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Abstract

Introduction The immune checkpoint inhibitors (ICPIs) agents anti-T lymphocytes-associated antigen 4 (CTLA-4) and
anti-programmed cell death protein-1 (PD-1) and its ligands (PD-L1/PD-L2) have opened a new scenario in the treatment
of cancer. These agents can induce immuno-related adverse events (irAEs), which may affect the endocrine system.
Purpose The aim of this study was to analyze the occurrence and the course of endocrine irAEs in cancer patients treated
with anti-PD-1 immunotherapy.

Methods This was a retrospective, multicentre study, involving cancer patients treated with the PD-1 inhibitors nivolumab
or pembrolizumab at reference Oncology Centres. One hundred and seventy-nine consecutive patients with different types
of cancer (mostly non-small cell lung cancer, melanoma, kidney cancer) were included in the study. Patients had received
nivolumab (70.9%) or pembrolizumab (29.1%) for 2-33 months. The study evaluated clinical data records until the estab-
lished date of July 15, 2018. The primary end point was the assessment of endocrine toxicity and possible predictive factors.
Results Endocrine toxicity occurred in 54 out of 179 patients (30.2%) and was related to thyroid dysfunction, with the excep-
tion of one case of diabetes mellitus. Thyroid toxicity occurred mostly within 2 months from the initiation of immunotherapy
(83% of cases). A pre-existing thyroid dysfunction was a significant predictor of disease flare.

Conclusions Thyroid alterations are frequently associated with anti PD-1 treatment in cancer patients. Regular thyroid assess-
ment should be performed, particularly in the first months of treatment and in patients with a pre-existing thyroid disease.
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Introduction antibodies that inhibit negative regulatory components of the
immune response, thus stimulating T cells to attack cancer
cells. Three specific targets of these pharmacological agents
are the T lymphocytes-associated antigen 4 (CTLA-4), the

programmed cell death protein-1 (PD-1) and its ligands

The introduction of immune checkpoint inhibitors (ICPIs)
in recent years has resulted in an effective new tool for
the treatment of advanced cancer. ICPIs are monoclonal
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(PD-L1/PD-L2) [1]. The first ICPI that received approval
by the Food and Drug Administration in the U.S. for use
in advanced-stage melanoma was the CTLA-4 inhibitor
ipilimumab. Subsequently, PD-1 inhibitors (e.g. nivolumab,
pembrolizumab) and PD-L1 inhibitors (e.g. atezolizumab,
avelumab, durvalumab) have been approved and the spec-
trum of indications has been widely extended, including for
instance melanoma, non-small cell lung cancer (NSCLC),
renal cell carcinoma, Hodgkin lymphoma, head and neck
squamous cell cancer, hepatocellular carcinoma [2—10].

Because immune checkpoints play also a crucial role in
maintaining immunological self-tolerance, treatment with
ICPIs can induce the onset or the exacerbation of auto-
immune adverse effects. Immuno-related adverse events
(irAEs) may affect many organs and tissues. Most commonly
reported irAEs are represented by respiratory, gastrointesti-
nal, cutaneous and endocrine toxicities [11].

Endocrine irAEs include hypophysitis, which is more
commonly observed with ipilimumab, thyroid dysfunction,
which is more commonly associated with the use of anti-
PD-1 drugs or a combination of anti-PD-1 and anti-CTLA4,
insulin-deficient diabetes mellitus, and primary adrenal
insufficiency [12, 13]. Thyroid dysfunction may present as
hypothyroidism or as thyrotoxicosis, which can be transient
and followed by hypothyroidism. Exacerbation of a pre-
existing thyropathy may also occur [13]. The relationship
between ICPI treatment and irAEs is a clinically relevant
issue, particularly because patients with autoimmune disor-
ders, whose prevalence is estimated around 7.5-9.5% in the
general population [14], have been typically excluded from
immunotherapy clinical trials.

The aim of this multicentre retrospective study was to
analyze the occurrence and the course of endocrine irAEs
in a series of 179 patients with different cancers treated with
the PD-1 inhibitors nivolumab or pembrolizumab.

