
Thyroid dysfunctions secondary to cancer immunotherapy

P. Chalan1, G. Di Dalmazi1,2, F. Pani1,3, A. De Remigis1,4, A. Corsello1,5, and P. Caturegli1

1Division of Immunology, Department of Pathology, The Johns Hopkins School of Medicine, Ross 
Building-Room 656, 720 Rutland Avenue, Baltimore, MD 21205, USA

2Division of Endocrinology, Department of Medicine and Aging Sciences, “G. D’Annunzio” 
University of Chieti-Pescara, Chieti, Italy

3Endocrinology Unit, Department of Medical Sciences and Public Health Endocrinology, 
University of Cagliari, Cagliari, Italy

4Department of Medicine, Arco Hospital, Trento, Italy

5Endocrine Tumor Unit, Department of General Medicine, San Raffaele Scientific Institute, Milan, 
Italy

Abstract

Background—Immunotherapy is a firmly established pillar in the treatment of cancer, alongside 

the traditional approaches of surgery, radiotherapy, and chemotherapy. Like every treatment, also 

cancer immunotherapy causes a diverse spectrum of side effects, collectively referred to as 

immune-related adverse events.

Objective—This review will examine the main forms of immunotherapy, the proposed 

mechanism(s) of action, and the incidence of thyroid dysfunctions.

Methods—A comprehensive MEDLINE search was performed for articles published up to 

March 30, 2017.

Results—Following the pioneering efforts with administration of cytokines such as IL-2 and 

IFN-g, which caused a broad spectrum of thyroid dysfunctions (ranging in incidence from 1 to 

50%), current cancer immunotherapy strategies comprise immune checkpoint inhibitors, oncolytic 

viruses, adoptive T-cell transfer, and cancer vaccines. Oncolytic viruses, adoptive T-cell transfer, 

and cancer vaccines cause thyroid dysfunctions only rarely. In contrast, immune checkpoint 

blockers (such as anti-CTLA-4, anti-PD-1, anti-PD-L1) are associated with a high risk of thyroid 

autoimmunity. This risk is highest for anti-PD-1 and increases further when a combination of 

checkpoint inhibitors is used.
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Conclusions—Cancer patients treated with monoclonal antibodies that block immune 

checkpoint inhibitors are at risk of developing thyroid dysfunctions. Their thyroid status should be 

assessed at baseline and periodically after initiation of the immunotherapy.
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Definition and brief history of cancer immunotherapy

Cancer immunotherapy can be defined as the administration of humoral and/or cell-based 

agents that exploit the immune system of the patient to fight his/her own cancer. The idea of 

using the immune system to treat tumors is not novel. It can be traced back to 1893 when 

William Bradley Coley (1862–1936), a bone surgeon at the New York Cancer Hospital, 

published a paper entitled “The treatment of malignant tumors by repeated inoculation of 

erysipelas: with a report of 10 original cases” [1]. Having been stunned by the death of one 

of his patients affected by sarcoma, he searched the literature for treatments he could have 

used to save the patient. He found some case reports describing amelioration of sarcoma 

after Streptococcus pyogenes infection. Thus, he injected a series of sarcoma patients with 

S. pyogenes and noted a reduction in tumor burden in some of them. He continued his 

studies releasing several versions of a bacterial cocktail, that became known as the “Coley’s 

toxin” [2], featuring additional strains of bacteria and chemical modifications, such as heat 

inactivation to make the extract safer. His findings, however, could not be replicated by 

others and therefore were met with skepticism and quickly abandoned. More than 3 decades 

passed until Raymond Pearl (1879–1940), a professor of Biology and Biostatistics at the 

Johns Hopkins Schools of Medicine and Public Health, revisited the association between 

infections and cancer. In 1929 he reviewed the first 7500 autopsies of the Johns Hopkins 

Hospital, performed between May 1889 and May 1923, and identified 816 cases affected by 

some form of malignant neoplasm (carcinomatous or sarcomatous). He then randomly 

selected 816 controls matched for age, sex, and race among the remaining 6684 autopsies 

where no neoplasia was noted, and compared the prevalence of tuberculosis in the two 

groups. Tuberculosis was significantly less prevalent in cases (54 of 816, 7%) than in 

controls (133 of 816, 16%), leading him to hypothesize that having tuberculosis protected 

against the development of neoplasia and to suggest that tuberculin therapy could be used to 

treat recurrent cancer [3]. Pearl’s hypothesis was experimentally tested at the Memorial 

Sloan-Kettering hospital by Old, Clarke, and Benacerraf in 1959. The authors used a model 

where cancer is induced by implanting S-180 sarcoma cells, a line derived from Swiss 

