates the activation and functioning of different immune 
pathways, increasing tumor susceptibility to immune surveil-
lance and destruction. In doing so, they decrease self toler-
ance and cause multisystem autoimmune manifestations/ 
immune related adverse effects. (irAEs) [1, 2]. Autoimmune 
endocrinopathies are known to occur as an adverse effect 
of ICPi therapy [1, 2]. Furthermore, In comparison to other 
irAEs, endocrinopathies are more likely to be irreversible [2]. 
Primary thyroid dysfunction manifests as clinical and subclini-
cal hypothyroidism and hyperthyroidism, largely caused by 

inflammatory thyroiditis. Hypothyroidism is more common 
than hyperthyroidism which seems more transient and likely 
to evolve into hypothyroidism. [1, 2, 3]. We report a case of 
anti-PD-L1 induced hypothyroidism discovered 6 months after 
the initiation of therapy.

Case Report

79 y old female with past history of B/L breast cancer (s/p 
neoadjuvant chemotherapy, lumpectomy and hormonal ther-
apy), stage IV poorly differentiated small-cell carcinoma of 
left lung (TxN3M1c) with metastases to neck, mediastinum, 
abdomen and spine treated with steroid therapy, palliative 
radiotherapy, combination chemotherapy-immunotherapy 
followed by mono therapy with with Atezolizumab, presented 
with altered mental status and complaints of generalized body 
pain and fatigue. She denied focal neurologic deficits. She de-
nied any preceding trauma. No infectious symptoms were en-
dorsed. She endorsed no symptoms of thyroid dysfunction in 
the period prior to hospitalization. She had no prior history of 
autoimmune disease. Family history was negative for thyroid 
disease or systemic autoimmune disease. Review of systems 
was negative for the involvement of other organ systems. Sys-
temic examination was notable for the presence of confusion 
and lack of orientation to time but with no focal neurological 
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deficits. No thyromegaly was noted

The patient was found to be hyponatremic (Na 127) but with 
no other metabolic abnormalities revealed. TSH was measured 
as part of the work-up for altered mental status. Patient’s TSH 
was found to be elevated at 24.479. Prior TSH levels were 
measured as part of a routine health maintenance visits and 
noted to be 1.2 in November 2019. No measurements of TSH 
were performed after this date, prior to the above hospital-
ization. Thyroid function tests done following discovery of el-
evated TSH further revealed TT4 of 3.3mcg/dl (5-12.2) with 
FT4 of 0.61ng/dl(0.8-1.5), FT3 of 1.64pg/ml(2.5-3.9). Anti TPO 
antibodies were elevated to 7516.5IU/ml (0-5.6) with anti 
thyroglobulin antibodies elevated to 49.7U/ml (0-4.1). Ultra-
sound of the thyroid gland was performed revealing diffusely 
heterogeneous thyroid gland.

Patient underwent CT head, notable for hyperdense foci con-
cerning for metastases in the brain, confirmed with MRI brain 
revealing metastatic disease involving bilateral hemispheres 
of the cerebrum, the cerebellum and the brainstem. The pitu-
itary gland appeared normal on imaging. MRI spine revealed 
metastatic lesions in cervical and thoracic regions of the ver-
tebral bodies and spinal cord. Cerebral metastatic disease was 
deemed the most likely cause of the patient’s encephalopa-
thy. She was started on intravenous Dexamethasone and was 
treated with whole brain and spine radiation. The Endocrinol-
ogy team was consulted for evaluation and management of 
abnormal TFT. Patient’s Myxedema score was calculated and 
found to be 20(10 points for lethargy, 10 for hyponatremia), 
lowering the likelihood of myxedema coma. Patient was de-
termined to have grade 2 thyroiditis mediated hypothyroidism 
and was initiated on Levothyroxine 50mcg daily (1.3mcg/kg) 
while Atezolizumab was continued in keeping with guidelines 
for management of grade 2 adverse effects. It would be neces-
sary to exclude adrenal insufficiency and hypophysitis as other 
closely related endocrine adverse effects of ICPi; however 
the patient had been on oral corticosteroids since Septem-
ber 2020 which precluded measurement of hormone levels 
in the hypothalamic- pituitary- adrenal axis. Repeat TSH about 
10 days following initial measurement of TSH was 11.353 and 
patient was discharged on LT4 50mcg daily. Patient was sched-
uled for outpatient Endocrine follow up in 4-6 weeks.

