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Abstract

Background: Atezolizumab, an immune checkpoint inhibitor, is a humanized monoclonal, anti-programmed death
ligand 1 (PD-L1) antibody used for the treatment of metastatic urothelial carcinoma that has progressed after chemo-
therapy.

Case Presentation: We describe a patient with a known history of urothelial carcinoma who presented with dia-
betic ketoacidosis 6 weeks following his second cycle of atezolizumab. His serum lactate level was slightly elevated
(2 mM) and his B-hydroxybutyrate level was elevated (3.9 mM). High anion gap metabolic acidosis secondary to dia-
betic ketoacidosis was diagnosed. Subsequent testing demonstrated hemoglobin A level of 9.9%, positivity for anti-
glutamic acid decarboxylase antibody (0.03 nM, reference range <0.02 nM), and suppressed C-peptide level (0.1 pg/L,
reference range 0.9-7.1 ng/L) in the absence of detectable anti-islet antigen 2 (IA-2) or anti-insulin antibodies.
His initial management included cessation of atezolizumab treatment, intravenous sodium chloride administration,
and insulin pump infusion, after which metabolic acidosis gradually resolved. The insulin pump was subsequently
switched to Protaphane at 18 units before breakfast and 8 units before dinner, together with metformin at 1000 mg
twice daily. Four weeks later his medication was changed to human isophane insulin plus neutral insulin (70%/30%;
Mixtard 30 HM; 26 units/4 units). Linagliptin at 5 mg was added 1 month later. His hemoglobin A level declined to
8.1% 1 year later.

Conclusions: PD-L1 inhibitors can induce type 1 diabetes, and patients can present with diabetic ketoacidosis. Blood
glucose levels should be regularly monitored in patients who are prescribed these medications.
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Atezolizumab, an immune checkpoint inhibitor, is
a humanized monoclonal, anti-programmed death
ligand 1 (PD-L1) antibody used for the treatment of
metastatic urothelial carcinoma that has progressed
after chemotherapy [1]. It was the first agent approved
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by the US Food and Drug Administration as second-
line treatment for advanced urothelial carcinoma [2].
Although immune checkpoint inhibitors are gener-
ally well tolerated compared with traditional chem-
otherapy, they can produce immune-related toxic
effects [3]. PD-L1 inhibitors are recognized to cause
thyroid problems but are now known to induce auto-
immune diabetes. In this report, we describe a patient
with a known history of urothelial carcinoma who
presented with diabetic ketoacidosis 6 weeks follow-
ing his second cycle of atezolizumab.

Case Presentation

A 75-year old man presented to the emergency
department of our hospital with polydipsia, polyu-
ria, nausea, vomiting, and reduced appetite asso-
ciated with generalized malaise. He also reported
increasing dyspnea and a productive cough. On
inspection, the patient was dehydrated and showed
signs of Kussmaul breathing. Physical examination
revealed increased sputum sounds and crepitations
on the lower chest bilaterally. His abdomen was soft
and nontender.

The arterial blood gas and blood test results on
admission are shown in Tables 1 and 2, respectively.
Of note, his capillary glucose level was more than
27.8 mM (500.4 mg/dL). His fasting glucose level
was 4.5 mM (81.0 mg/dL) 3 months before admis-
sion, and his random glucose level was 5.4 mM
(97.2 mg/dL) 2 months before admission. Serum
biochemistry showed hyponatremia (120 mM) and
hyperkalemia (6.8 mM). His liver enzyme levels
were normal but urea and creatinine levels were
raised (6.8 and 14.2 mM, respectively). His arterial

Table 1 Arterial Blood Gas Parameters at Presentation.

Test (reference range) Value on
admission

pH (7.35-7.45) 7.03

Pco, (4.7-6.4 kPa) 3.0 kPa

Po, (11.0-14.4 kPa) 8.6 kPa

Bicarbonate (18-23 mM) 8.6 mM

Base excess (-2 to +2 mM) —-24 mM

O, saturation (94-98%) 82%
Chloride (102-114 mM) 88 mM
Lactate (<1.3 mM) 2.0 mM

Table 2 Laboratory Test Results at Presentation.

