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Context: Pembrolizumab (Keytruda) is a humanizé&adignonoclonal antibody used in
cancer immunotherapy. It targets the programmedieath-1 (PD-1) receptor which is
important in maintaining self-tolerance. Howevemmune checkpoint blockade is associated
with a risk for immune-related adverse events (rfBtentially affecting the endocrine
organs. Type 1 diabetes mellitus is a rare irAPD#f1 inhibitors, occurring in 0.2% of cases.
Evidence Acquisition: Systematic search of 4 dagabgMedline, Embase, Web of Science
and Cochrane Library) using the search terms “desier “ketoacidosis” and
“pembrolizumab”, “nivolumab”, “PD-1 inhibitor” oritnmunotherapy. Included were articles
published in English between January 1, 2012 andalg 1, 2018. The search was
supplemented by bibliographic searches of the cetapkference lists of all included papers.
Evidence synthesis: We provide an overview of ablighed cases (n=42) of programmed
cell death-1 (PD-1) inhibitor induced type 1 diasemellitus to date, including a well-
characterized novel case of islet cell antibodyA)l@nd glutamic acid decarboxylase
antibody (GADA) positive diabetes mellitus, in dipat with a diabetes prone HLA
genotype. She presented with diabetic ketoacidBd{#\) during pembrolizumab therapy for
a metastatic uveal melanoma. Furthermore, we dgootential pathogenic mechanisms,
clinical presentation, prognostic markers (betd-amtibodies, HLA type), a treatment and a
screening protocol.

Conclusions: Since the use of immunotherapy wdtéase, it is essential that all clinicians
are aware of diabetic ketoacidosis as a rare &whiieatening side effect of immunotherapy.
Blood glucose monitoring during anti-PD-1 therapyecessary.

We reviewed the literature about programmed cell death-1 (PD-1) inhibitor induced type 1 diabetes
mellitus. Fasting or random plasma glucose and HbAlc levels should be tested at each
administration.

I ntroduction

Cancer immunotherapy is a successful and fast gpfield. Pembrolizumab (Keytruda) and
nivolumab (Opdivo) are two 1IgG4 monoclonal antitesdiargeting the programmed cell
death-1 (PD-1) receptor (1-4). This receptor isongnt in maintaining self-tolerance and is
therapeutically targeted by immune checkpoint iitimg monoclonal antibodies (mAb) to
enhance antitumor immune responses. They havedpgeaved for malignant melanoma
and several other cancer types, including non-soedlllung cancer, squamous cell
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carcinoma of the head and neck, classical Hodgkimphoma, advanced urothelial
carcinoma, advanced gastric cancer and microgateiBtability high or mismatch repair
deficient solid tumors.

Because of the widespread use of immunotherapyacemncer types and even more
cancer types being studied, the use of immunotlesagtill expected to increase in the
following years. However, immunotherapy is knownite immune related adverse events
(irAEs). Known side effects are pneumonitis, cejitiepatitis, dermatitis, nephritis,
pancreatitis, vitiligo, rash, pruritus and endoogathies including thyroiditis
(Pembrolizumab: 0.6% (2), Nivolumab: 8.6% (5)), biyroidism (Pembrolizumab: 7.9%,
Nivolumab: 6.5%(6)), hyperthyroidism (Pembrolizuma8%, Nivolumab: 2.5%(6)),
hypophysitis (Pembrolizumab: 0.6% (2), Nivolumal§i% (7)) and diabetes mellitus (1).
Even though only few patients develop iIrAEs, these be life threatening and demand
immediate recognition and therapy. Autoimmune diabenellitus and the associated
diabetic ketoacidosis (DKA) are examples of raf&s (Pembrolizumab: 0.2% (2),
Nivolumab monotherapy: 0.9% (7)).

Here, we provide an overview of all published cgse<l2) of programmed cell death-1
(PD-1) inhibitor induced type 1 diabetes mellitugjuding a new case that presented with
diabetic ketoacidosis (DKA) during pembrolizumabrtpy for a metastatic uveal melanoma.
Furthermore, we discuss potential pathogenic meshem clinical presentation, prognostic
markers (beta-cell antibodies, HLA type), treatmeamd a screening protocol.

