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What's new?
¢ Immune teckpoint inhibitorrelatedType ldiabetes isare in clinical trialsbutcase
reports published between 2015 and 2017 suggest thateddlincidence may be
higher than previouslgnticipated.
e Weidescribanine cases ofhislife-threatening immuneiediatedType ldiabees.To
our knowledge this is the largest series reported in the literature to date.
e Patients presentedith fulminant, symptomatic hyperglycaemia within weeks of
commencingmmune checkpoint inhibitors
e Thewmnprecedented survival bensBen withmmune checkpoint inhibitor@cross
manyseancers anticipated t@esultin theirwidespread usasa single agent and
combinationwith other cancetherapies in the neduture.
Abstract
Background.ln.recentyears immune checkpoint blockadesbecome atandard therapipr
a wide range of canceradverseevents, including endocrinopathiessult fromthe
induction of auteimmuity .
Case reportWe report acaseseries ofnine individuals who presented with immunotherapy-
inducedType 1diabetedetween 2015 and 2017. Onset of diabetes occurred within 12 weeks
of commeneing. therapy. Anti-glutamic acid decarboxylase antib@dies present in six
people Retrospective &ing of islet antibodies in prieeatment samples was possitoléwo
peopleand this revealednti-glutamic acid decarboxylase seroconversighenfirstand high
anti-glutamic acid decarboxylatigres pre-and posttreatmenin the second perso8ix
people hadshigh,risk human leukocyte antigaplotypes. Clinical and genetic factare
described andompared with previously published cases.

Conclusion

Introduction

Immunotherapy Is based on the premise that an enhanced immune systeoogaizeand
eradicate cancer€heckpoint blockade with cytotoxic T lymphocytessociated antigef
(CTLA-4)and programmed cell death protéipathway (PD1/PE.1) is rapidly becoming
the standardf care in a range of cancemscluding melanoma, nosmaltcell lung cancer

renal cell carcinoma arttead and neckancerwith unprecedented impact on overall survival

[1-5].
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CTLA-4 and PD1 arenhibitory cell-surfacereceptorexpressed on activatddcellsthat

limit immune activationIn contrast to antETLA-4, which amplifiesT-cell activationin
lymphoid organs and tumours, aRiD1 predominantly overcomes exhaustafrantitumaour

T effector cellswithin thetumour bed. Teell exhaustion represents a state of cellular
dysfunctiensinduced during chronic antigemour exposure, leading to failure to control
tumour pragression [6A common analogys that checkpoint inhibitoract by'releasing the
brakes onthe"immune systenotcombat the tumour J7Conversely, T-cell exhaustion
phenotypes are thought to cenbetter prognosis in autoimmune diseases. With restoration of
exhausted Icell function mediated blD1 pathway blockadenduction ofcollateral
immunerelatedadvese events (AEs) such as rakbpatitis, nefritis, pneumonitis, colitis

and endocringghiesare commonWhile mostimmunerelatedAEs are responsive to
immunosuppressigrendocrinopathies tend to be irreversible and require ongoing hormone

replacemeni8].

The incidence oimmunotherapy-induced Typedlabetess reportedo be~0.4% [1;

however reportsisuggest that the reabrld incidence may be significantly higher [8-32].
Cohortstudies ofslet antibody-positive people (mainfirst-degree relatives of people with
Type 1 diabetes) have found thdi0% with a sintg positive antibody Wi progress tolype

1 diabeted33]..Factors that lead to progression to diabetes may indifféeences in gene
expression of diabetogenic T cells, viral antigen reactivity and metadaihevays used by
autoreactive T cellg34]. The relationship bateenPD1and its ligands in the development of
diabetes has been established in nki@l-PD-L1 interaction inhibits the activation,
expansion; and effector function of istetactive T cells through the lifespan of the animal
[35].