Patients and methods
Patients

One hundred and seventy-nine patients consecutively
referred to reference Centres in the Florence area (e.g. Radi-
ation Oncology Unit, Medical Oncology Unit and Unit of
Translational Oncology at the AOU Careggi; Melanoma and
Skin Cancer Unit, Tuscany Central District, IOT Hospital)
and in the Northeastern Italy (CRO, Aviano) and treated
with nivolumab or pembrolizumab for advanced cancer dis-
ease were enrolled in this retrospective study. Each patient
provided an informed consent for the data collection. Clini-
cal data recorded until the established date of July 15, 2018,
for patients with a follow-up of at least 2 months from the
initiation of immunotherapy, were analyzed. Nivolumab
was administered i.v. (usually 3 mg/kg) every 2 weeks
and pembrolizumab was administered i.v. (usually 2 mg/
kg) every 3 weeks. The demographic characteristics of the
patients are reported in Table 1. Data on thyroid function,
cortisol, glycemia, serum electrolytes at baseline and dur-
ing ICPIs therapy were retrieved from clinical charts. Data
on anti-thyroid antibodies (Ab) were collected, when avail-
able, from medical records. Hypothyroidism was defined
as an elevated TSH (> 4.5 mUI/L) with normal (subclinical
form), or decreased (overt form) free thyroid fractions (nor-
mal range: T4 10-19 pM, fT3 3.1-6.8 pM). Thyrotoxicosis
was defined as reduced TSH levels (TSH < 0.3 mUI/L) with
normal (subclinical form), or increased (overt form) free
thyroid fractions. All the hormone and biochemistry meas-
urements were performed at the central lab of the Careggi
or Aviano Hospitals, which use comparable methods and
reference range. Blood samples were drawn after an over-
night fast. All the blood parameters were measured as part

Table 1 Demographic
characteristics of the patients.

Males

Females Total

Percentages are related to

the number of patients for
each column (males, females,
total), except for the number

Number of patients
Age (mean +SE)

of patients, for which the NSCLC 64 (58.2%)
percentage of males and females Melanoma 30 (27.3%)
refel'r t.o the total number of Kidney 13 (11.8%)
participants Head-Neck 2 (1.8%)
Breast
Bladder 1 (0.9%)
Nivolumab 77 (70.0%)
Pembrolizumab 33 (30.0%)
Follow-up

110 (61.5%)

Average: 66.7+10.3,
range: 42-90 years

69 (38.5%) 179

Average: 64.0+14.4, Average: 65.7+12.1,
range: 22-92 years range: 22-92 years

39 (56.5%) 103 (57.5%)
19 (27.5%) 49 (27.4%)
3 (4.4%) 16 (8.9%)
4(5.8%) 6 (3.4%)

0 3 (4.4%) 3(1.7%)
1(1.5%) 2 (1.1%)
50 (72.5%) 127 (70.9%)
19 (27.5%) 52 (29.1%)

2-33 months
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of clinical practice as a screening of possible complications
of ICPI treatment.

Statistical analysis

Continuous variables with a normal distribution and categor-
ical variables were expressed as mean =+ standard deviation
or percentages, respectively. Differences between groups
in continuous and categorical variables were assessed by
Student ¢ and Chi-squared test, respectively. The analysis of
the possible predictors of thyroid alteration was performed
by a multilevel binary logistic regression for the evaluation
of the association between five putative predictors and the
occurrence of alterations in thyroid function as outcome,
with “no thyroid disease or stable disease” being the referent
category. The trend over time of thyroid toxicity was evalu-
ated by a survival analysis using the log-rank test to evaluate
the difference in events among the months of observation.

Results
Endocrine toxicity

Endocrine toxicity occurred in 54 out of 179 patients
(30.2%), 29 (53.7%) of whom were males and 25 (46.2%)
females. Twenty-nine (53.7%) patients had NSCLC, 13
(24%) melanoma, 7 renal cancer, 3 head and neck cancer,
1 breast cancer and 1 bladder cancer. Forty-four (81.4%) of
the 54 patients, in which endocrine toxicity occurred, were
treated with nivolumab and 10 (18.6%) with pembrolizumab.
Almost the totality of patients who experienced endocrine
toxicity developed thyroid alterations (n=53, 29.6%). In one
patient the onset of type 1 diabetes mellitus was observed.
This was the case of a 43 years old female treated with
nivolumab for a melanoma. The patient developed polyu-
ria and polydipsia, weight loss and asthenia 12 months
after the initiation of nivolumab. Plasma glucose concen-
trations > 300 mg/dl were repeatedly found, together with
suppressed C-peptide levels, and insulin treatment was pre-
scribed. Nivolumab was continued and the patient rapidly
achieved a good glycemic control.