Association between PD-1 and diabetes

I mmunotherapy

Type 1 diabetes mellitus is a rare irAE of PD-liltiors. PD-1 is a receptor expressed on T
cells that can be activated by two ligands; PDBI-H1 or CD274) and PD-L2 (B7-DC or
CD273). PD-1 is not only expressed on T cells tad an other hematopoietic cells (B cells,
dendritic cells, macrophages,...) as well as vas@ndothelial cells and most importantly;
pancreatic islet cells (8). When PD-1 binds to PD-&n inhibitory signal is generated that
regulates T-cell activation, tolerance, and cyta@ctivity. This binding suppresses the
immune system and can induce apoptosis of T cells.

Tumors try to evade the human immune system byldewveg an immunosuppressive
tumor microenvironment and the activation of intoby pathways that suppress a tumor-
specific T cell response. One of these inhibitaghprays is the PD-1-PD-L1 pathway (9).
Certain tumors express PD-L1 and hereby evade iremesponse. Based on this
mechanism, anti-PD-1 and anti-PD-L1 checkpointbitbrs have been developed. These
molecules block the PD-1 pathway and thereby reskecell function and anti-tumor
immune response (3,4). However, when the PD1-patlsvialocked, not only T cells
targeting cancer survive, but also autoreactivellE such as those targeting pancreatic islet
cells, causing type 1 diabetes.

PD-1 expression on activated and exhausted T cells

T-cell exhaustion is a state that can appear duoing term antigen exposure such as in
chronic infections or cancer. When CD8 positiveelifail to eliminate infections or
tumors, chronic antigen stimulation leads to tleglmaustion. This state is characterized by T-
cell dysfunction; loss of proliferative capacitynpaired cytokine production, and effector
function (8,10). Complex mechanisms are involvethia T-cell dysfunction but PD-1 plays
an important role in T-cell exhaustion. It has bekawn that exhausted T cells upregulate
inhibitory receptors: including PD-1, CTLA-4, Tim-BAG-3, etc. (8,10). However, T cells
that upregulate inhibitory receptors are not alwexfsausted or dysfunctional. Inhibitory
receptors are also transiently upregulated upoellTactivation (8). Blockade of the PD-1
pathway (by anti- programmed death 1 (PD-1) monwlantibodies (mAbs) like nivolumab
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and pembrolizumab) can reinvigorate these exhadstadls, resulting in better control of
cancer (4,10).

Responder s and non-respondersto PD-1 therapy
Several biomarkers for response to anti-PD-L1 {eteve been studied including PD-L1
expression and the presence of tumor infiltratymydhocytes (TILS).

First, high PD-L1 expression in tumors has been@ated with higher response rates,
especially when PD-L1 was expressed by tumor-rafithg immune cells (11). However not
all studies found this positive correlation. SeVéaators can explain these discrepant
findings among studies, including heterogeneitingf- and intertumor (primary vs
metastatic) PD-L1 expression; location of signatigmbrane, intracellular, stromal); changes
in expression between biopsy and treatment; difies in detection methods, including
discordance between antibodies and staining conditiand different cutoffs used to assess
positivity (9,11).

Second, markers of preexisting immunity such asotunflammation and presence of
TILs have also been associated with higher respeaiss. (9,10)

Association between PD-1 and diabetes

Type 1 diabetes mellitus is caused by destructionswlin producing beta cells by
autoreactive T-cells. Several mouse model studige Btudied the role of PD-1 in the
development of type 1 diabetes. PD-1 and PD-L1Kalde precipitate diabetes in prediabetic
non-obese diabetic (NOD) mice (12-14). Anti-PD-ligi might have the same effect, and
the reduction of PD-1 might activate autoreactiveells, resulting in an autoimmune
response against pancreatic islet cells (15,16).

Furthermore, recent evidence in humans demonstilagtgatients with type 1 diabetes
mellitus have a significant reduction in PD-1 exgsien in CD4(+) T cells compared to
healthy control subjects. This may indicate thatdoPD-1 expression in CD4(+) T-cells
might contribute to the development of type 1 diabéhrough T cell activation (17).