In keeping with the mechanism of PD1 pathway blockade, one hypothesis is that progression
to fulminant isletrautoimmunitynay be increasear accelerateth a proportion of healthy

individualsswithspositive islet antibodies

Researchdesign and methods

We describe our.experience of nine people presentingamitifPD1-mediatedlype 1
diabetedetween 2015 and 201Treatment was undertakantwo tertiary centres in
Melbourne, Australiathe Peter MacCallum Cancer Centre and Eastern Health. The authors

were responsible for magement and follow-up. Demographics, treatment histaapetes
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presentationthe presence aglet antibodies anduman leukocyte antiggilLA) type were
characterized. Where feasipserum obtained befoteeatmentommenced was testéar

evidence bpre-exising islet autoimmunity

A literature review of PubMed and Medline for case reportmtfPD1-relateddiabetes
identified 28casesClinical informationfrom ourserieswas compared withublished case
with a focus'ontiming and kineticd diabetesn relation to commencing arfiD1-based
therapythe presence dfigh+isk HLA genotype and prereatmenevidence of islet
autoimmunitythatcould account for thacceleratd development of diabetes.

Results

Demographics ‘and clinical characteristics are detaiddble 1. Biochemistry, HLA
genotype and islet antibodies aranmarizedn Table 2. Individualsvere aged 232 years
and presented.within 12 weeks(mean 6.4veeks median 6veeks of the firstdose of anti
PD1treatmenitwvith diaketic ketoacidosi$DKA) or symptomatic hyperglycaemia requiring
hospital admissionPersonl had an existing history of autoimmunity (rheumatoid arthritis).
Persor® had ashistory of Typ2 diabetes treated withetformin a sulfonylurea and
empagliflozin In four people who develop@therimmunerelatedAEs, diabetes was the
firstimmunerelated AE to manifesPersonl presented 6 weeks aftent-PD1treatment
with DKA and concomitant paolitis. Person5 presented 8 weeks afamt-PD1treatment
with DKA and thyroiditis. Six monthiaterhe developed widespread rasand inflammatory
polymyositis. lerson6 presented witbKA 6 weeksafteranti-PD1treatmentwhile
thyroiditis and rasloccurredé months later. Rson8 was diagnosed with DKA2 weeks
aftertreatment.and hypophysitis 6 wedater. Threepeople received pri@ant-rCTLA4
therapy There was no significant difference in diabetes presentation compiginegtiose
treated with-PD1 inhibor monotherapy. &son7 was treated with glucocortias in an
attempt to 'salvagp-cell function with no improvement in glycaemia full report of this

case has begmublishal by Aleksoveet al. [19].

Antibodiesto glutamic acid decarboxylase (GADyrosine phosphatagelated islet antigen
2, insulin and zinc cetransporter 8 were measured. GAD antibody was positisi iout of
nine people. ”-treatment testingn person 4dentified GAD antibodes>1000 UmL
(reference range <8/mL). Conversely, person 8 had undetectabletfgatment GAD
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antibodies and demonstrated seroconversion 12 vedersdreatmento 7.6 Uml. HLA
typing was performed in six of the nine peoipl@ur seriesAll had at least oneigh-risk
class Il HLA allele (DR3, DR4, DQ2 or DQ&yerson6 had both susceptibility and rdsisce
haplotypesThe 28 previously published cases between 2015 and @@&l3ummarizeoh
Table 3

Discussion

Consistentiwith other reportfie majority ofpeoplein our seriepresented witlDKA within
weeks of starting anfPD1-based therapybA . tended to be lower at onset, in keeping with
rapid islet destructioand hyperglycaemiallowing less time for glycosylation of
haemoglobin/Individuals exhibited marked glycaemic variability, with frequent episbdes
hypoglycaemia despitegular insulinadjustment. This rapid onset and fulminant course
implies an accelerated islet autoimmunity in contrast to the more protracted kinetics of
spontaneous. Typediabetesn children and young adults [33 ]34t is noteworthythat
immunosuppessve doses of articosteroidsaarenot helpful in reversing islet cell destruction.
The result igoshenotypic Type tliabeteswith features ofulminant diabetes described in
JapanKoreaand in a ase published in Austral[86]. Nine of the published cases highlight
this distinctphenotype (@ble 3. Understanding howD1 blockade impacts immune
response imdividualswith varying autoimmune susceptibility is critically important.