Test (reference range)

Value on admission

Hemoglobin (13.2-17.2 g/dL) 14.1 g/dL.
Mean cell volume (83.0-98.0 L) 93.9 fL.
White blood cell count 10.4 x 10°/L
((4.0-9.7) x 10°/L)

Platelet count 380 x 10°/L
((150-384) x 10°/L)

Hemoglobin A, (<6.5%) 9.9%
Serum osmolality 316 mOsm/kg
(275-295 mOsm/kg)

Serum lactate (<2.2 mM) 1.8 mM
Sodium (137-144 mM) 120 mM
Potassium (3.5-5.0 mM) 6.8 mM
Urea (3.1-7.8 mM) 14.2 mM
Creatinine (65-109 uM) 143 uM
Total protein (66—80 g/L) 81 g/
Albumin (35-52 g/L) 36 g/L
Total bilirubin (<19 uM) 7uM
Alkaline phosphatase 136 IU/L
(43-105 TU/L)

Alanine aminotransferase 20 IU/L
(<53 TU/L)

Creatine phosphokinase 52 U/L
(39-308 U/L)

B-Hydroxybutyrate (<0.6 mM) 3.9mM
Thyroid-stimulating hormone 1.59 mIU/L
(0.27-4.2 mIU/L)

Cardiac troponin (<14 ng/L) 18.6 ng/LL

Sputum culture Mucopurulent, large
number of white
blood cells seen,
heavy growth of oral

commensals identified

blood gas test results showed a severe metabolic aci-
dosis. The uncorrected anion gap was 30 mM, but
after correction for albumin (23 g/L) a significantly
elevated anion gap of 34 mM was revealed. His
serum lactate level was slightly elevated (2 mM) and
his B-hydroxybutyrate level was elevated (3.9 mM).
High anion gap metabolic acidosis secondary to dia-
betic ketoacidosis was diagnosed. Subsequent test-
ing demonstrated hemoglobin A, (HbA ) level of
9.9%, positivity for anti-glutamic acid decarboxy-
lase antibody (0.03 nM, reference range <0.02 nM),
and suppressed C-peptide level (0.1 pg/L, reference
range 0.9-7.1 pg/L) in the absence of detectable
anti-islet antigen 2 (IA-2) or anti-insulin antibodies.
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His initial management included cessation of
atezolizumab treatment, intravenous sodium chlo-
ride administration, and insulin pump infusion,
after which metabolic acidosis gradually resolved.
Insulin pump was subsequently switched to
Protaphane at 18 units before breakfast and 8 units
before dinner, together with metformin at 1000 mg
twice daily. Four weeks later his medication was
changed to human isophane insulin plus neutral
insulin (70%/30%; Mixtard 30 HM; 26 units/4
units). Linagliptin at 5 mg was added 1 month later.
His HbA _level declined to 8.1% 1 year later.

Discussion

Programmed cell death 1 (PD-1) is a coreceptor
that is expressed predominantly by T cells in many
cancers [4]. It interacts with PD-L1 and PD-L2 of
antigen-presenting cells and tumor cells. Normally,
binding of PD-1 to its effectors inhibit T cells and
prevents immune activation. Blocking this binding
leads to activation of cytotoxic T cells, thereby trig-
gering an immune response to target tumor cells.
Anti-PD-1 or anti-PD-L1 monoclonal antibodies
have been increasingly used to treat different can-
cers, including urothelial cancers [5]. To date, 33
cases of diabetes have been reported as a result of
anti-PD-1 or anti-PD-L1 antibody treatment [6—-26].
Of these, only four cases were due to PD-L1 inhibi-
tor treatment. The first case concerned a 70-year
old man with adenocarcinoma of the lung without
a history of diabetes who presented with hypergly-
cemia 15 weeks after treatment with an anti-PDL-1
antibody (the name of the drug was not reported)
[13]. The second case concerned a 57-year old man
with recurrent metastatic urothelial cancer who pre-
sented with incomplete diabetic ketoacidosis before
his sixth cycle of the anti-PD-L1 antibody atezoli-
zumab [18]. The third case involved a 63-year old
woman with a history of hypothyroidism and iron-
deficiency anemia with reactive thrombocytosis and
leukocytosis who initially presented with hematu-
ria and who subsequently underwent transurethral
removal of a bladder tumor and was treated with
atezolizumab but developed diabetic ketoacidosis
after 6 weeks [25]. The fourth case concerned an
84-year-old woman with metastatic squamous cell
carcinoma of the nasopharynx and no history of