Thyroid alterations

With regard to thyroid dysfunction, in 32 cases (17.9% of
the whole group of 179 patients) a new onset thyropathy
was observed upon the initiation of nivolumab or pembroli-
zumab (Table 2A). In the remaining 21 patients, who expe-
rienced thyroid toxicity, a pre-existing thyroid dysfunction

was present at baseline and a disease flare occurred upon
the initiation of ICPI treatment, which required drug regi-
men adjustment (Table 2B). In other 9 patients, who were
receiving treatment for a thyroid dysfunction at baseline,
ICPIs treatment was not associated with a thyroid disease
flare. Therefore, 21 out of 30 patients (70%) with a pre-
existing thyroid function alteration experienced a disease
flare upon initiation of ICPIs. The statistical analysis of pos-
sible predictors of thyroid alterations during ICPI therapy
with nivolumab or pembrolizumab actually revealed that any
pre-existing thyroid dysfunction is a significant risk factor
for the development of toxicity (p <0.0001). In this group
of patients anti-thyroid Ab had been assessed only in a very
few cases and it was not possible to determine whether a
pre-existing thyroid autoimmunity is a predictor of thyroid
toxicity. No correlation between gender, type of cancer, type
of anti PD-1, age and the development of thyroid toxicity
was observed (Fig. 1).

As per the type of thyroid dysfunction, in 13 (24.5%)
out of the 53 patients with thyroid alterations thyrotoxi-
cosis was observed, whereas in 24 (45.3%) patients a new
onset hypothyroidism or the progression of a pre-existing
hypothyroidism occurred. Finally, in 16 (30.2%) patients
transient thyrotoxicosis was followed by hypothyroidism.
Anti-thyroid Ab were assessed in 11 cases and were found
positive in six of them.

Overall, 40 (75.5%) patients received pharmacologi-
cal treatment for thyroid dysfunction, whereas 13 (24.5%)
patients underwent spontaneous resolution without the
need to initiate specific therapy. An example of the bipha-
sic pattern (e.g. thyrotoxicosis followed by hypothyroidism)
is shown in Fig. 2. A woman treated with nivolumab for
advanced NSCLC developed mild thyrotoxicosis 2 months
after the initiation of therapy. A couple of weeks later sub-
clinical hypothyroidism occurred, followed by overt hypo-
thyroidism at month 3. Nivolumab had not been discon-
tinued and L-thyroxine treatment had been initiated at that
point, yet at a very low dose, which did not avoid further
severe decline of the thyroid function. The dose had been
tapered up to 125 mcg/day during the following months
and at the time of the most recent follow-up visit TSH had
returned close to the normal range.

In 33 out of 53 patients (62.3%) thyroid toxicity was
observed within the first 2 months after the initiation of
ICPI treatment and the risk was significantly higher in the
first month, when 24 cases were observed. From month
3-5 thyroid alterations occurred in additional 11 patients
(Fig. 3). The remaining 9 patients developed endocrine tox-
icity between month 6 and 9 (1 at month 6, 2 at month 7, 3
at month 8, 3 at month 9) (not shown).
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Table 2 Clinical characteristics of patients with a new onset thyropathy (A), or with a disease flare (B)

