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Abstract

As the introduction of immune checkpoint inhibitors in the treatment of various cancers is
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now proven to be already acquired knowledge, so does a new challenge arise for clinicians;
the understanding, diagnosis, and management of the rarest adverse effects of immunotherapy.
We present a case of type-1 diabetes Mellitus (T1DM) in a patient with non-small cell lung
carcinoma (NSCLC) treated with pembrolizumab. Following ten cycles of treatment, our patient
was diagnosed with T1DM after being admitted for diabetic ketoacidosis and stayed hospitalized
in the ICU. Later, they continued treatment with insulin, having shown disease response to
pembrolizumab, and resumed immunotherapy while on insulin. Immunotherapy-induced T1DM
can sometimes occur with PD1/PD-L1 blockage therapies. It has a rapid onset, is characterized
by insulin deficiency due to the autoimmune destruction of beta-cells, and usually presents
itself with diabetic ketoacidosis. Unlike most of the other adverse effects of immunotherapy,
glucocorticoids don’t seem to be of therapeutic value, and insulin substitution is required. Regular

glucose monitoring can be key to early diagnosis and prevention of hospitalization.

Introduction

Nearly 10 years since the approval of the first programmed
death receptor 1/programmed death ligand-1 (PD-1/PD-
L1) blocking agents (Table 1), they now have become a
standard of care and incorporated into clinical practice in the
management of many cancers (melanoma, lung cancer, head
and neck cancers, bladder cancers, etc.).

PD-1 is a transmembrane checkpoint protein located on
the surface of T-cells and other leukocytes, functioning as a
“break”, regulating their activation and reducing unwanted
damage to healthy tissues. When binding to its ligand, PD-
L1 - expressed by cancer cells - serves as a tumor’s survival
measure, suppressing T-cell mediated cytotoxicity by turning
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‘Table 1: Overview of Major FDA-Approved PD-1/PD-L1 Inhibitors. ‘

Drug name Ll decl Target Al Cancers
name VCE
melanoma, NSCLC,
. . mesothelioma, renal, head and
Nivolumab Opdivo PD-1 2014 .
neck, hepatocellular, urothelial,
esophageal, gastric
Pembrolizumab  Keytruda | PD-1 2014 | Melanoma Nri’r?a"lc urothelal,
Atezolizumab = Tecentriq | PD-L1 2016 | SCLChepatocellular, NSCLC,
urothelial
Avelumab Bavencio | PD-L1 2017 urothelial, renal, Merkel-cell
Durvalumab Imfinzi PD-L1 2017 urothelial, NSCLC, biliary
Cemiplimab Libtayo PD-1 2018 skin, NSCLC
Dostarlimab Jemperli PD-1 2021 endometrial
Retifanlimab Zynyz PD-1 2023 Merkel-cell
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them into regulatory T-cells or increasing apoptosis. PD-1/
PD-L1 inhibition enhances T-cell proliferation, activation, and
survival, leading to tumor cell destruction [1-3] (Figure 1).
This general immunologic enhancement seems to be the
cause of immune-related adverse effects (irAEs), in this case,
inflammation and destruction of pancreatic beta-cells located
on the islets of Langerhans.

Case presentation

A 45-year-old male with no comorbidities and a smoking
history (60 pack years), sought medical attention because of
lower respiratory tract symptoms and fever. His chest X-ray
showed a tumor on the right upper lobe of the lung. Further
imaging with computed tomography of the chest/abdomen,
brain MRI, and PET-CT revealed findings of metastatic
disease, consisting of a tumor on the right upper lung, multiple
secondary nodular lesions on both lungs, a secondary lesion
on the left adrenal gland and peritoneal carcinomatosis. A CT-
guided biopsy of the tumor confirmed the diagnosis of a NOS,
non-small-cell lung carcinoma (NSCLC), with a high PDL-1
score (TPS: 60%). Due to the high expression of PDL-1, mono-
therapy with pembrolizumab was initiated.

His lab results, following induction to immunotherapy,
were within normal ranges, with a fasting serum glucose level
range of 68-123 mg/dl. After 6 months of systemic therapy and
after being submitted to the tenth infusion of pembrolizumab,
our patient had to be urgently admitted to the emergency
room in a comatose state, Glasgow scale 8/15 and systolic
blood pressure 65/42 mmHg. Lab tests showed acute kidney
injury (urea = 121 mg/d], creatinine = 1.97 mg/dl), metabolic
acidosis (pH = 6.7, bicarbonate levels = 12 mEq/L, pCO, =
21 mmHg), serum glucose at 693 mg/dl and HbA1c value at
6.1%. He was diagnosed with diabetic ketoacidosis and was
transferred to the Invasive Care Unit (ICU). The patient’s
regimen included intravenous fluid replacement, intravenous
short-acting insulin, and potassium replenishment and needed
non-invasive ventilation. The patient was then discharged

PD-L1 binds to PD-1 and inhibits
T-cell killing of tumor cell

Blocking PD-L1 or PD-1 allows
T-cell killing of tumor cell

Figure 1: PD-L1/PD-1 Blockade Enhances T-Cell-Mediated Tumor Cell Killing.
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Figure 2: A) Before immunotherapy: Suspicious finding in the right upper lobe
of the lung, multiple bilateral lung nodules present, suspicious finding in the
left adrenal gland; possible secondary lesion, implantations in the sub-renal
spaces bilaterally. B) 12 months on immunotherapy (upper) and 18 months on

immunotherapy (lower): Reduced dimensions of the right upper lobe lesion of the
lung and reduced dimensions of the bilateral lung nodules, left secondary lesion,
and peritoneal implantations - which no longer indicate metabolic activity. Imaging
findings of inflammation in the parotid glands bilaterally - possible epithelioid as a
result of immunotherapy (lower).

after 30 days with an HbA1c value of 6.2%. An immunologic
blood test for auto-immune diabetes turned out negative
(anti-GAD, anti-insulin antibodies).