Webster mice, under the skin of mice of the same MHC haplotype. In this model, about 90% 

of the mice die of aggressive tumor within 2–5 weeks after the injection. The authors pre-

treated mice with intravenous injections of either Bacillus Calmette-Guérin (BCG) or 

control medium, and then implanted them with the S-180 cells. There was no difference in 

tumor development between BCG and medium when the S-180 cells were implanted just 1 

day after the intravenous injection. However, if the implantation was done 7 or more days 

after the injection, BCG pre-treated mice had a much smaller incidence of tumors than 

control mice [4]. This study laid the foundation for human studies, the first of which was 
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published by Morales, Eidinger, and Bruce [5]. The authors injected BCG (120 mg weekly 

for 6 weeks) directly into the bladder of 9 patients with superficial bladder cancer, five 

treated for prevention of recurrence and four for residual tumor. They noted that the injection 

induced a classic granulomatous reaction and significantly reduced the number of 

recurrences. Nowadays, BCG injection remains the standard of care for treating low grade 

(non muscle invasive) urothelial carcinoma, where it reduces the odds of recurrence by 70%, 

through a mechanism that remains to be fully elucidated [6].

Despite being used in the clinics since 1976, cancer immunotherapy has captivated the 

medical community and general public only in the last few years, following the introduction 

of immune checkpoint inhibitors. These drugs showed for the first time that the survival 

curve of cancer patients could be altered not only by a significant, albeit modest, shift to the 

right, but also by the appearance of a right tail, that is by the fact that a small subset of 

patients was actually cured [7]. Curing cancer requires that all malignant cells are killed 

without harming the patient: harnessing the immune system is theoretically a more effective 

way to achieve this goal than the traditional types of treatment (surgery, radiation, and 

chemotherapy). Like every intervention, however, cancer immunotherapy is associated with 

a broad spectrum of side effects, collectively referred to as immune-related adverse events. 

This review will focus on the thyroid dysfunctions that develop after use of cancer 

immunotherapy.

Mechanisms of action and classification of cancer immunotherapy

There are several forms of cancer immunotherapy that have different mechanisms of action 

but, in the end, use a final common pathway: the recognition of unique tumor antigens by 

the patient’s own lymphoid cells. These unique tumor antigens arise randomly from the 

many somatic mutations that are found in cancer cells [8]. The majority of cancer mutations 

are single base substitutions, most often missense mutations that change the amino acid 

sequence of the encoded protein. Mutations have therefore the potential to create novel 

antigens or epitopes, that are seen as foreign rather than self by the patient’s lymphocytes. 

There is a large variation in the load of somatic mutations found in different cancers. Some 

cancers, like the ones whose pathogenesis is influenced by the environment (UV radiation 

for melanoma and smoking for lung cancer) or by genetic defects in the DNA repair genes, 

have more than 100 non-synonymous mutations per tumor; whereas other cancers, such as 

pediatric medulloblastomas, have the fewest [8]. It is predicted that the greater the mutation 

load, and thus the random formation of novel tumor antigens, the greater the response to 

cancer immunotherapy will be.

Cancer immunotherapy has been classified according to several criteria [9]. A useful scheme 

is based on the type of immune response: humoral versus cell-based, that primarily mediates 

the anti-tumor effect. Humoral forms of cancer immunotherapy include the administration of 

recombinant cytokines or recombinant monoclonal antibodies directed against molecules 

involved in immune regulation, the so-called immune checkpoints. Cell-based 

immunotherapies comprise the administration of oncolytic viruses, engineered T cells, or 

cancer vaccines. We will review the thyroid dysfunctions that have been reported following 

administration of each of these five forms of cancer immunotherapy, giving particular 

Chalan et al. Page 3

J Endocrinol Invest. Author manuscript; available in PMC 2018 June 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



emphasis on checkpoint inhibitors, as nowadays they are the ones most commonly used 

(Table 1).

Materials and methods

We searched the Medline database for English articles published up to March 30, 2017 using 

the following search terms: “thyroid dysfunction”, “hypothyroidism”, “hyperthyroidism”, 

“thyroiditis” and “endocrine Immune-related adverse events” in association with “cancer 

immunotherapy”, “interleukin”, “interferon”, “immune checkpoint inhibitors”, “oncolytic 

virus”, “adoptive T-cell transfer”, “cancer vaccine”, and “combination immunotherapy”. 

References from the selected articles were also reviewed. Figures were created with 

Microsoft PowerPoint.

