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Abstract

The immune-related adverse events associated with immunotherapy may affect endocrine glands
and other tissues. Two Chinese patients with malignancies were treated with programmed cell
death-1 (PD-I) inhibitors (nivolumab and pembrolizumab) and followed up with biochemical tests
over | year. After PD-| treatment for 6 to 10 months, the patients developed symptoms of
diabetes, ketoacidosis, and insulin secretion failure. Type | diabetes mellitus was confirmed by the
characteristic fluctuation of blood glucose that was controlled with multiple daily insulin injec-
tions. Neither patient’s insulin depletion status was reversed in subsequent years. To decrease the
life-threatening complications of diabetic hyperosmolar syndrome and ketoacidosis caused by
type | diabetes mellitus, it is necessary to monitor the blood glucose and hemoglobin Alc levels.
Islet ff-cell autoantibodies and human leukocyte antigen genes can provide additional information
in select cases.
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Introduction

Programmed cell death-1 (PD-1) inhibitors
are a type of immune checkpoint inhibitor
(ICI) that have served as effective anti-
cancer drugs in recent years. They bind
PD-1 receptors and block their interactions
with programmed cell death ligand-1
(PD-L1)." Notably, PD-1 inhibitors are
also associated with immune-related
adverse events, which may influence endo-
crine glands and other tissues. Two mono-
clonal antibodies of PD-1 inhibitors,
nivolumab and pembrolizumab, are widely
used to treat malignancies. However, they
cause irreversible impairment in multiple
endocrine glands, especially islet B cells of
the pancreas. We herein describe two
Chinese patients who developed type 1 dia-
betes mellitus (T1IDM) induced by PD-1
inhibitor therapy for malignancies.

Case report

Case |

An 81-year-old woman was diagnosed with
locally advanced nasopharyngeal carcino-
ma (TINOMO) in 2017. She was treated
with nivolumab at 2mg/kg every 2 weeks.
After six doses, a computed tomography
scan showed no focal tumor. However,
6 months later (August 2018), she was
admitted to our hospital with complaints
of polyuria, polydipsia, weight loss, and
vomiting. No evidence of pancreatitis was
found by computed tomography examina-
tion and amylase and lipase measurement.
Laboratory tests showed ketonuria, hyper-
glycemia (1124 mg/dL  [62.45 mmol/L]),
metabolic acidosis (pH, 7.23; bicarbonate
ion, 14.5mmol/L), a slightly high hemoglo-
bin Alc level (8.8%), positive glutamic
acid decarboxylase antibody (GADA),
and absence of insulin-secreting capacity
(C-peptide concentration of 0.02ng/mL
on fasting and 2 hours after a meal);

additionally, = whole-exome  sequencing
revealed the genotype HLA-DQA1/DQBI
(Table 1). These findings and the patient’s
clinical course were compatible with the
diagnostic criteria for fulminant TIDM.?
She was prescribed multiple daily insulin
injections. Weak insulin-secreting capacity
or endogenous insulin secretion was found
during subsequent years of clinical follow-
up. Interestingly, GADA became negative
after 3 years. The patient also developed
autoimmune thyroiditis after developing
T1DM; she exhibited subclinical hypothy-
roidism (elevated thyroid-stimulating hor-
mone concentration with normal free
triiodothyronine and free thyroxine concen-
trations) and positive thyroperoxidase and
thyroglobulin antibodies (Table 1).

Case 2

A 76-year-old man with a 2-year history of
type 2 diabetes mellitus was diagnosed with
non-small cell lung cancer (T2aN1IMO) in
2017. Because of his advanced age and
asthenia, he was treated with 1.7mg/kg of
pembrolizumab every 17 days (instead of
200mg every 3 weeks). After five doses,
the tumor size was obviously reduced, but
hypothyroidism appeared (low thyroxine
and high thyroid-stimulating hormone
concentrations). He was treated with
L-thyroxine at 50 pg/day. After the 11th
(final) dose in the 10th month of treatment,
the patient was admitted to the emergency
department with vomiting, diarrhea, weight
loss, and lethargy but without polyuria,
polydipsia or polyphagia. No evidence of
pancreatitis was found by ultrasonography
examination and amylase and lipase mea-
surement. Laboratory tests suggested
ketonuria, hyperglycemia (590.40 mg/dL
[32.80 mmol/L]), negative insulin autoim-
mune antibodies, and some basal secreting
capacity of B cells (fasting C-peptide con-
centration of 1.42ng/mL), although the
reserved capacity was poor (C-peptide
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Table I. Laboratory data of Case I.