Based on the reviewed literature, we hypothesiaettie onset of diabetes is due to an
auto-reactive CD8+T cell clone that is activatecewipembrolizumab therapy is started and
the PD-1 pathway becomes blocked. The PD-L1 maodscod the pancreatic beta cells are
then unable to bind the PD-1 receptor on autoreadticells, because they are blocked by
pembrolizumab. Because of this disinhibition of sheoreactive T cells, the autoreactive T
cells can survive and destroy the beta cells @iure 1 provides an overview of the
mechanism of action of PD-1 immune checkpoint iftbis and the hypothesis of association
between PD-1 immune checkpoint inhibitors and debenellitus type 1.

Casereport

We present a 73-year-old woman with a history o¥@al melanoma of the right eye. She
underwent an enucleation of the eye in SeptemhbEs.Zollow up after surgery showed
good clinical result with no signs of metastatisegise on further imaginf§-FDG PET-
CT).

In March 2017 she presented with right-sided abdahpain due to new metastatic liver
disease. Subsequently a treatment with Keytrudaljpalizumab) was started. The patient
was treated in compliance with the principles @f Beclaration of Helsinki, the principles of
Good Clinical Practice (GDP), and of General Datatéttion Regulation (GDPR) and in
accordance with all applicable regulatory and Etf@ommittee requirementShe received 2
infusions of Pembrolizumab (2mg/kg q3w). Two weaksr the second infusion, she
presented with complaints of anorexia, vomitingygipsia and headache at the emergency
department. Diabetic ketoacidosis was diagnosexhall a glycaemia of 540 mg/dl and
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arterial blood gas values showed a pH of 7.10 a&myg w bicarbonate of 6.8 mmol/l.
Capillary B-hydroxybutyrate levels were 6.9 mmol/l. Lipasediewas 81 U/L (normal: 73 —
393 U/L). Autoimmune adrenalitis was ruled out byaamal 250 pug cosyntropin test result
(cortisol rising up to 292 ng/ml; normal respons&8® ng/ml). Due to the initial presentation
with vomiting and headache, hypopituitarism (du@ypophysitis which may occur in up to
1.5% of patients) also needed to be ruled out.pEttients had a normal pituitary function
(TSH 0.94 mU/l, FT4 16.2 pmol/l; prolactin 76.4 J¢7/SH 47.3 U/l). MRI of the pituitary
gland also revealed no abnormalities (no enhanceamen2-weighted images, no thickened
pituitary stalk).

After a 24 hour stay in the intensive care uningdreated according to our hospital
diabetic ketoacidosis protocol, the patient wasdfarred to the department of endocrinology
under a low dose of continuous 1V insulin. Furttesting revealed a hemoglobin A1C level
of 7.1% (54 mmol/mol) and c-peptide of 0.11 nmdldL3 ng/ml). This suggests sudden
deterioration in glycemic control, correspondinghe pathophysiologic mechanism of type 1
diabetes mellitus. Investigation pfcell autoantibodies showed positive islet celllzodies
(ICA) of 400 JDF units (normal <12) and an elevagadamic acid decarboxylase antibody
(GADA) of 27,881 WHO U/ml (normal <23). Insulinonaatigen-2 antibodies (IA2A), zinc
transporter 8 antibodies (ZnT8A) and insulin anties were negative. HLA typing revealed
DQA3-DQB3.2 / DQA3-DQB3.2 which is a susceptiblengy/pe.

A basal bolus multiple daily injection schedule vgéerted with good glycemic control.
After glycemic recuperation, a third session of pestizumab was given (without delay),
resulting in no new side effects. Follow-up durfagher pembrolizumab therapy showed
stable disease after 5 infusions.

Overview of reported cases

So far, to the best of our knowledge, 42 casesafunotherapy induced type 1 diabetes
mellitus have been reported, including the curoase report. Tables 1 and 2 summarize key
findings.

Presentation

Patients presented with variable symptoms, ranfgorg asymptomatic hyperglycemia,
polyuria and polydipsia to severe diabetic ketoasisl Diabetic ketoacidosis was the first
sign of diabetes in 30 out of 35 (85.7%) casesrtedawith sufficient information about
presentation. Two patients presented with ketonbuaano ketoacidosis.