Thyroid dysfunctions following cytokine administration

Interleukin-2 (IL-2) is produced by T lymphocytes and acts upon T lymphocytes themselves 

to promote their differentiation and proliferation, being in fact originally known as T-cell 

growth factor [10]. IL-2 also acts on natural killer cells to boost their effector functions, such 

as targeting and destruction of cancer cells [11]. Based on these properties, IL-2 has been 

used for the treatment of metastatic melanoma and renal cell carcinoma [12]. This type of 

treatment, however, is associated with a significant load of adverse events. Among them, 

thyroid dysfunction, mainly hypothyroidism, is common, as was initially reported by Atkins 

[13] and later confirmed by several authors [14-16]. Hypothyroidism occurs at an incidence 

of 15–40% [13, 17, 18] and, in a minority of cases, can be preceded by a transient period of 

hyperthyroidism [19-21]. Its pathogenesis, likely multi-factorial, includes autoimmune 

mechanisms, given that the functional alterations are associated with the appearance of 

thyroid antibodies [22]. In a cohort of 34 melanoma patients, 7 (21%) developed 

hypothyroidism, and in 5 of those it was associated with newly found microsomal and 

thyroglobulin antibodies.

Interferons (IFNs) are a family of small molecules initially reported in the late 1950s for 

their ability to “interfere” with viral replication [23], but later found endowed with numerous 

additional functions [24], such as immune modulation and anti-cancer properties [25]. IFNs 

have been used with good success to treat a variety of conditions, ranging from autoimmune 

diseases such as multiple sclerosis [26, 27], infectious diseases such as hepatitis [28], to 

cancer [29]. Despite their efficacy, IFNs induce several adverse events, including fever, 

leukopenia, neuropsychiatric disorders, and a broad spectrum of thyroid dysfunctions [30]. 

These include autoimmune hypothyroidism, the most common abnormality found in about 

20% of cases [31, 32], destructive thyrotoxicosis in 2–3% of the patients [33, 34], and, more 

rarely, Graves disease [35, 36]. Following the original description of hypothyroidism [37], 

numerous papers have confirmed these findings [38, 39], reporting a prevalence of thyroid 

dysfunction ranging from 1 to 35% [40].

IFN administration causes thyroid abnormalities via several mechanisms (Fig. 1). It can 

induce the ectopic expression of MHC class II molecules (normally found on dendritic cells, 

macrophages, and B lymphocytes) on thyroid epithelial cells [41]. This expression is thought 
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to enhance presentation of thyroid antigens to self-reactive lymphocytes and consequently 

initiate or promote autoimmunity. More recently, attention has focused on changes in the 

various lymphoid subsets. Soldevila and colleagues studied 30 melanoma patients treated 

with high-dose interferon alpha and reported the appearance of thyroiditis in 9 (30%) of 

them. At the time of diagnosis, cases with thyroiditis showed a higher percentage of 

peripheral blood lymphocytes than thyroiditis-free controls, accompanied by increases in 

natural killer lymphocytes, and transitional B cells [42]. These systemic immune alterations 

may explain the clinical observation that interferon therapy causes a variety of autoimmune 

phenomena in addition to thyroiditis, such as vitiligo and vasculitis [43].

Despite the initial enthusiasm, cytokine-based cancer immunotherapy has been largely 

abandoned due to the appearance of more effective alternatives.

Thyroid dysfunctions following administration of monoclonal antibodies

Monoclonal antibodies can be used to directly target and destroy the tumor cells or to target 

immune molecules activating the immune system of the patient that in turn destroys the 

tumor. The direct approach to monoclonal antibody therapy requires that the target of the 

antibody is expressed predominantly on the tumor cell and the antibody mediating the cell 

cytotoxicity is coupled to a toxin, drug, or radioactive isotopes. An example is trastuzumab

—an antibody that targets the HER-2/neu receptor. This receptor is overexpressed in about 

25% of patients with breast cancer, which is associated with poor prognosis. Trastuzumab 

blocks the binding of the natural ligand to HER-2/neu and ultimately downregulates its 

expression. Another example is rituximab—a monoclonal antibody directed against the pan 

B-cell molecule CD20. Binding of rituximab to its antigen induces cell- mediated 

cytotoxicity and apoptosis of the B cell, features that have made it successful for the 

treatment of non-Hodgkin lymphomas.

The revolution in cancer immunotherapy, however, is undoubtedly due to the use of 

monoclonal antibodies that target and block molecules that are critical for immune 

regulation, so called immune checkpoint receptors. These checkpoints, such as cytotoxic T 

lymphocyte–associated antigen 4 (CTLA-4), programmed cell death protein 1 (PD-1), and 

PD ligand 1 (PD-L1), normally produce inhibitory signals that dampen T-cell function. 

When the checkpoints are blocked, T cells remain activated and unleash more potent effector 

functions, ultimately leading to the destruction of cancer cells. The downside of this 

phenomenon is that the unleashed T cells will also recognize normal self-antigens, in 

addition to tumor antigens, and thus potentially cause a broad range of immune-mediated 

adverse events. Following the introduction of ipilimumab and tremelimumab, monoclonal 

antibodies that target CTLA-4, this class of drugs has expanded to include pembrolizumab, 

nivolumab, pidilizumab, and BGB-A317, which block PD-1, durvalumab, atezolizumab, 

avelumab, MDX-1105, blockers of PD-L1, and AMP-224, a PDL2-IgG1 fusion protein.