Patient Thyroid function before ~ Onset of thyropathy Thyroid altera- TSH fT4 (pM), Treatment® TSH normal-
ICPI (weeks after start of tion (mU/L)* T3 (pM) ized (at last
ICPI) follow-up)
A)
1 Normal 32 Hypothyroidism 4.9 15.1,37 - Yes (s.r.)°
2 Normal 20 Hypothyroidism 5.1 132,38 - Yes (s.r)
3 Normal 4 Biphasic pattern 0.03; 142 17,5.7 L-thyroxine 125 ug/day No
<02,14
4 Normal 2 Biphasic pattern  0.04; 50 18,4.5 Metimazole 5 mg/day; Yes
10.7,3.2 L-thyroxine 100 pg/day
5 Normal 35 Hypothyroidism 5.2 15.6,4.1 - Yes (s.r.)
6 Normal 8 Biphasic pattern 0.1; 90 21.7,6.3  L-thyroxine 100 pg/day No
8.6,2.9
Normal 1 Thyrotoxicosis ~ <0.005 24.1,6.9  Metimazole 5 mg/day Yes
Normal 12 Hypothyroidism 27 8.78,2.86 L-thyroxine 100 pg/day Yes
Normal 4 Thyrotoxicosis 0.1 20.9,6.6  Metimazole 5 mg/day Yes
10 Normal 35 Hypothyroidism 5.8 134,47 - Yes (s.r.)
11 Normal Hypothyroidism 6 129,56 - Yes (s.r.)
12 Normal Biphasic pattern  0.2; 15 16.9,5.3  L-thyroxine 50 pg/day Yes
13.1,3.9
13 Normal 2 Biphasic pattern 0.15; 33 18.4,5.1  vr-thyroxine 100 pg/day Yes
11.5,3.3
14 Normal 8 Hypothyroidism 9 14.2,49  rthyroxine 50 ug/day Yes
15 Normal 8 Thyrotoxicosis  0.13 193,64 - Yes (s.r.)
16 Normal 16 Hypothyroidism 4.8 133,49 - Yes (s.r.)
17 Normal 4 Biphasic pattern 0.02; 15 22.5,6.9  Metimazole 5 mg/day; Yes
12.1,5.1  vr-thyroxine, 50 ug/day
18 Normal 4 Thyrotoxicosis  0.02 244,73  Metimazole 5 mg/day No
19 Normal 12 Hypothyroidism 5.7 13.1,52 - No
20 Normal 2 Thyrotoxicosis ~ 0.08 21.9,6.1 - Yes (s.r.)
21 Normal 4 Biphasic pattern  0.1; 6.7 179,61 - No
12.9, 4.9
22 Normal 8 Biphasic pattern 0.12; 45 21.8,4.8  L-thyroxine 125 pg/day No
09,24
23 Normal 4 Hypothyroidism 6 13.6,54 - No
24 Normal 44 Hypothyroidism 17.8 11.2,3.2  r-thyroxine, 50 ug/day Yes
25 Normal 12 hypothyroidism 5.8 12.8,5.1 - No
26 Normal 35 Thyrotoxicosis ~ 0.27 19.9,5.2 Yes (s.r.)
27 Normal 18 Hypothyroidism 6.5 133, 4 - No
28 Normal 30 Thyrotoxicosis ~ 0.07 20.1,59 - Yes (s.r.)
29 Normal 4 Thyrotoxicosis  0.33 17.3,5.1 - Yes (s.r.)
30 Normal 16 Hypothyroidism 9 12.7,5.1  L-thyroxine 50 pg/day Yes
31 Normal 16 Biphasic pattern  0.1; 5.4 185,58 - Yes (s.r.)
14.1,3.9
32 Normal 4 Thyrotoxicosis ~ 0.11 23.1,6.9  Metimazole 5 mg/day Yes
(B)
1 Subclinical hyperthyroid- 2 Thyrotoxicosis  <0.005 24.3,7 Metimazole 10 mg/day Yes
ism (metimazole 5 mg/
day)
2 Subclinical hypothyroid- 4 Biphasic pattern  0.04,6.5 12.6,3.2  Metimazole 5 mg/day; Yes
ism L-thyroxine 50 pg/day
3 Subclinical hypothyroid- 2 Biphasic pattern 0.1, 10 19.7,5.8  Metimazole 5 mg/day; Yes
ism (L-thyroxine 50 ug/ 12.3,34 L-thyroxine 50 pg/day