Time from initiation of anti-PD1 therapy to diagmosf diabetes mellitus ranged from 1
week to 52 weeks and this corresponded to 1 tafLigions of immune checkpoint
inhibitors. The median time to development of tipéiabetes mellitus was 3 infusions or 6
weeks. Our patient developed DKA 2 weeks aftesteond infusion.

Auto-antibodies

Based on the 42 reported cases, there is no cé¢tarp of diabetes related autoantibodies.
Approximately half of the tested cases (22/39 @&6pbBad detectable diabetes related
autoantibodies. In those 22 cases, glutamic addrbexylase antibodies (GADA) were
positive in all subjects, tyrosine phosphataseanitbodies (IA2A) in 4/20, ICA in only 2
patients, and insulin autoantibodies and ZnT8 adiis in only one subject. Three other
cases have been reported, however, without antibtzdys.

This observation corresponds to the results oNG® mouse model of autoimmune
diabetes of Ansari et al. They observed no coiiteldietween insulin autoantibody levels
and development of autoimmune diabetes in NOD inezged with PD-1—- PD-L1 blockade.
Certain mice developed diabetes without antibodigdle others developed antibodies but
did not develop diabetes (12).
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Furthermore, it should be taken into account tivatle the presence of GADA and I1A2A
can aid in the diagnosis of type 1 diabetes, tmeyaly present in up to 85% of patients with
adult-onset type 1 diabetes (19). Moreover, GADA akso be positive in other autoimmune
endocrine disorders such as autoimmune thyroicades€20), and are therefore less specific
than ICAs. Our patient was positive for both GADAdACA.

Usui et al. suggest that the interval from thetsidtreatment with anti-PD-1/PD-L1
antibodies and the onset of type 1 diabetes melistuelated to the presence or absence of
GADA (21). Their hypothesis was that GADA-positipatients developed type 1 diabetes
mellitus earlier, in the first 2 months after thiarsof therapy, while GADA-negative patients
developed type 1 diabetes mellitus later, afterohtims of therapy (21). In line with the
observation of Usui et al., Gauci et al. found thatmedian interval from immunotherapy
initiation to diagnosis of diabetes was 3 week&ADA positive cases versus 12.5 weeks in
GADA negative cases (data from the 24 patients). @Rr case also supports the hypothesis
that the interval between the start of anti-PD-HEPDantibodies to the onset of autoimmune
diabetes might be related to the presence of GABaSed on the clinical data of the
reviewed literature, the median interval from imratirerapy initiation to diagnosis of
diabetes was 5 weeks in GADA positive cases veédsuseks in GADA negative cases (data
from 42 patients).

In certain cases, a seroconversion was withnesdl@t in other cases autoantibodies
were already present before the start of immunafhe(22,24). In our case, we cannot
comment on seroconversion because serum samplae Isgdrt of immunotherapy were not
available. In the case report published by Lowal.ethe patient exhibited an undetectable
GADA titer 1 month prior to start of treatment witbmbination ipilimumab/nivolumab. This
raised to 0.38 nmol/L (normal <0.02 nmol/L) at diagis of autoimmune diabetes. In
contrast, in a case report of Gauci et al., regospe investigations on serum of 3 months
before the start of nivolumab, already showed tiesgnce of autoantibodies but normal
insulin, C-peptide secretion and glycaemia (22nifairly, in the patient reported by Godwin
et al., diabetes related autoantibodies were ajrpegkent prior to anti-PD1 therapy (24).

HbAlc and C-peptide

Serum C-peptide was low or undetectable at diagrarsiluring follow-up in 30 of 32 tested
patients. HbAlc levels vary within the reportedesagrom6.4% to 10.7% (46-93
mmol/mol). The low or undetectable C-peptide corabiwith the moderately low HbAlc
levels probably indicate the fulminant onset obdigs with rapig-cell destruction and a
shorter duration of hyperglycemia. Similarly, inrqatient, there was a low C-peptide level
and HbAlc was moderately increased (7.1% or 54 rimud).