Numerous adverse events have been reported after administration of immune checkpoint 

inhibitors, mainly affecting skin, gastro-intestinal tract, and endocrine glands. A now 

“classical” endocrine adverse event following CTLA-4 blockade is hypophysitis, and 

similarly typical is the development of thyroid autoimmunity after PD-1/PD-L1 pathway 

Chalan et al. Page 5

J Endocrinol Invest. Author manuscript; available in PMC 2018 June 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



inhibitors [44, 45]. It is important, however, to emphasize that the reporting of these adverse 

events is often published by oncologists who may not be familiar with the diagnosis of 

diseases they do not commonly see, such as endocrine dysfunction or cardiovascular 

complications. Therefore, an ascertainment bias is likely to be found in the current literature. 

For example, a recent meta-analysis found no differences in the occurrence of thyroid 

dysfunctions in trials with anti-CTLA-4 and anti-PD-1 antibodies, despite the fact that 

CTLA-4 blockade has been typically associated with hypophysitis and PD-1 blockade with 

thyroiditis [46].

Incidence, timing pattern, and management of various thyroid disorders upon treatment with 

anti-CTLA-4, anti-PD-1 and anti-PD-Ll immune checkpoint inhibitors have been 

comprehensively reviewed by several groups [44, 46-54]. Three of the published reports are 

of special interest [46, 47, 51]. Abdel-Rahman assessed the relative risk of hypothyroidism 

and hyperthyroidism secondary to anti-CTLA-4 (ipilimumab, tremelimumab) or anti-PD-1 

(nivolumab, pembrolizumab) therapy using ten randomized controlled studies and 

comparing the incidence of these adverse events between cases assigned to checkpoint 

inhibitor treatment and controls assigned to the standard-of-care treatments. Based on a 

sample of 3278 patients, they found a relative risk of 8.3 for hypothyroidism (4.7–14.6 95% 

confidence interval), and 5.5 for hyperthyroidism (1.3–22.5 95% confidence interval) [46]. 

Bertrand and colleagues calculated incidence of hypothyroidism and hyperthyroidism upon 

anti-CTLA-4 treatment (ipilimumab, tremelimumab) based on 22 clinical trials (phase II, 

phase I, prospective observational studies, and compassionate use trial) published as of 

October 2013. They reported a hypo- and/or hyperthyroidism incidence of up to 5.6% in a 

total of 1265 patients (with only 1 study overlapping between the two meta-analyses) [47]. 

Systematic review and meta-analysis on thyroid dysfunction secondary to the immune 

checkpoint blockade by Osorio et al. included 35 clinical trials (phase I–III), comprising a 

total of 7318 patients, published up until May 2016 (14 of 35 studies were also included in 

at least one of the above-mentioned studies). A range of various treatments was used in the 

selected trials, i.e., anti-CTLA-4 (ipilimumab, tremelimumab), anti-PD-1 (nivolumab, 

pembrolizumab, lambrolizumab), anti-PD-L1 (atezolizumab, durvalumab), in combination 

or as monotherapy [51]. Incidence of thyroid dysfunction was significantly higher in 

melanoma patients treated with anti-PD-1 (7.5%; CI 6.6–8.6) than in those treated with anti-

CTLA-4 antibody (3.6%; 1.7–7.4%), while no autoimmune thyroid adverse events were 

observed upon treatment with anti-PD-L1 agents. Rate of thyroid dysfunction following 

anti-PD-1 treatment was similar among patients with different types of cancer (melanoma, 

nonsmall-cell lung cancer and renal cell carcinoma) [51].

Thyroid dysfunction in cancer patients enrolled in clinical trials is often unnoticed because it 

can be asymptomatic or overshadowed by the symptoms of an advanced or progressing 

cancer [51]. To get a better understanding of the development of the thyroid dysfunction 

after treatment with ipilimumab [52, 55], pembrolizumab [48, 49, 51, 56] or nivolumab [57, 

58], investigators measured serum levels of thyroid stimulating hormone (TSH), free 

thyroxine (FT4), and/or triiodothyronine (T3) at baseline and during the treatment, as well as 

thyroperoxidase and thyroglobulin antibodies [48, 49, 51]. For example, Osorio et al. 

reported that 10 of 48 (21%) patients who were euthyroid at baseline developed 

hypothyroidism during pembrolizumab treatment requiring thyroid hormone replacement. 
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Of them, six developed an early and transient elevation of thyroid hormones before the onset 

of hypothyroidism, and 8 showed de novo appearance of thyroid autoantibodies [51]. Hypo- 

and/or hyperthyroidism develop relatively early during immune checkpoint inhibitor therapy, 

with a median onset of 10.7 or 9.1 weeks after initiation of nivolumab [59] or after 2–3 

ipilimumab doses [54], but can occur at any time during treatment [60]. Based on these 

findings, thyroid status (as assessed by TSH and free T4 measurement) should be assessed at 

baseline and periodically following immune checkpoint inhibitors [60, 61].