day)
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Table 2 (continued)
Patient Thyroid function before ~ Onset of thyropathy Thyroid altera- TSH fT4 (pM), Treatment® TSH normal-
ICPI (weeks after start of tion (mU/L)*  {T3 (pM) ized (at last
ICPI) follow-up)
4 Subclinical hypothyroid- 4 Biphasic pattern  0.01, 43 22.5,7.2  Metimazole 5 mg/day; No
ism (L-thyroxine 50 ug/ 11.6,3.6 L-thyroxine 100 ug/day
day)
5 Subclinical hypothyroid- 7 Hypothyroid- 100.8 95,29 L-thyroxine 125 mcg/day  Yes
ism (L-thyroxine 50 ug/ ism
day
6 Subclinical hypothyroid- 2 Hypothyroid- 9 14.1,4.6  L-thyroxine 75 pg/day Yes
ism (L-thyroxine 50 ug/ ism
day
7 Hypothyroidism (L-thy- 8 Thyrotoxicosis ~ 0.02 223,69  Metimazole 5 mg/day Yes
roxine 125 pg/day
8 Subclinical hypothyroid- 24 Hypothyroid- 13.2 13,4.1 L-thyroxine 50 pg/day Yes
ism (L-thyroxine 25 pg/ ism¢
day
9 Subclinical hypothyroid- 4 Thyrotoxicosis ~ 0.07 185,59 - Yes (s.1.)°
ism (L-thyroxine 25 ug/
day
10 Subclinical hypothyroid- 2 Hypothyroid- 34 10.2,3 L-thyroxine 100 ug/day No
ism (L-thyroxine 50 ug/ ism'
day
11 Subclinical hypothyroid- 2 Hypothyroid- 7 12.7,3.4  1-thyroxine 75 pg/day Yes
ism (L-thyroxine 50 pg/ ism
day
12 Subclinical hypothyroid- 2 Biphasic pattern 0.2, 36 17.6,5.9  L-thyroxine 75 pg/day Yes
ism (L-thyroxine 50 pg/ 11.7,3.3
day
13 Subclinical hypothyroid- 4 Hypothyroid- 8.3 14.4,3.9  vr-thyroxine 75 pg/day Yes
ism (L-thyroxine 50 ug/ ism
day
14 Subclinical hyperthyroid- 4 Thyrotoxicosis ~ 0.02 21.1,6.7  Metimazole 5 mg/day Yes
ism
15 Subclinical hypothyroid- 8 Hypothyroidism 24 99,28 L-thyroxine 75 pg/day Yes
ism (L-thyroxine 50 ug/
day)
16 Hyperthyroidism (meti- 12 Hypothyroidism 5.3 15.1,46 - No
mazole 10 mg/day)
17 Subclinical hypothyroid- 2 Hypothyroidism 16.5 11.6,3.3  L-thyroxine, 75 ug/day Yes
ism (L-thyroxine 50 ug/
day
18 Hypothyroidism (L-thy- 12 Biphasic pattern 0.05,8.5  20.6,6.3  Metimazole 5 mg/day; Yes
roxine 100 pg/day 13.8,3.9 L-thyroxine 50 pg/day
19 Hypothyroidism (L-thy- 28 Biphasic pattern 0.19, 12 18.6,6.1  L-thyroxine 75 pg/day Yes
roxine 125 pg/day 12.3,4
20 Subclinical hypothyroid- 30 Biphasic pattern 0.1, 8 19.5,6.2  L-thyroxine 50 pg/day Yes
ism (L-thyroxine 50 ug/ 12.4,3.8
day
21 Subclinical hypothyroid- 28 Hypothyroid- 7 12.6, 4 L-thyroxine 75 pg/day Yes
ism (L-thyroxine 50 ug/ ism¢

day

“Lowest/highest detected value
"Highest dose

“sr spontaneous resolution

4TSH increase above upper normal limit
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Discussion

In this study, we have evaluated the occurrence of endo-
crine toxicity in a series of 133 consecutive cancer patients
treated with the anti PD-1 agents nivolumab and pembroli-
zumab at different oncology centres. Thirty-tree patients
experienced a new onset endocrine dysfunction, which
involved the thyroid gland, with the exception of one case
of insulin-dependent diabetes mellitus. This result is in
agreement with current clinical experience indicating that
thyroid disorders represent the most common endocrine
complication observed in cancer patients treated with anti
PD-1 agents (12). In two of the largest studies address-
ing thyroid toxicity in patients treated with nivolumab or
pembrolizumab for melanoma, the percentage of thyroid
dysfunction was 39% (18/46 patients) in one case [15] and
9% (9/103 patients) in the other case [16].