Other autoimmune diseases

Twelve out of 42 patients reported an autoimmundiated disease or reaction before,

during or after the immune checkpoint inhibitorrdqgy. This might suggest that patients
sensitive or predisposed to the development ofimmtoine disease are more prone to
develop irAEs after initiation of immune checkpoainhibitors, including autoimmune
diabetes mellitus. In addition, individuals witheoautoimmune disease are at higher risk of a
second autoimmune disorder (25,26). We suggestasang vigilance for such patients.
However, the decision whether or not to start imenaneckpoint inhibitor therapy in patients
with a preexisting autoimmune disease will probatay be affected because the significant
beneficial effects outweigh the disadvantagesAits.

Ten case reports mentioned thyroid disease (2ZZ82 In our patient thyroid function
was normal. Since our patient presented with voigieind headache, other known irAE of
anti-PD-1 therapy, such as hypophysitis and autaimeradrenalitis (Addison’s disease),
needed to be investigated and were ruled outtdreliure, two cases have been reported of
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patients who developed hypophysitis and autoimnai@eetes mellitus during immune
checkpoint inhibitor therapy (23,34). Addison’safise is known to occur in 0-8% of patients
treated with anti-PD1 or anti-PDL1 therapy (1). Hwer, this side effect was also not
present in the 42 reported cases. Recently, thiecfase of central diabetes insipidus was
reported (35).

Age of onset

In the 42 cases, the median age at diagnosis wasad8 (range 28-83). This late age onset is
atypical for type 1 diabetes mellitus, which isalbudiagnosed at an age < 40 years. It is
even late for late autoimmune diabetes of the dUADA). Based on the age of onset, these
patients with immune checkpoint inhibitor inducedletes mellitus might be easily
misclassified as having type 2 diabetes. HoweWerhigh incidence of ketoacidosis suggests
type 1 diabetes.

HLA types
Certain human leucocyte antigen (HLA) types preakgpto type 1 diabetes, including the
high risk genotype DQA3-DQB3.2/DQA4-DQB2 (DQA1*03@QB1*0302/ DQA1*0501-
DQB1*0201) in Caucasians. HLA typing of our patieenealed DQA1*0301-DQB1*0302/
DQA1*0301-DQB1*0302 which is a susceptible genotype

Fourteen out of 21 tested patients had a HLA gea®otyith increased risk for diabetes
(15,18,21,28,29,36,37). Therefore, based on patieigeand clinical data of the reviewed
literature, it is conceivable to suggest that pasievith high risk HLA, thus a genetic
predisposition for type 1 diabetes mellitus, haweéngreased risk for the development of
immune checkpoint inhibitor induced diabetes malit

Antitumor Response

Although this group of case reports is probablygowll to draw definitive conclusions, it is
noticeable that most patients who developed tygialietes secondary to a PD-1 inhibitor
also reached an antitumor response (38).

Even though further validation is required, Juddletlemonstrated that for a subset of
non-melanoma patients treated with PD-1 checkpoinbitors, in particular those with low-
grade immune-related adverse events, immune-retaleerse events were predictive for an
improved response rate and longer time to nexafiyeand longer survival (39). This
confirmed the study of Freeman-Keller et al. wheeed that cutaneous irAEs (rash and
vitiligo) were associated with improved survivalnrelanoma patients treated with
nivolumab. However, they observed no significamvisial differences with other irAEs
(endocrinopathies, colitis, or pneumonitis) (40yn8idering these observations, it would be
of interest to study this in larger, prospectivals; because this information is clinically very
relevant.

Therapy of PD-1 induced autoimmune diabetes:

In contrast to other irAEs, which are mostly trelateth high dose corticosteroids or TNF-
alpha inhibitors, there is no treatment for autoumm diabetes mellitus. One research group
reported their attempt of treatment with oral pisdione at 2 mg/kg for 3 days, then 1 mg/kg
for 10 days with a weaning schedule for a toted @feeks treatment, the standard irAE
therapy. Despite their attempt, glucose controtidetated and they did not observe benefit
from this therapy. However, they believe that oinemunosuppressive agents, such as
monoclonal antibodies, which are not toxic to thagreatic islet cells, might be more
effective and therefore, future research is ne¢de@termine their efficacy (38). However,
type 1 diabetes manifests itself when up to 80—-8bancreati@-cells have been

destroyed. With such a significant losiafells, it seems unlikely that immunotherapy dose
modification or immunosuppression with corticostésonvould alter the course of disease.
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Currently, the treatment for immunotherapy indudetbetes and diabetic ketoacidosis
remains standard insulin therapy.