The mechanism(s) underlying thyroid dysfunction after immune checkpoint inhibitors (Fig. 

2) remain to be elucidated, similar to other non-thyroidal adverse events. The CTLA-4 

pathway is crucial for the development, maintenance, and function of regulatory T cells 

(Tregs), thus suggesting that inhibition of Tregs contributes to the development of these 

adverse events. Indeed, in mice Tregs ameliorate disease in a model of experimental 

autoimmune thyroiditis, specifically through a CTLA-4-dependent mechanism [62]. A 

similar role on Tregs is exerted by the PD-1/PD-L1 pathway, considering that both PD-1 and 

PD-L1 are expressed on resting Tregs [63]. PD-1/PD-L1 blockade could induce thyroiditis by 

diminishing Treg function and at the same time enhancing effector functions. Treatment with 

PD-1 blockade, however, did not affect the levels of peripheral blood Tregs [64]. It remains to 

be elucidated whether development of thyroiditis upon immune checkpoint blockade in 

humans is associated with diminished number and/or function of Tregs

Another possible mechanism of anti-PD1/PD1-L1-induced thyroid toxicity involves a direct 

binding of the injected monoclonal antibody to the thyroid cell, as it has been suggested for 

hypophysitis secondary to CTLA-4 blockade [65]. Indeed, PD-L1 and PD-L2 have been 

recently detected, both at the mRNA and protein level, in normal thyroid glands [58]. This 

indicates a possible role of the interaction between PD-1-expressing lymphocytes and PD-L-

expressing thyrocytes in protecting the thyroid gland from autoimmunity. A disruption of 

this interaction, as induced by administration of PD-1 or PD-L1 antibodies, could therefore 

lead to infiltration of the thyroid with autoreactive T and B lymphocytes, ultimately causing 

thyroiditis.

Thyroid dysfunctions following injection of oncolytic viruses

The injection of an oncolytic virus into a tumor site has been approved by the FDA in 2015 

for the treatment of melanoma. This form of immunotherapy exploits the ability of the virus 

to target the cancer cells, replicate and ultimately kill them (direct cytotoxicity) [66]. It also 

induces an activation of the host immune system through the release of tumor antigens that 

contributes to tumor eradication (indirect effect) [66, 67]. The approved oncolytic virus, 

talimogene laherparepvec (T-Vec, Imlygic™), is a herpes simplex virus type 1 combined 

with granulocyte/macrophage colony stimulating factor (GM-CSF) to recruit myeloid cells 

to the injection site and boost the antigen-presenting capabilities [68]. The response rate is 

around 60% for local melanoma lesions, 30% for non-injected distant sites, and 15% for 

visceral metastasis [69]. The most commonly reported adverse events are systemic 

symptoms such as fever, fatigue, nausea, and reactions at the injection site [66, 70].
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Treatment with oncolytic viruses is associated with a very low rate of thyroid dysfunctions. 

In a phase III study evaluating the safety and efficacy of T-Vec, a new-onset thyroid 

dysfunction was reported only in one of the 292 patients and considered to be unrelated to 

talimogene [71]. No other study has reported thyroid disease after treatment with T-Vec. A 

low incidence of thyroid adverse events was reported also when T-Vec was combined with 

other forms of cancer immunotherapy, for example, with immune checkpoint inhibitors, or 

with checkpoint inhibitors and a third form of treatment (triple therapy) [72], confirming its 

overall safety. Notably, clinical trials published as of March 2017, evaluating safety and 

efficacy of other oncolytic viruses, report no incidence of thyroid dysfunctions [73-75]. 

Other immune-mediated adverse events, however, do occur after administration of oncolytic 

viruses, including glomerulonephritis, vasculitis, pneumonitis, psoriasis, and vitiligo 

[68-70].

Thyroid dysfunctions following adoptive T-cell transfer

The term “adoptive immunity” (not to be confused with adaptive immunity) originally 

referred to the transfer of lymphocytes from a donor to a normal syngeneic recipient. It has 

now been expanded to describe the transfer of lymphocytes that have been isolated from a 

donor (such as a cancer patient), selected and expanded in vitro to large numbers, and then 

injected back into the same donor, a transfer that is therefore not “adoptive” in the original 

sense of the word (“The choosing and making that to be one’s own which originally was not 

so”). The adoptive transfer of T cells includes several steps (Fig. 3), which can currently be 

performed only in specialized centres [76]. After surgical removal of the patient’s tumor, 

tumor infiltrating lymphocytes are isolated and expanded in culture medium containing IL-2 