C-peptiddevelwas low in most cases despite presentinglid weeks. Similar rapid
progression to diabetes was seep@ople with diabetegiven islet transplantation from their
co-twin or HLA-matched sibling who, given HLA identity, received little or no
Immunosuppression [37This observation provided critical evidence that Type 1 desbie

an autoimmune disease. The effeditisibutableto endogenously accumulated islet reactive
activatedsmemeory T cells in the diabetic sibling which caused rapid graft faillr®1n
inhibitor treatment, T cells are activated by exogenous intervention. In both situptoets,

are exposédtoa high number of activated T cells over a short period of time.

The prevalence,of GAD antibody positivity in most publishases is in keeping with GAD
being the most common antigen specificity in aduketfype ldiabete438]. Persord in
our seriehadelevatedevels of GAD antibodiepre-treatmentandthese remained high

throughout therapy. This findingasalso reported by Gauei al. [30]. By contrastthe GAD
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antibody titre inperson8 was <0.6 Uml pre-treatment, but elevated at Wanl at diabetes
presentation_owe et al. [18] described aimilar outcome of GAD antibodgeroconversion
and development dKA 2 weeksafterthe third infision of combination

ipilimumab/rivolumab.

Collectively, n our series and other published cases, there were 18 people with elevated GAD

antibodiesat'diabetes presentation and 17 without.

PersorO had preexistingType 2 diabetes which was wedbntrolled ortriple oral
antihyperglycaemic agentslatsumuraet al. [24] also described a person with pre-existing
diet-controlled’diabetes, who developed severe hyperglycaemia with very low C-pexatide
and persistently negative GAD antibody on nivolumab. Person 9 had been on a stable dose of
a sodiumglucose ceransporter2 (SGLT2)inhibitor for over 6 months and was well on the
day of antiPD1treatmentThis individualpresented with DKA days afteppembrolizumab
therapy, but remaineghtibodynegativeln this caseC-peptideevel was higher at diabetes
preentation.tham in other cas&GLT2 inhibitors have been associated with euglycaemic
DKA when used to treat both Type 1 and Type 2 diabetes. The exact contribution of the
SGLT?2 inhibitorto the rapid manifestation of DKA remains uncertain. It is jiiuihat
ketosis was accelerated during early autoimmune pancreatic destreesigting in a

relatively preserve@-peptide concentration in thperson There havéeen no published
casea of DKA in the setting of combined SGLT2 and PD1 inhibitor, hesve\er, caution
should be ‘exercised in this cohort, particularly as development of DKA 2attaysnmune
checkpoint inhibitor administration is the earliest pancreaticunerelatedAE reported to
date. UnfortunatelyHLA-typing was not possible in this case but may have been useful in

delineating.aetiology

Notably, thesixthat wee HLA -typed inthe present serieemonstrated highisk alleles
Preclinical:studies suppdtie premise th&®D1lossmayinduce specific autoimmune disease
depending.en prexistinggenetic background [39 In published case44 people hadt least
one high risk'HLA alleletwo had high risk and protective allelélsteehad no high risk

alleles andL1 reports did not record HLA (Table 3heclinical utility of HLA-typing and
baselindslet antibodytesting tostratify risk and manage potentishmunerelatedAEs

remains to be prospectively evaluated.

This article is protected by copyright. All rights reserved



Understanding the underlyimgechanisms ammunerelatedAEs may provide insightand
facilitatethe developmenof targeted approaches to deal with the autoimnside effects of
immune checkpoint inhibitorsRecent studies have shown that blocking interleidkin-
receptora with monoclonal antibodies in norebese diabetic mice hasdmeshown to prevent
and reverserautoimmune diabdigsnducing exhaustion of auteactive T cell§40]. In
humansabatacep(CTLA-4 Ig) was found to increase endogenous C-peptide production in
newly diagnosed Type 1 diabetes and is now being trialled in antfimsiive relatives with

normal gluecose tolerance [41].