His next follow-up with PET-CT showed a complete
metabolic response to pembrolizumab and the continuation
of immunotherapy was decided, under endocrinologic
consultation and insulin substitution with a basal-bolus
insulin regimen, while his HbAlc values varied from 7.2% -
8% Figure 2.

Discussion

At first, immunotherapy-induced T1DM was considered to
be arare occurrence, based on clinical trials. Ina study in 2012,
only one out of the 207 patients receiving immunotherapy
checkpoint inhibitors (ICI) (0.48%) was presented with T1IDM
[4]. In another study with 7.551 patients from 38 clinical trials,
0.2% of the patients had developed insulin deficiency [5]. But
in reality, the percentage of immunotherapy-induced DM1
is higher, as it seems in a study with 538 patients receiving
anti-PD1 immunotherapy for melanoma (2015-2018), where
a percentage of 1.9% appeared to have ICI-induced T1DM [6].
In another study with 1444 patients receiving ICI treatment,
12 (0.8%) developed insulin-deficient diabetes. A case series,
reviewed over a 6-year period at two academic institutions,
showed that 27 patients who developed T1DM, accounting for
0.9% of all these patients, received either anti-PD-1 or anti-
PD-L1 antibodies treatment [7].

Up until 2020, a total of 103 patients developed ICI-
induced T1DM. The age range was between 28 and 87 years
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old. 58 patients were male and 31 female. For the remaining
14 patients, information about their gender was not available.
93% were treated with anti-PD1 and the rest with anti-PD-L1
agents [8]. The duration from ICI to hyperglycemia ranged
from 5 days to 23 months (1-27 cycles of ICI). Due to the rapid
pancreatic beta-cell destruction, patients develop rapidly
type-1 diabetes and are primarily diagnosed because of DKA
(62.1%) and are in need of hospitalization for ketoacidosis
management [9]. Immunotherapy-induced DM1’s most
common symptoms are the 3 P’s; polydipsia, polyphagia, and
polyurea. Weakness, irritability, palpitation, heat intolerance,
fruity breath smell, and blurred vision are typical symptoms,
too.

Laboratory findings in T1DM could be the elevation of
glucose (fasting glucose > 126 mg/dl), HbAlc (> 6.5%),
and high serum amylase levels (as a result of pancreatic
inflammation). C-peptide levels are low at first but, quickly,
it almost reduces to zero due to the inability of the pancreas
to produce insulin. 32.9% of the patients were found to have
positive auto-antibodies associated with T1DM (islet-related
antibodies, anti-ICA, anti-1A, anti-GAD). In the literature, there
has been a correlation between immunotherapy-induced
T1DM and certain HLA types [10], meaning, possibly, that
patients with genetic predisposition to T1D are more likely
to get diabetes from immunotherapy, in contrast with the
general population.

There are different aspects between immune checkpoint
inhibitor (ICI) induced T1DM and non-ICI T1DM. Firstly,
the average age of diagnosis is higher in ICI-induced T1DM,
probably due to the age of cancer diagnosis. Secondly, in ICI-
induced T1DM, pancreatic beta-cells are destroyed rapidly, so,
insulin deficiency is more instantaneous. Also, the percentage
of patients with positive auto-antibodies in ICI-induced T1DM
is lower. Lastly, 60% of ICI-induced T1DM tested positive for
HLA DR4 haplotypes, but in typical T1DM the percentage is
much higher.

Contrary to other immune-related adverse effects (irAEs)
such as hypophysitis, pneumonitis, colitis, rash, pruritus,
hepatitis, and neurotoxicity, ICl-induced T1DM can’t be
treated with high doses of corticosteroids (prednisolone) or
immunosuppressive agents [10]. The reason isn’t clear but
probably because of the already irreversible destruction of
beta-pancreatic cells and the hyperglycemia following the
administration of corticosteroids. Insulin is the only treatment
for ICl-induced DM1, through a basal-bolus therapeutic
regimen [11,12].

Conclusion

ICl-induced T1DM is a rare but severe adverse effect
of immunotherapy. Percentages are probably expected to
increase as immunotherapy use spreads in various cancer
treatments. Given the rapid onset of ICl-induced T1DM and
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the high percentage of DKA, early diagnosis and treatment
are critical to decrease mortality and improve prognosis.
Therefore, physicians should be aware of impaired glucose
levels; plasma glucose testing and HbAlc testing are
recommended before and at each administration of anti-
PD-1 or anti-PD-L1 therapy. Patients should be educated
about the symptoms of hyperglycemia and ketoacidosis to
raise awareness. If there is clinical suspicion of ICI-induced
T1DM, HLA type, C-peptide and T1DM-associated antibodies
should be tested to confirm the diagnosis. Importantly, insulin
therapy should be initiated in time. Insulin treatment should
be continued at home with frequent glucose testing under
endocrinologic monitoring.
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