[77, 78]. The expanded lymphocytes are then tested for recognition of tumor antigens by a 

variety of approaches, including culture with recombinant minigenes synthesized after 

sequencing of the patient’s tumor exomes [79]. Lymphocytes can also be transfected with 

retroviral vectors encoding T-cell receptors specific for certain tumor antigens. These 

expanded tumor-specific lymphocytes are then transferred back to the patient who in the 

meantime underwent a lympho-depleting strategy, such as the administration of 

immunosuppressive drugs (cyclophosphamide and fludarabine) or total body irradiation. In 

101 patients with metastatic melanoma, 24 experienced complete remission and 23 an 

ongoing response [80]. The mechanism of action of adoptive T-cell transfer therapy likely 

relies on the ability of the expanded T cells to recognize the novel tumor antigens that have 

randomly originated by somatic mutations. These mutations confer specificity to the 

immune response since they are not found in the normal tissue counterpart. This form of 

therapy—although costly and labor- intensive—is appealing due to the fact that injected T 

cells that are directly responsible for the anti-tumor response, and can confer immunological 

memory and have thus the potential to be curative with a single injection [81].

A newer variation of adoptive cancer immunotherapy uses retroviruses to introduce a 

chimeric antigen receptor (CAR) in T cells isolated from the cancer patient. The 

transmembrane and intracellular domains of this chimera are those of a typical T-cell 

receptor, so they can provide the necessary signals for activation and co-stimulation. The 

extracellular domain is involved in a target binding, and may for example, be directed at the 

pan B-cell antigen CD19, to target malignant B cells. As in the more traditional adoptive 

Chalan et al. Page 8

J Endocrinol Invest. Author manuscript; available in PMC 2018 June 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



immunotherapy, CAR T cells are expanded in vitro and then injected back into the patient 

(Fig. 3). This approach has been mainly used for haematological malignancies, such as acute 

lymphocytic leukemia and diffuse large B-cell lymphoma.

The adverse events associated with adoptive T-cell transfer therapy comprise systemic 

infections secondary to the treatment of the patient with immunosuppression, acute cytokine 

toxicity (“cytokine storm”), off-target toxicities, and autoimmune manifestations. These 

include severe rashes followed by vitiligo, uveitis with vision impairment, and hearing loss 

[82, 83]. Thus far, no endocrine adverse events, including thyroid dysfunction, have been 

described, although experience with this form of cancer immunotherapy is limited.

Thyroid dysfunction following cancer vaccines

Cancer vaccination is the injection of tumor cells or purified tumor antigens with the goal of 

enhancing the response of the patient’s immune system against his/her cancer (Fig. 4). The 

rationale for this approach is that cancers are known to be poorly immunogenic due to a 

variety of mechanisms that allow them to escape immunosurveillance. Several manipulations 

are required to make cancer vaccines safe, effective, and accessible to a large number of 

patients. Cancer cells to be injected are irradiated to prevent their replication in the host. 

They are then administered in a context that makes them more immunogenic, i.e., they are 

either transfected to express GM-CSF or injected with a by-stander cell line that expresses 

GM-CSF, to recruit myeloid cells to the injection site and enhance antigen presentation [84]. 

They can be also combined with inactivated bacteria, such as Bacillus Calmette-Guerin, 

Corynebacterium parvum, or Listeria monocytogenes [85], to provide an adjuvant signal via 

stimulation of the Toll-like receptor pathways. Finally, they can be modified to overexpress a 

protein enriched in the tumor cells, such as prostatic acid phosphatase.

The ability of the immune system to recognize and kill the cancer cells depends upon the 

recognition of a particular combination of tumor antigens and MHC molecules, a 

combination that is therefore unique to each patient. Consequently, one approach is to 

surgically remove the tumor from the patient, isolate and modify the cancer cells, and then 

inject them back in that particular patient (autologous vaccine). Another approach is to use 

the cancer cells from a patient, strip them of their surface MHC molecules, and then inject in 

other patients who have the same type of cancer (allogeneic vaccine). In addition to injection 

of cancer cells, investigators are also exploring the idea of injecting cancer antigens that are 

either uniquely expressed by the tumor, such as the cancer-testis antigen NY-ESO, or 

preferentially by the tumor, such as the heat shock glycoprotein 96, to induce T-cell 

responses directed specifically against this target (a commercial product based on this idea is 

Vitespen used for renal cell carcinoma and melanoma) [86].