In conclusien, PD1 inhibitomduced diabetes is a rare and irreversible complica#en
checkpointsinhibitors écome standardf care in nany tumour types and with the
introductionof combination approaches, avdicipateanincreased incidence of iatrogenic
Type l1diabetesThe clinical phenotype & steroidunresponsive, accelerated and fulminant
islet autoimmunity thatisuallypresents witlDKA. Peoplereceiving antiPD1therapy should
receive education on recognizisgmptomsof hyperglycamia to aidearly presentatianThis
series has promptedprospective study tavestigatepredictiverisk factors includng pre-
treatmenisletantibodesand HLA status. Thiwill clarify whethercheckpoint inhibitorgire
an acceleratoror initiator diype ldiabetesand guide future management and potentially
prevention of this complicatiofndocrinologists andncologists need to becreasingly
vigilant to ensureearly recognition and prompt treatmémt this life-threateningorm of

diabetss.
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Table 1 Demographics and clinical characteristics

) RECIST
Onset of diabetes
) Tumour  Immune check ] ] . Response
Patient Age/sex__ Tumour type o since first Anti .
stage point inhibitor /duration of
PD1 exposure
response
PR/20 months
] (Treatment
1 70/M Melanoma IV M1lb  Pembrolizumab 6 weeks ] ]
discontinued at 6
weekg*
] SD/21 months
SCC \% Pembrolizumab +
2 82/M . 9 weeks (Treatment
(oropharynx) (T2N2C) carboplatin/5FU )
ongoing)
SD/14 months
Resected ) (Treatment
3 61/M Melanoma Pembrolizumab 8 weeks ) )
nc discontined 8
weekg*

) PR/8 months
Pembrolizumab
4 53/F Melanoma IV M1b 3 weeks (Treatment
+/- epacadostat

ongoing)
PR/21 months
5 ) (Treatment
23/M Melanoma IV M1b  Pembrolizumab 8 weeks ) )
discontinued at 7
monthg*
5 Seqential PR/24 months
61/M Melanoma IV M1b ipilimumab, then 6 weeks (Treatment
pembrolizumab ongoing)
. CR/29 months
Sequential
o (Treatment
7 60/M Melanoma IV Mlc ipilimumab, then 5 weeks ] )
} discontinued at
pembrolizumab
1.5 month¥*
N SD/5 months
Ipilimumab and
8 50/M Melanoma IV Mlc . 3 months (Treatment
nivolumab .
ongoing)
) Not restaged/1.5
9 65/M Melanoma IV Mlc Pembrolizumab 2 days

months
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(Treatment

withdrawn)

CR, complete responsg;female; M, malePD, progressive disease; PD1, programmed cell death pdgoteR, partial
respose;RECIST, Response Evaluation Criteria In Solid TumoB6C, squamous cell carcinoma; SD, stable disease.

*Persondl, 3,5, 7 and 9 discontinued treatments at the time of diagnoJigps 1diabetes mellitus. They maintained the
responsesitheyshad aeted despite no additional dosesnfrPD1therapy.Persor received treatment in the adjumta
setting. He discontinuggembrolizumab afte8 weeksand renained disease free far further 7monthsbefore developing
disease progression in the brain. @att5 discontinued pembrolizumab at 7 moftbsause ofeveraimmunerelated
toxicities including=myositis an@lype 1 diabetes. He maintained the partial response for 21 months andviagsogressed

with intracranial metastases
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Table 2 Diabetes presgation