After the start of insulin therapy, glycemic cottnas reached in almost all cases.
However, three cases reported challenging contitbl severe instability of blood glucose
and frequent and unpredictable hypoglycemic arkitoacidosis episodes (24,33,41).

In most cases immunotherapy was immediately restafter glycaemia was controlled.
Restarting the immunotherapy did not cause a chenglycaemia, and the patients kept
stable insulin requirements and fasting blood gdedevels. Also in our patient, resuming the
check point inhibitor did not worsen glycemic carhtr

Proposal of a screening strategy

Since the use of immune checkpoint inhibitors wdlhtinue to rise, clinicians (general
practitioners, emergency physicians, oncologistseardocrinologists) must be aware of
irAEs, including autoimmune diabetes mellitus atitko endocrinopathies.

Despite the rarity of diabetes in this patient dapan, the field would benefit from a
consensus research protocol according to whiclematcould be evaluated prior to therapy
with checkpoint inhibitors and on follow-up. It widube ideal if this condition could be
prevented, certainly considering the possible aggive nature of this form of autoimmune
diabetes. However, some authors argue that thelkdge of being vulnerable to certain
irAEs may increase anxiety in patients, withoutrdiag management (37).

In order to diagnose autoimmune diabetes earlygesamhors recommend routine
measurement of HbA1c and blood glucose levels iieps, prior to the start of
immunotherapy and while receiving immunotherapynedauthors advise clinicians to
educate their patients about symptoms of diabBi€s, and other irAEs (24). Furthermore,
it is also suggested to provide patients with aadefor capillary blood glucose monitoring
(18). In our opinion, a combination of these (ediaca routine glucose measurements, and
home blood glucose monitoring) should be used.

In clinical practice we propose to educate allgras about hyperglycemic symptoms and
diabetic ketoacidosis and to raise awareness ithhesre professionals. In patients with a
history of autoimmune disease (e.g. Hashimoto hypotditis, Graves’ disease, pernicious
anaemia, coeliac disease, ...) we suggest to pravglecometer. In all patients, fasting or
random plasma glucose and HbA1c levels shouldlmgested at each administration of PD1
inhibitor therapy. If positive, HLA type, c-peptidadp-cell antibodies should be determined
to confirm the diagnosis of type 1 diabetes. Tisraach (figure 2) should minimize long
delays in diagnosis and help in avoiding the dgwalent of potentially life threatening
diabetic ketoacidosis. Furthermore, based on tieenration collected by this approach, in
the future the study of autoreactive T cells, Hiypihg and autoantibody testing, or even
testing T1D-associated SNPs to calculate genastcsgores for T1D may be feasible and
help us to gain insighit the pathogenetic process of Programmed cell death-1 (PD-1)
inhibitor induced type 1 diabetes mellitus.

Conclusion

Autoimmune diabetes induced by anti-PD-1 theragynare, but potentially life threatening
immune-related side effect. Since the use of imrtherapy is expected to increase, it is
essential to raise awareness of diabetic ketoasidosl to timely diagnose and treat this
aggressive form of autoimmune diabetes.
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evade immune response. D. During anti-PD-1 therapgertain susceptible persons, T cells
are activated and develop an immune response togmticp cells.

Figure 1. Mechanism of action of PD-1 immune chedkpinhibitors and hypothesis of
association between PD-1 immune checkpoint inhibigmd diabetes mellitus type 1.
Legend: A. Tumor cells can inactivate T cells andde the immune system by expressing
PD-L1. This leads to the enhanced survival of tugedis. B. Anti-PD-1 can block the PD-1
receptor and restore immune response. This ledtig tapoptosis of tumor cells. C. Similar
to the mechanism in figure 1, pancredticells express PD-L1 and thereby evade immune
response. D. During anti-PD-1 therapy, in certaisceptible persons, T cells are activated
and develop an immune response to pancrpatetls.

Figure 2. Legend: HCP = health care provider, DKAiabetic ketoacidosis, HLA = Human
leukocyte antigen, FPG = fasting plasma glucoséIdl= glycated hemoglobin.