Cancer vaccines can be classified as prophylactic or therapeutic. Prophylactic cancer 

vaccines are based on the notion that many cancers are associated with viral infections, thus 

leading to the hypothesis that preventing these infections would reduce the risk of 

developing cancer. In 2005 the FDA approved the use in healthy women of Gardasil, a 

combination of recombinant human papilloma virus type 6, 11, 16, and 18 to prevent 

cervical cancer. Similarly, vaccination with Recombivax HB is used to prevent hepatitis B 
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and the associated hepatocellular carcinoma. On the contrary, therapeutic cancer vaccines 

are the ones used in patients who already have been diagnosed with cancer. Examples 

include Sipuleucel-T for treatment of asymptomatic or minimally symptomatic metastatic, 

castration-resistant prostate cancer [87] and GVAX prostate, pancreas, colon, lung, or 

melanoma for the treatment of the respective cancers. Overall, therapeutic cancer vaccines 

have thus far failed to provide a meaningful survival benefit [88].

Thyroid dysfunctions have been reported after cancer vaccines. In a phase I clinical study, 

nine HLA-A*0201 positive patients with high-risk epithelial ovarian cancer received the 

cancer-testis antigen NY-ESO-1 and the immune adjuvant Montanide ISA-51 every 3 weeks 

for five vaccinations. One patient (11%) developed hypothyroidism requiring levothyroxine 

replacement. During the routine follow-up, 3 months after completion of vaccination regime 

one patient, who at the end of the study did not show any unusual toxicity, developed a 

subclinical hyperthyroidism which resolved without therapeutic intervention [89]. 

Interestingly, the patient who developed hypothyroidism had the highest immune response 

seen in the study and a prolonged complete clinical remission. Recently a case of severe 

hyperthyroidism after NY-ESO-1 vaccination has been reported [90]. The patient had a 

synovial sarcoma of the right infratemporal fossa treated first with intensity modulated 

radiotherapy to the head and the neck, followed by chemotherapy. Two years later she 

received two cycles of five vaccinations of NY-ESO-1 combined with the immune adjuvant 

Poly-ICLC emulsified in Montanide ISA-51. One month after the beginning of 

immunotherapy she developed a mild hyperthyroidism caused by Graves’ disease. She was 

first treated with a beta-blocker and L-carnitine with clinical improvement, but then the 

hyperthyroidism progressively worsened requiring a total thyroidectomy [91]. The 

mechanism proposed by the authors is molecular mimicry between NY-ESO-1 and thyroid 

autoantigens.

Chianese-Bullock et al. reviewed the occurrence of thyroid autoimmunity in 55 melanoma 

patients treated with low-dose of IL-2 in conjunction with a vaccine comprising peptide-

pulsed dendritic cells, autologous tumor cells with GM-CSF in Montanide ISA-51, or 

synthetic peptides with GM-CSF in Montanide ISA-51. Fourteen patients (25%) developed 

thyroid abnormalities, including 2 cases of hypothyroidism and 13 of hyperthyroidism. The 

majority of these patients became euthyroid within several weeks after cessation of IL-2 

treatment [92].

In a pilot study of 15 prostate cancer patients who were treated with E75 (immunogenic 

peptide from the HER2/neu protein) and Flt3 ligand adjuvant (a growth and differentiation 

factor for dendritic cells), two (13.3%) developed clinically significant hypothyroidism 

requiring thyroid hormone replacement therapy. However, both subjects were found to have 

anti-thyroid antibodies prior to treatment, consistent with pre-existing autoimmune 

thyroiditis [93]. The topic of pre-existing thyroid autoimmunity as a risk factor for 

development of thyroid toxicity following cancer vaccine has been investigated by De 

Remigis et al. [94]. The authors reported that GVAX induced the development of 

thyroglobulin antibodies independently of the underlying cancer (81% in prostate cancer, 

75% colon cancer, and 76% pancreatic cancer) and the co-administration of ipilimumab 

(75% in GVAX only and 78% in GVAX plus ipilimumab). Exclusion of the patients who 
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already had thyroid antibodies at baseline did not change the overall findings. Development 

of autoantibodies (antinuclear, thyroglobulin, thyroperoxidase, mitochondrial antibody, and 

cardiolipin antibodies) has also been reported in melanoma patients treated with a vaccine 

comprised of melanoma-specific antigen (the ganglioside GM-2 coupled to keyhole limpet 

hemocyanin) with or without high-dose interferon-α2b as an adjuvant, GMK plus sequential 

HDI, or GMK alone [95]. In both studies, no data on the clinical manifestations of thyroid 

autoimmunity were available.

Despite these few reports on thyroid dysfunctions following cancer vaccine treatment, phase 

III clinical trials have shown that the approved commercial cancer vaccines are overall safe, 

well tolerated, and associated with limited adverse events [96, 97]. Thyroid dysfunctions 

were reported only in 1 of 215 (0.46%) patients with stage IV melanoma [98], and in 1 of 48 

(2.08%) patients with advanced renal cell carcinoma after treatment with Vitespen [99].