A change in the course of disease in patients with a
pre-existing thyropathy, who initiate ICPI treatment, has
been also described previously [17, 18]. In another recent
study, 29 patients with advanced melanoma were first
treated with ipilimumab and then shifted to pembroli-
zumab or nivolumab for disease progression. Among these
patients, 14 presented thyroid function abnormalities at
the end of treatment with ipilimumab. After anti PD-1
initiation, thyroid function alterations were observed in
additional 7 patients and 3 of them had a pre-existing auto-
immune thyropathy with euthyroidism [19]. In our series,
21 (70%) of the 30 patients with a pre-existing thyroid
dysfunction experienced a disease flare after they received
PD-1 inhibitors. Similar results were obtained in a series

0.1 1 10 100
Gender (Mvs. F) 4 ——
Type of tumor | o
Pre-existing
thyroid dysfunction | P < 0.0001
Anti-PD1 type
(Pembro vs. Nivo) o
Age range
4 -

Fig.1 Analysis of predictors of thyroid toxicity with nivolumab or
pembrolizumab

@ Springer

of patients treated with at least one dose of ipilimumab
and/or nivolumab/pembrolizumab. Out of 61 patients, 43
(77%) developed an exacerbation of thyroid alteration,
which was more frequent in patients receiving a combined
treatment [20].

Noteworthy, statistical analysis revealed that a pre-exist-
ing alteration of thyroid function was the unique predictor
of thyroid toxicity among the parameters that were analyzed.
These data suggest that thyroid function should be regularly
assessed in cancer patients undergoing ICPI treatment, par-
ticularly in those receiving anti PD-1 agents, which affect
thyroid function more frequently than anti CTLA-4 agents,
and in those with a pre-existing thyroid alteration.

With regard to the type of thyroid alteration that occurred
during anti PD-1 therapy, different scenarios were observed:
hypothyroidism was the most frequent alteration (45.3% of
cases), but thyrotoxicosis (24.5%) or transient thyrotoxicosis
followed by hypothyroidism (30.2%) were also observed.
Similar patterns have been observed in other studies and
have been extensively reviewed [13]. If we consider the total
number of patients (n=179), our results indicate that 13.4%,
7.3%, 8.9% of them developed hypothyroidism, thyrotoxico-
sis, or transient thyrotoxicosis followed by hypothyroidism
after the initiation of ant PD-1 therapy, respectively. A meta-
analysis of 38 randomized controlled trials, which included
anti-CTLA-4, anti-PD-1, and anti-PD-L1 therapy, indicated
the presence of 472 cases of hypothyroidism among 7551
patients (6.2%), and 194 cases of thyrotoxicosis among
7531 patients (2.6%) [21]. The lower frequency of thyroid
dysfunction that resulted from the analysis of these trials
may be likely due to the fact that also anti-CTLA-4 therapy,
which less frequently causes thyroid toxicity than PD-1 and
PD-L1 inhibitors, had been included. In addition, the authors
claimed that a number of cases of thyrotoxicosis may have
been missed in the studies that were analyzed, because they
may occur earlier than hypothyroidism and may be transient
and, therefore, not diagnosed [21].

Another finding from our study is that thyroid toxicity
may require specific pharmacological treatment (75.5%), but
it may be also asymptomatic or mildly symptomatic and with
a spontaneous resolution without the need of pharmacologi-
cal treatment (24.5%).

The majority of thyroid toxicities occurred within
5 months from the initiation of anti-PD-1 treatment. Our
results are in agreement with those found in studies involv-
ing the largest series of patients, published so far, which
indicate a median time from the first dose of nivolumab
or pembrolizumab and thyroid function alteration of about
60 days [15, 16, 22]. Therefore, it can be suggested that
thyroid function monitoring should be routinely performed
and with higher frequency in the first months of anti PD-1
therapy, when the risk to develop endocrine toxicity is
higher.
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Fig.2 Example of thyroid toxicity with a biphasic pattern in a woman with NSCLC treated with nivolumab (patient 22 in Table 2A)