Figure 2. Proposal of screening and treatment dtgorfor autoimmune diabetes in patients
treated with checkpoint inhibitors.
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1*04:01-
Araujo et al., 7.2% (55 DQA1*03:01—
2017 F| 73 | NSCLJ + | mmol/mol) DQB1*03:02
Zaied et al. 8.4% (68 n 3 6 B 0.4 1.1-4.4/
2018 M| +-70| RCC + | mmol/mol) ng/mL | ng/mL
0.26-
011|193 Thigh risk:
D 2 8 GAD+, | nmol/L L (0.8- DQA1*0301-
ICA+ | (0.3 31' DQB1*0302/DQA1
71% 4 ng/mL) ngimL *0301-DQB1*0302
Current patient| F | 73 UM + | mmol/mol) )

Table legend: DKA = diabetic ketoacidosis, HbAlglycated haemoglobin, HLA = Human leukocyte antigen
/ = not reported, ¢ = not-specified anti-PDL1-aatl, CM = cutaneous melanoma, + = positive, p =
pembrolizumab, - = negative, NHR = no high riskeypSCLC = non-small cell lung cancer, SSCC =
Sarcomatoid squamous cell carcinoma, GAD = glutaanid decarboxylase antibody, % = ketonuria, n =
nivolumab, RCC = renal cell carcinoma, ICA = igtetl antibody, IAA = insulin autoantibody, SCLC mall
cell lung cancer, IA2A = Islet antigen 2 antibody, ipilimumab, HL = Hodgkin lymphoma, ZnT8A = Zin
transporter 8 antibody, SCC = squamous cell canein@ = atezolizumab, UC = urothelial carcinomghef

bladder, UM = uveal melanoma.

Note: HLA information is not consistently presentederms of nomenclature, or alleles reportedahbse of

limitation of what was reported in literature.

Table 2. Characteristics of reported patients witimunotherapy associated type 1 diabetes

Reported cases: 42
Causative agent
Nivolumab 21
Pembrolizumab 12
Nivolumab + ipilimumab 2
Anti-PDL1 2
Anti-PD1 1
Pembrolizumab + ipilimumab 2
Azetolizumab 1
Demographic data
Sex (men/women/not reported) 21/20/1
Age (years) 63 (28-83)

Presentation

Diabetic ketoacidosis

30 (71.4%)

Hyperglycemia (negative for DKA)

3

HbAlc (%) 7.5 (6.4-10.7)

HbAlc (mmol/mol) 58.5 (46-93)
Time of diagnosis after start of immunotherapy

Number of doses 3 (1-17)

Onset in weeks 6 (1-52)

Beta cell antibodies

GAD 22139 (56%)
1A2A 4720 (20%)
ICA 2716 (12.5%)
IAA 1716 (6.2%)
ZnT8A 176 (17%)

Undetectable or low serum C-peptide

30/32 (93%)

High risk HLA haplotypes

14/21 (67%)

Personal history of auto-immune disease

12/47508p.

Table legend: DKA = Diabetic ketoacidosis, HbAlGtycated hemoglobin, HLA = Human leucocyte antigen,

GAD =Glutamic acid decarboxylase antibody, IA2Ansiilinoma antigen-2 antibody, ICA = Islet cell
antibody, IAA = insulin autoantibody, ZnT8A = Zitansporter 8 antibody, HLA = Human leukocyte astig
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Data are median (range) or number (%)
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Proposal of screening and treatment algorithm for
autoimmune diabetes in patientstreated wit'
checkpoint inhibitors

STEP 1: raise awareness:
at initiation of checkpoint inhibitor therziy:
1. educate patients and HCPs about hyperglycemic syimptoms and DKA
2. extravigilance for patients with a history of autoimiune disease
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ENDOCRINOLOGY & METABOLISM

STEP 2: blood gluccsa inionitoring
1. patients with an autoimmune ¢/ szase: provide a
glucometer
2. indl: measure FPC (or random PG), and HbA 1c at
each administration of chackpoint inhibitor

TEP 3: confirm diagnosis
1.  imeasure c-peptide levels
. detcrmine B-cell antibodies
L perform HLA typing: susceptible haplotypes ?

STEP4: treatment
start multiple daily injection insulin therapy
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