Thyroid dysfunction following combination therapy

The combination of different forms of immunotherapy is often considered necessary to 

induce a more robust and sustained anti-tumor immune response, although it can also 

increase the burden of adverse events. An example of combination therapy is, the use 

CTLA-4 and PD-1 blocking anti-bodies. Since CTLA-4 and PD-1 inhibit T-cell activation 

via different pathways, blocking these two inhibitory pathways is predicted to yield a 

synergistic effect. Dual blockade of CTLA-4 and PD-1 has been investigated in several 

clinical trials in patients with advanced melanoma (Supplemental Table S4 in [48]). Other 

ongoing trials are being conducted in renal cell carcinoma and non-small cell lung cancer 

with promising results. In October 2015 the combination ipilimumab + nivolumab received 

the FDA approval as a first line treatment of metastatic melanoma [100]. The expected high 

response rate with the combination treatment was indeed associated with more numerous 

endocrine adverse events. In particular, thyroid dysfunctions (mostly grade 1 or 2) occurred 

in 25% (78 of 313) of patients treated with the combination therapy but only in 13% (40 of 

313) or 5% (16 of 311) of those treated with nivolumab alone or ipilimumab alone, 

respectively (Supplemental Table S3 in [100]).

Nivolumab plus ipilimumab therapy also demonstrated favorable anti-tumor activity and 

durable responses in patients with metastatic renal cell carcinoma. In this population, 

hypothyroidism (grade 1 or 2) occurred in 19% (9 of 47) or 28% (13 of 47) of patients 

treated with 3 mg/kg nivolumab plus 1 mg/kg ipilimumab or 1 mg/kg nivolumab plus 3 

mg/kg ipilimumab, respectively [101]. Thyroid dysfunctions occurred at similar frequencies 

in patients with recurrent small cell lung cancer treated with 3 mg/kg nivolumab plus 1 

mg/kg ipilimumab (7 of 54, 13%) or 1 mg/kg nivolumab plus 3 mg/kg ipilimumab (17 of 61, 

28%). It was significantly less common (5 of 98, 5%), in patients treated with nivolumab (3 

mg/kg) alone [102]. Overall, thyroid dysfunctions are common in patients treated with a 

combination therapy but rarely of high (grade 3 or 4) toxicity that requires treatment 

withdrawal or results in fatal events. Clinicians should nevertheless be aware that patients 

treated with combination therapy are significantly more prone to adverse events and thus be 

ready to diagnose and treat them.
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Another type of combination therapy involves the coupling of immune checkpoint inhibitors 

with cancer vaccines. This combination does not seem to be associated with an increased 

load of immune-related adverse events [103]. In a phase I dose escalation trial, patients with 

metastatic, castration-resistant, prostate cancer were treated with ipilimumab and a poxviral-

based vaccine targeting prostate-specific antigen (PSA). Hypothyroidism (grade 2) was 

diagnosed in 4 of 30 patients (13%) at the higher ipilimumab dose [104].

Gibney et al. used nivolumab (1, 3, or 10 mg/kg) with a multi-peptide vaccine (gp 100, 

MART-1, and NY-ESO-1) emulsified in Montanide ISA 51 VG to treat patients with 

advanced melanoma. Thyroiditis with hypothyroidism (grade 2) developed in about a fifth of 

the patients and was successfully managed with hormone replacement therapy [105]. The 

same group analyzed the safety and efficacy of nivolumab (3 mg/kg) with or without a 

multi-peptide vaccine in 92 ipilimumab-refractory melanoma patients. They reported thyroid 

dysfunctions (hypothyroidism and hyperthyroidism) in 8 of 61 (13%) patients in the 

nivolumab only arm and in 9 of 31 (29%) patients in the nivolumab plus cancer vaccine arm 

[106]. Recently, Freeman-Keller et al. [59] analyzed data from two melanoma trials using 

nivolumab with or without a multi-peptide cancer vaccine. One study featured patients with 

resected disease and the other patients with unresectable disease. Thyroid dysfunctions 

(grade 2) were noted in 7 of 33 (21%) patients in the resected cohort and 12 of 115 (8%) 

patients in the unresectable cohort. These dysfunctions were not associated with statistical 

differences in overall survival.

Conclusion

In conclusion, this review offers a glimpse on the immunological approaches that are 

currently used to treat cancer and the thyroid dysfunctions that can develop in response to 

them. The review also highlights the complexity of the patient’s immune response, which 

prompts the emergence of new and diversified forms of immunotherapy.
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Fig. 1. 
a Anti-viral effects of interferons b The mechanism by which interferon causes autoimmune 

disease with a thyroid cell as an example
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Fig. 2. 
a Blockade of PD-1 on T cells as well as b blockade of PD-L1 on cancer cells promotes T-

cell activation
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Fig. 3. 
Steps involved in adoptive T-cell transfer therapies
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Fig. 4. 
Possible mechanisms of action of cancer vaccines
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