diabetes who was given the anti-PD-L1 antibody
durvalumab and developed diabetic ketoacidosis
4 months later [26]. Here we report, to the best
of our knowledge, the first case in an Asian male
patient and the fifth case published thus far showing
that atezolizumab can precipitate diabetic ketoaci-
dosis. Our patient had a history of transitional cell
carcinoma of the renal pelvis and presented with
full diabetic ketoacidosis 6 weeks after his second
cycle of atezolizumab. His C-peptide level was low,
consistent with type 1 diabetes mellitus.

Of the previous 33 cases, 31 patients under-
went autoantibody testing, of whom 18 showed
positive results. Our patient was positive for anti-
glutamic acid decarboxylase antibody, albeit only
at a low level of 0.03 nM (reference range <0.02
nM). Previously, it was noted that the time between
initiation of PD-1/PD-L1 inhibitor treatment and
the onset of autoimmune diabetes was related to
anti-glutamic acid decarboxylase antibody status
[19]. Gauci et al. [19] calculated that the duration
was shorter, with a median of 3 weeks, for posi-
tive status but was 12—13 weeks for negative status.
These observations are in agreement with those of
our patient, who had positive but low levels of anti-
glutamic acid decarboxylase antibody, presenting
6 weeks after treatment. Although the use of PD-1
and PD-L1 inhibitors is mostly associated with
type 1 diabetes, it can also worsen glucose control
in those patients with established type 2 diabetes
[27]. Moreover, it has been suggested that PD-1 and
PD-L1 inhibitors may also predispose to type 2 dia-
betes [28].

The mechanisms underlying precipitation of dia-
betes mellitus by PD-1 or PD-L1 inhibitors remain
incompletely understood. Type 1 diabetes melli-
tus involves autoimmune-mediated damage of the
pancreas by the body’s own immune system [29].
This can be triggered by different antigens, leading
to reduced central or peripheral tolerance [30], and
thus activation of the T lymphocytes. T lympho-
cytes can then infiltrate into the pancreatic islets and
mediate destruction of the pancreatic [ cells, lead-
ing to uncontrolled hyperglycemia. It is well estab-
lished that coinhibitory PD-1/PD-L1 interactions
provide the molecular signals that regulate auto-
reactive T-lymphocyte responses [31]. Indeed, the
interaction between PD-1 expressed on autoreactive
T cells and PD-L1 expressed on pancreatic islet cells
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leads to the development of tolerance. By contrast,
when either protein is inhibited, autoreactive T cells
are relieved from inhibition and can induce cell
death of the islet cells, leading to the development
of autoimmune diabetes. Significantly, the available
evidence suggests that even after discontinuation
of immunotherapy, insulin therapy was required,
which would indicate that the diabetes is irrevers-
ible [24]. In our case, the patient required long-term
insulin therapy with adjunct hypoglycemic agents,
which led to a decline of HbA level from 9.9%
to 8.1% 1 year later. These findings are in keeping
with the notion of irreversible pancreatic damage.
The use of experimental animal models has pro-
vided some insights into possible mechanistic path-
ways. Thus, Pdcdl™ mice, which are deficient in
PD-1, demonstrate an accelerated onset and fre-
quency of type 1 diabetes [32]. These findings are
consistent with the notion that PD-1/PD-L1 interac-
tions are important for the regulation of autoreactive
T-lymphocyte responses by mediating peripheral
tolerance [33], which suppresses diabetes. Indeed,
clinical studies have reported the association
between PD-L1 gene haplotype [34], its polymor-
phisms, and low serum PD-L1 levels [35] and type
1 diabetes. Together these findings demonstrate the
importance of PD-1/PD-L1 pathways in pancreatic
cell function and that treatment modalities targeting
these proteins can exert adverse effects on glucose
control, thereby precipitating or inducing diabetes.
Thus, activating the PD-1 pathway may help to
induce immune tolerance and prevent type 1 dia-
betes but increase the risk of cancer or metastasis.
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