Discussion

Immunotherapeutic agents block various cascades respon-
sible for suppressing immune responses [1, 2]. One of these 
cascades involves the CTLA-4 protein, ordinarily expressed on 
the surface of the Regulatory T cells (T reg). Its recruitment 
to the surface of other cells, like the CD4+ Helper T cells is 
increased by the activation of the immune system by anti-
gens presented by the antigen presenting cells(APCs). Once 
recruited, it competes with ligands on the APC, inhibiting their 
binding with activatory immune receptors like CD28 or the T 
Cell Receptor on these cells. This, in turn, inhibits downstream 
pro- inflammatory immune responses. It also triggers inhibito-
ry immune pathways and the production of anti-inflammatory 
cytokines [1]. Another cascade involves the PD-1 checkpoint, 

which when bound to by its ligand PD-L1, suppresses intra-
cellular gluconeogenesis thus preventing cell survival, prolif-
eration and the production of pro-inflammatory cytokines [1]. 
Immune checkpoint inhibitors thus mask the immune inhibi-
tory arms in the body and lead to an upregulation of immune 
mediated inflammation, causing immune related adverse ef-
fects, in addition to tumor cell recognition and death.

Thyroid dysfunction in the setting of treatment with im-
mune checkpoint inhibitors could be secondary to immune 
hypophysitis, presenting as central hypothyroidism or pri-
mary hypothyroidism resulting from autoimmune thyroid 
dysfunction [1, 2, 3]. Routine measurement of thyroid func-
tion tests to explore the functioning of the pituitary- thyroid 
axis helps differentiate between the two. Central hypothy-
roidism presents with decreased thyroxine and triiodothyro-
nine levels with low-normal TSH, in comparison to elevated 
TSH levels encountered in primary hypothyroidism [1, 2, 3] 
Primary thyroid dysfunction varies between being the most 
common and the second most common endocrine adverse ef-
fect caused by immune checkpoint inhibitors [1, 2, 3, 4]. In a 
meta- analysis of 38 randomized controlled trials, the overall 
incidence of hypothyroidism with ICPi therapy was estimated 
by a mixed-effects model to be around 6.6% and that of hy-
perthyroidism to be around 2.9%. The highest incidences of 
both types of dysfunction were noted among those treated 
with combination anti CTLA-1 plus anti PD-1 therapy (13.2% 
with ipilimumabnivolumab), followed by monotherapy with 
anti-PD-1 agents (7.0%) [4]. A possible explanation for this 
disparity may be that monotherapy may be associated with 
a milder and more short lived thyrotoxicosis phase, increas-
ing the likelihood that it may be missed in early thyroid func-
tion tests [4]. It is also not clearly known why there are higher 
rates of thyroid dysfunction in patients on anti-PD-1 therapy 
in comparison with other ICPi monotherapy agents. However, 
it is known that normal thyroid tissue expresses both PD-L1 
and PD-L2 molecules [4]. Thus, antiCTLA4 therapy allows im-
mune regulation through the preserved pathway mediated by 
PD and its ligands. In addition, blockage of a single PD ligand 
(PD-L1) allows the remaining PD-L2 ligand to bind with the PD- 
receptor and activate the downstream pathway for immune 
suppression [4] of note, Grave’s disease post ICPi therapy is 
very rare, with less than five known cases documented [1]. 
The most common symptoms of hyperthyroidism were weight 
loss, anorexia and palpitations while those of hypothyroidism 
were weight gain and fatigue. Both thyroid storm and myx-
edema coma are very infrequently reported [1, 2, 5].

Thyroid dysfunction can occur after a single dose of ICPi ther-
apy or as late as many years after therapy although the me-
dian time from initiation of the ICPi to the detection of thyroid 
dysfunction ranged from half a month to 4 months. A study 
by Lee et al [5] noted that the median time to onset of hy-
pothyroidism was longer than that to thyrotoxicosis (63 days 
versus 21 days respectively) indicating that thyrotoxicosis may 
be an initial transient phase in destructive thyroiditis. Around 
80% of patients detected to develop thyrotoxicosis went on to 
develop hypothyroidism during the course of the study [5]. In 



our patient, hypothyroidism was first detected 6 months af-
ter initiation of ICPi and after multiple doses were received, 
although TSH was not measured just prior to the initiation of 
therapy or after the initiation of therapy, prior to this hospi-
talization.

The mechanism of thyroid dysfunction caused by the use of 
immune checkpoint inhibitors includes immune mediated 
inflammation and destruction of the thyroid gland [1, 2, 3]. 
Delivanis et al. [8] performed flow cytometric analysis on the 
serum of patients with Pembrolizumab induced thyroiditis, 
revealing an increased number of circulating CD56+CD16+ 
natural killer cells, CD14+CD16+ monocytes and an elevated 
HLA DR surface expression in the inflammatory intermediates. 
Torimoto et al. [6] performed similar studies using the serum 
of patients treated with PD-1 inhibitor, Nivolumab and found 
an increased percentage of follicular T helper cells, in keep-
ing with the hypothesis that anti-PD-1 treatment leads to the 
inhibition of downstream of immune suppressive pathways in 
these cells, enhancing their proliferation and contributed to 
the development of thyroiditis.