Results

Reference

Item Aug 2018 Aug 2019 Aug 2021 range
BMI, kg/m? 20.9 20.0 20.4 18.5-23.9
Glucose, mg/dL (mmol/L) 1124 (62.45) 160 (8.88) 118 (6.55) <200 (11.1)
Hemoglobin Alc, % 8.8 8.6 7.8 <6.5
Urinary ketone Positive Negative Negative Negative
pH 7.23 / / 7.35-7.45
HCO;, mmol/L 14.5 / / 22-28
C-peptide (fasting), ng/mL 0.02 0.02 0.03 0.81-3.85
C-peptide (2 hours after meal), ng/mL 0.02 0.02 0.03 0.81-3.85
GADA Positive Positive Negative Negative
ICA Negative Positive Negative Negative
IAA Negative Negative Negative Negative
TSH, plU/mL 3.14 13.05 8.17 0.30—4.50
FT3, pg/mL 237 3.02 4.05 1.214.18
FT4, pg/mL 13.02 13.53 15.42 8.90-17.20
TPO Ab, % 2.83 1.96 119 <10.00
TG Ab, % 10.82 8.54 44| <30.00
Creatinine, pmol/L 77.0 85.7 106.4 41.0-81.0
Na, mmol/L 144.60 140.80 143.00 137.00-147.00
K, mmol/L 3.01 4.35 431 3.50-5.30
Cl, mmol/L 107.20 103.40 102.60 96.00-108.00
Cortisol (08:00), pg/mL 203.40 224.40 122.40 72.60-322.80
ACTH (08:00), pg/mL 9.47 9.62 8.46 6.00-40.00
HLA typing by whole-exome sequencing DQAI

DQBI

BMI, body mass index; HCOj3, bicarbonate ion; GADA, glutamic acid decarboxylase antibody; ICA, insular cell antibody;
IAA, insulin autoantibody; TSH, thyroid-stimulating hormone; FT3, free triiodothyronine; FT4, free thyroxine; TPO Ab,
thyroperoxidase antibody; TG Ab, thyroglobulin antibody; ACTH, adrenocorticotropic hormone; HLA, human leukocyte

antigen.

concentration of 1.67ng/mL at 2 hours
after a meal). Whole-exome sequencing
showed the genotype HLA-DQA1/DQBI
(Table 2). The patient’s glucose concentra-
tion was controlled by multiple daily insulin
injections. In the 4th and 12th months of
treatment, laboratory tests showed absence
of C-peptide and insulin-secreting capacity
(C-peptide, 0.01-0.04 ng/mL on fasting and
2 hours after a meal), low serum adrenocor-
ticotropic hormone (ACTH) (3-5pg/mL),
low serum cortisol (49-70pg/mL), and
hyponatremia (126—132 mmol/L) (Table 2).
Therefore, we corrected the diagnosis
to ICI-induced brittle TIDM requiring

multiple daily doses of insulin by the char-
acteristic brittle glucose fluctuations. The
patient developed evidence of hypothyroid-
ism, decreased serum ACTH and cortisol
concentrations, and intractable hyponatre-
mia, indicating that the functions of the
thyroid gland and pituitary gland were
also impaired after treatment with pembro-
lizumab. The patient was treated with
hydrocortisone; however, he died in
December 2019.

Written informed consent was obtained
from the patients and their families for pub-
lication of these case reports. The study
protocol was approved by the Ethics



Journal of International Medical Research

Table 2. Laboratory data of Case 2.