16.0%
p=0.03

14.0% —

12.0%

10.0%

8.0%
’ p=0.479

6.0%
4.0% 1| p=0699
2.0%
n=3 H
0.0%
3
Months from the start of treatment

Fig.3 Time of onset of thyroid toxicity

Because ICPI-associated thyrotoxicosis may resolve
spontaneously or convert into hypothyroidism, routine meas-
urement of anti-thyroid Ab has not been considered to be
of help and has not been recommended for cancer patients
treated with ICPI, so far [13]. Accordingly, also in our ret-
rospective study anti-thyroid Ab had been checked, in the
oncology centres involved, in only 11 patients and resulted
positive in 6 cases. It should be noted that the assessment
of anti-thyroid Ab has been rarely performed also in the
large afore mentioned studies. In particular, in the study
by Morganstein et al. [15], anti-thyroid Ab were assessed
in 5 out of 56 patients and were found positive in 4 cases,
whereas in the study by Scott et al. [16] they were analyzed
in 7 out of 103 patients and were found positive in 5 cases.

However, the assessment of anti-thyroid Ab might be recon-
sidered and be viewed as a possible prognostic biomarker,
should the development of thyroid autoimmune response
be associated with a better effectiveness of cancer immuno-
therapy. With regard to this issue, more than 10 years ago
a study concluded that the appearance of clinical and labo-
ratory evidence of autoimmunity during therapy with high
dose interferon in patients with melanoma had a significant
impact on relapse-free survival and overall survival [23]. A
more recent study reported that the development of anti Tg
Ab in cancer patients treated with GVAX (for vaccine made
of a tumor cell type transfected with GM-CSF) and/or ipili-
mumab was associated with a significant prolonged survival
[24]. Skin toxicity has been suggested as a possible bio-
marker of efficacy in patients treated with EGFR inhibitors
[25]. Similarly, vitiligo has been associated with a longer
survival in patients receiving immunotherapy for melanoma
[26]. Admittedly, this might be an important issue to be fur-
ther investigated. Unfortunately, exhaustive data are lacking,
so far, also because patients with autoimmune diseases have
been typically excluded from ICPI trials and immunotherapy
in these patients is still considered investigational [27]. Nev-
ertheless, in cancer patients with a pre-existing autoimmune
disease, who did not experience a disease flare for 2 years
and who are not receiving immunosuppressive treatment,
ICPIs are a conceivable option [28]. In case of a new onset
thyropathy or of a thyroid disease flare, it is considered safe
to maintain ICPI treatment for low-grade disease (1-2) and
to temporarily withhold it for advanced grade (>3) [13, 29].
Therefore, considering the clinical relevance of ICPIs as a
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new tool for cancer treatment, it should be highlighted that
immunotherapy has not in principle to be interrupted in the
presence of endocrine or metabolic side effects.

The main limitation of our study is represented by its ret-
rospective nature, which did not allow a formal sample size
calculation, a strict follow-up program and the availability of
anti-thyroid Ab. On the other hand, the assessment of blood
parameters during the scheduled hospital admissions for the
administration of ICPI therapy allowed a standardized col-
lection of data. Admittedly, the main strength of the study
relies on the sample size, which includes a large series of
patients outside of a clinical trial protocol, thus representing
real-life data.

In summary, in this study we have described the pres-
ence of endocrine-related toxicity, almost invariably due
to thyroid alterations, in about one-third of cancer patients
treated with nivolumab or pembrolizumab. A pre-existing
thyroid dysfunction is a predictor of thyroid toxicity, which
may be represented by a wide spectrum of alterations (thy-
rotoxicosis, hypothyroidism, thyrotoxicosis followed by
hypothyroidism). In many cases thyroid toxicity raises
within a few months from the beginning of immunotherapy.
Thyroid alterations may require specific pharmacological
intervention and, therefore, thyroid function should be rou-
tinely assessed in these patients. Because of the complex and
sometimes unpredictable scenarios that may occur, a close
monitoring by an endocrinologist should be warranted. To
this purpose, practical algorithms have been suggested [29].
More in general, with the expanding use of immunotherapy
in cancer, a multidisciplinary approach is needed for the
management of side effects and post-marketing surveillance.
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