The role of autoantibodies including anti-TPO or anti-TG anti-
bodies in the pathogenesis of thyroid dysfunction is not clearly 
known. Patients with clinical and biochemical evidence of thy-
roid dysfunction may have undetectable antibody levels while 
those with drastically elevated titres of autoantibodies may 
not have any evidence of thyroid dysfunction [1]. It is thus not 
clearly known whether these antibodies do mediate thyroid-
itis or whether the culprit antibodies responsible for the same 
have not been detected and measured as yet [1]. In addition, 
it is also unclear whether those with elevated antibody titers 
at baseline are at an increased risk of developing thyroid en-
docrinopathy post ICPi treatment, with studies revealing data 
for and against this hypothesis [1]. Our patient had drastically 
elevated titres of anti-Thyroid Peroxidase antibodies as well as 
elevated levels of Anti thyroglobulin antibodies, with no prior 
evidence of elevated antibody titers prior to immunothera-
peutic treatment. She was unaware of elevated antibody titers 
in her family members.

Measurement of baseline TSH prior to the initiation of treat-
ment with immune checkpoint inhibitors and before each 
infusion for at least 5 cycles is recommended. However, the 
routine measurement of thyroid autoantibodies or imaging of 
the thyroid gland is not recommended [1]. It is essential to dif-
ferentiate between central and primary hypothyroidism when 
detected as central hypothyroidism may be the first detected 
abnormality in immune hypophysitis, necessitating evaluation 
of coexisting central adrenal insufficiency and hypogonado-
tropic hypogonadism. In cases of concurrent hypoadrenalism 
and central hypothyroidism, patients must be treated with 
steroid replacement prior to thyroid hormone replacement 
to avoid precipitation of an adrenal crisis. Therapy with Levo-
thyroxine may be started at a lower than conventional dose 
of around 0.8mcg/kg in young patients without cardiovascu-
lar disease, and then modified as needed [1]. This is done be-
cause thyroidal illness in this setting is often transient and the 
dose can always be titrated upwards as necessary [1]. A study 
by Roos et al found no significant differences in symptoms or 
quality of life with the above dose versus conventional dose of 
thyroid hormone replacement [9].

In case of thyrotoxicosis, symptomatic treatment is provided 
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using beta blockers,which can be terminated when thyrotoxi-
cosis improves. Anti–thyroid drugs are not used unless Grave’s 
disease is detected since the underlying pathophysiology for 
thyrotoxicosis is leakage of thyroid hormone secondary to in-
flammatory thyroiditis, rather than an autonomous increase 
in hormone production [1]. It is important to carry out serial 
measurement of thyroid function tests every 3-6 weeks to 
monitor for recovery of thyroid function and possible transi-
tion to hypothyroidism [1].

The degree of thyroid dysfunction is classified into 5 grades 
based on the severity of symptoms and their effect on quality 
of life of patients.ICPi therapy should be modified on the basis 
of the grade of thyroid dysfunction with the following broad 
principles for management:

1. grade 1 or 2: ICPi therapy should be continued with close 
follow-up and monitoring of TFT, with symptomatic treatment 
as needed

2. grade 3: ICPi therapy should be interrupted with symptom-
atic treatment as appropriate and treatment re-initiated upon 
resolution of dysfunction

3. grade 4: ICPi should be permanently withheld and treat-
ment of thyroid dysfunction provided

While there is conflicting evidence on whether the occurrence 
of immune endocrinopathies in response to ICPi therapy are 
associated with improved efficacy of immunotherapy in pa-
tients, a meta-analysis of 30 studies showed that the occur-
rence of particularly endocrine and dermatologic irAEs were 
associated with improved efficacy of treatment [7]. The occur-
rence of particularly thyroid dysfunction after immunotherapy 
has been associated with improved OS in patients [10].

Conclusion

A high index of suspicion must be present for the develop-
ment of immune endocrinopathies including thyroid dysfunc-
tion in patients treated with immunotherapy given that they 
may be life threatening if missed. Endocrinologists and oncol-
ogists must work hand in hand for a holistic multi-disciplinary 
management of the patient. Patients and their families should 
be educated regarding the possible occurrence of endocrine 
dysfunction, their prompt recognition and management. No 
studies have been carried out, to our knowledge, to detect 
the presence of genetic polymorphisms in checkpoint proteins 
CTLA4/PD-1/PDL-1 in these patients. This may help predict an 
increased likelihood of developing thyroid dysfunction in these 
patients upon treatment with immunotherapeutic agents. 
There is thus a need for studies to be carried out, especially to 
determine risk factors and predictors, of endocrinopathies so 
that appropriately tailored agents may be selected for cancer 
therapy.
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