Results

Reference
Item Jan 2018 May 2018 Dec 2019 range
BMI, kg/m? 22.8 19.7 19.0 18.5-23.9
Glucose, mg/dL (mmol/L) 590.40 (32.80) 158.40 (8.80) 381.60 (21.20) <200 (I1.1)
Hemoglobin Alc (%) 4.6 9.3 8.6 <6.5
Urinary ketones Positive Negative Negative Negative
pH 7.36 / / 7.35-7.45
HCO;, mmol/L 21.50 / / 22-28
C-peptide (fasting), ng/mL 1.42 0.04 0.0l 0.81-3.85
C-peptide (2 hours after meal), ng/mL 1.67 0.03 0.02 0.81-3.85
GADA Negative Negative Negative Negative
ICA Negative Negative Negative Negative
IAA Negative Negative Negative Negative
TSH, plU/mL 2.78 9.7 7.73 0.30-4.50
FT3, pg/mL 3.14 2.84 3.09 1.21-4.18
FT4, pg/mL 11.37 13.82 14.28 8.90-17.20
TPO Ab (%) 1.45 1.25 3.36 <10.00
TG Ab (%) 4.58 3.26 4.75 <30.00
Creatinine, pmol/L 77.5 76.2 46.7 41.0-81.0
Na, mmol/L 136.10 132.60 126.00 137.00-147.00
K, mmol/L 3.66 3.52 4.35 3.50-5.30
Cl, mmol/L 99.80 99.60 89.30 96.00—108.00
Cortisol (08:00), pg/mL 75.00 70.26 49.85 72.60-322.80
ACTH (08:00), pg/mL 7.45 5.77 3.68 6.00—40.00
HLA typing by whole-exome sequencing DQAI

DQBI

BMI, body mass index; HCO;3, bicarbonate ion; GADA, glutamic acid decarboxylase antibody; ICA, insular cell antibody;
IAA, insulin autoantibody; TSH, thyroid-stimulating hormone; FT3, free triiodothyronine; FT4, free thyroxine; TPO Ab,
thyroperoxidase antibody; TG Ab, thyroglobulin antibody; ACTH, adrenocorticotropic hormone; HLA, human leukocyte

antigen.

Committee of The First Affiliated Hospital
of Kunming Medical University. The
reporting of this study conforms to the
CARE guidelines.’

Discussion

Although neither patient described in this
report had advanced diabetes, chronic dis-
eases, or autoimmune diseases, they abrupt-
ly developed manifestations of TIDM after
several months of treatment with PD-I1
inhibitors. The cause of the diabetes was
presumed to be an immune-related mecha-
nism that was provoked Dby the

immunotherapy. The first patient presented
with fulminant T1DM, whereas the second
patient presented with a clinical condition
similar to latent autoimmune diabetes in
adults.

The precise pathogenesis of TIDM
induced by PD-1 inhibitors remains
unclear. PD-1 is considered an immune
checkpoint receptor that serves to restrict
immune responses against self-tissues and
tumor cells.* It mainly inhibits T-cell recep-
tor—dependent T-cell activation to suppress
T-cell proliferation, cytokine production,
and cytotoxicity.” Moreover, research has
shown that PD-1 can induce anergy and
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exhaustion of T cells and guide the differ-
entiation of regulatory T cells.®” Therefore,
PD-1 inhibitors are assumed to activate T
cells to attack tumor cells but to also
destroy self-tissues. One study showed that
CD8" T cells play a pathogenic role in the
rapid onset of TIDM. About 30% of islet-
infiltrating CD8" T cells in pre-diabetic
nonobese diabetic mice expressed PD-1,
indicating that these PD-1" CD8" T cells
were under the control of PD-1. After
using PD-1/PD-L1  inhibitors, islet-
infiltrating CD8™" T cells were rapidly acti-
vated to start proliferation. These CD8"
T cells were beyond the control of PD-1
and likely destroyed islet B cells.” Another
study showed that pancreatic islets
expressed PD-L1 at low levels in mice and
humans, whereas PD-L1 was dramatically
upregulated in inflamed islets.® Therefore,
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an inability to upregulate PD-1 and effi-
ciently use the PD-1/PD-L1 pathway may
be related to the development of TIDM
induced by PD-1 inhibitors.” Affected
patients usually follow a fulminant course
and develop diabetic ketoacidosis.'®
Another possible mechanism of fulminant
TIDM after using anti-PD-1 antibodies
involves induction of PD-1 signal blocking,
as proposed by Hosokawa et al.!' The neg-
ative immune regulation is thought to con-
sequently activate T cells to attack not
only malignant cells but also islet B cells
(Figure 1).

In clinical practice, we should be alert to
clinical signs and symptoms of hyperglyce-
mia. Specific screening strategies are needed
to evaluate the risk of ICI-induced diabetes.
We advocate for screening of the baseline
blood glucose and hemoglobin Alc levels,
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Possible mechanism underlying how PD-1 inhibitors lead to type | diabetes mellitus. PD-1

inhibitors target the PD-| on the surface of T cells and block their interactions with PD-L|. The negative
immune regulation of T cells is broken. Large numbers of proliferating T cells exert antitumor effects by
attacking tumor cells. Similarly, in the presence of susceptibility factors such as human leukocyte antigen, islet
p cells are attacked by T cells, and type | diabetes mellitus develops.

PD-1, programmed cell death-I; PD-LI, programmed cell death ligand-1; TCR, T-cell receptor; MHC, major
histocompatibility complex; MANA, mutation-associated neoantigen.
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and islet B-cell autoantibodies and human
leukocyte antigen (HLA) genes may pro-
vide additional information in select cases.
In patients with pre-existing type 2 diabetes,
the worsening of glycemic control after
immunotherapy indicates that pancreatic
islets have been further destroyed by ICI
treatment. In patients with normal baseline
glycemia, ICI-induced diabetes should be
diagnosed and treated if the glucose con-
centration increases. However, the screen-
ing of islet B-cell autoantibodies and HLA
genes should be studied in more detail
before definitive conclusions are drawn.
Anti-GADA positivity before the beginning
of immunotherapy may be a risk factor for
diabetes. Conversely, in patients with anti-
GADA negativity, the emergence of anti-
GADA after immunotherapy may be the
consequence of B-cell necrosis. Massive
B-cell destruction could result in rapid
release of intracellular GAD with the con-
sequent development of anti-GADA.'?

In Case 1 of the present report, the
patient was found to be negative for
GADA after 3 years. We speculate that
this may have been a result of the cessation
of B-cell necrosis and stabilization of the
TIDM. With respect to HLA genes,
a recent literature review indicated that
14 of 21 patients with ICI-induced diabetes
had high TIDM-risk HLA genotypes."?
Another study showed that PD-1 inhibitors
induced diabetes that was homozygous for
the high-risk HLA-DR3/DQ2 (DRB*0301,
DQA*0501, DQB*0201) haplotype.'*
Other researchers have found differences
between populations and HLA genotypes:
the DR3-DQ2 and DR4-DQS haplotypes
are the main risk factors for TIDM, where-
as the DR4-DQ4 and DR9-DQ9 haplo-
types are associated with fulminant
diabetes in Asians.® However, both of our
patients had the haplotype HLA-DQATL/
DQBI. Although such analyses could pro-
vide additional information for clinicians,
they are not likely to be cost-effective

given the relative rarity (1%-2% of PD-1/
PD-L1 blockade-treated patients) and neg-
ativity of anti-GADA in about 50% of
patients.>'> Therefore, further research is
essential to identify relevant risk factors in
the development of PD-1 inhibitor-induced
autoimmune diabetes.

In the present study, we also observed
that the first patient developed autoimmune
thyroiditis and subclinical hypothyroidism
after developing TIDM. This may have
been a type of destructive thyroiditis with
release of thyroid antigen and consequent
secondary antibody production and hypo-
thyroidism.'® We suspect that the second
patient had pituitary dysfunction because
of the low ACTH value. A hypoglycemia
test was not performed because of this
patient’s asthenia. Research has shown
that insulitis, thyroid disorders, hypophysi-
tis, and adrenalitis may occur after treat-
ment with high doses of ICIs, eventually
resulting in TIDM, hyperthyroidism or
hypothyroidism,  hypopituitarism, and
adrenocortical hypofunction.!” We advise
physicians to pay more attention to this
situation.

In conclusion, it is important for clini-
cians to be aware of the endocrine-related
adverse events of ICIs and screen the func-
tions of related endocrine glands in patients
who are using ICIs. This will help to iden-
tify hypoendocrinism early, allowing the
patient to be supplemented with necessary
hormones in a timely manner and avoiding
some life-threatening complications. At
the same time, strengthening cooperation
between endocrinologists and oncologists
can bring benefits to patients. However, it
is important to appraise the advantages and
disadvantages of ICIs before initiating ther-
apy with them.

Note: The patient in Case 1 said that
although nivolumab cured her nasopharyn-
geal carcinoma, it caused her to develop
brittle TIDM and required multiple daily
insulin injections. However, her daily life
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was not affected. She thanked nivolumab
for saving her life. She hoped that clinicians
will pay more attention to the endocrine
side effects of PD-1 inhibitors.
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