Relevant Diabetes ) o ) ] o
Patient . Other immune toxicities Biochemistryt HbAlc Antibodies HLAS
background presentation
CVID Glucose 50 mmdl 73.8 mmol/mol GAD >2000 U/mL (<5)
1 Rheumatoid)y DKA Colitis Serum ketones 6 mmibl (8.9% IA2 <0.3 U/mL (<15) -
arthritis pH 6.99 Insulin Ab 0.3 U (<0.7)
) GAD <0.6 U/mL (<5)
Symptomatic Glucose 36mmadi 69.4 mmol/mol
_ o N _ IA2 <0.3 U/mL (<15) DRB1*04 (DR4)
2 - hyperglycaemia Hypothyroidism, rash, arthritis Urinary ketones ++ (8.5% _
i ) i Insulin Ab 0.3U (<0.7) DQB1*03:02 (DQ8)
with ketosis C peptide <0.03 nm8l
ZnT8 Ab 0.2 U (<3.1)
Glucose 15 mmdil GAD >2000 U/mL (<5)
60.7 mmol/mol
Serum ketones 5.8 mnibl IA2 <0.3 U/mL (<15) DRB1*04 (DR4)
3 - DKA - (7.7% .
pH 7.30 Insulin Ab 0.3 U (<0.7)
C peptide <0.03 nmdl ZnT8 Ab 0.3 U (<3.1)
Glucose 34 mmdl
55.2 mmol/mol GAD >2000 U/mL (<5) DRB1*03 (DR3)
Serum ketones 5.8 mnibl
4 - DKA - H 700 (7.2% IA2 <0.3 U.mL (<15) DRB1*04 (DR4)
Pt ] Insulin Ab 0.4 U (<0.7) DQB1*03:02 (DQ8)
C peptide 0.04 nmdl
o ) Glucose 41.4nmol/l
Thyroiditis (thyiotoxic phase ) 58 mmol/mol GAD 12.0 U/mL (<1.45) DRB1*03 (DR3)
o Urinary ketones ++
5 - DKA followed by hypothyroidism), H 720 (7.5% IA2 <1.1 U/mL (<1.1) DRB1*04 (DR4)
rash, inflammatory polymyositis L ] Insulin Ab 1.2 U (80.7) DQB1*03:02 (DQ8)
C peptide 0.11 nmdl
Glucose 15.Immoll
Large 70 mmol/mol GAD >2000 U/mL (<5) DRB1*03 (DR3)
) o Serum ketones present
6 pancreatic DKA Immune rash and thyroiditis H7 14 (8.6% IA2 <1.1 U/mL (<10) DRB1*15 (DRL5)
metastasis prf: _ ZnT8 <15 (<15) DQB1*06 (DQ6)
C peptide 0.12 nmdl
; Prostate DKA Glucose 27 mmdl 62 mmol/mol GAD <0.6 U/mL (<5)
cancer Blood ketones 5.9 mmibl  (7.8%) IA2 <0.3 U/mL (<15)
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C peptide 0.057nmbl

Glucose >41.5 mmdl
43 mmol/mol

g DKA Hypophysitis (adrenal and Serum ketone8.1 (6.3% GAD 7.7 U/mL (<5) DRB1*04 (DR4)
thyroid axis) pH 7.04 ' A2 <0.3 U/mL (<15) DQB1*03:02 (DQ8)
C peptide 0.01nmdl
Type 2 Glucose 24 mmdl
) 57 mmol/mol
diabetes,on.an Serum ketones 6 mmibl GAD <0.6 U/mL (<5)
9 DKA - (7.4% -
SGLT2 pH 7.24 A2 <0.3 U/mL (<15)
inhibitor_t C Peptide 0.38 nmél

CVID, Common variablesiimmune deficiendyKA, diabetic ketoacidosis; GAlutamic acid decarboxylasdlA, human leukocyte antigeiA2, islet antiger?; SGLT2, sodium glucose eoansporter- 2ZnT8,
zinc cotransporter 8.

}Biochemistry reference ranges: Glucosé samoll, serum ketones <0.6 mmigIC peptided.30-2.40 nmoll.
§ HLA: DR3 and DR4: strongly associated with diaseDQ8: linked to juvenile diabetes, coeliac disesd rheumatoid artitis, DR15and DQ6: resistance to diabetes
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Table 3 Review of cases published to date

Antibody and HLA

Author/ year  Age/ Tumour Onset of Diabetes tatust
statu
published gender Type diabetes presentation
(As reported)
Antibody negative
55/F Melanoma 5 monhs DKA
HLA A2.1+, DR4+
Non-smaltcell Antibody positive (GAD or
83/F <1 month DKA
lung cancer HLA A2.1+, DR4+
Antibody positive (GAD,
Renal cell Elevated random )
Hugheset al,= “63/M _ 4 months ICA512, Insulin Ab)
carcinoma glucose
2015[10] HLA A2.1+, DR4+
Antibody positive (GAD
Small cell lung
58/M 1 week DKA only)
cancer
HLA A2.1+
Elevated glucose Antibody negative
64/F Melanoma <1 month ] ]
with ketonuria HLA DR4+
Adenocarcinoma Hyperglycaemia Antibody negative
70/M 15 weeks ypergy yned
. (lung) followed byDKA  HLA not known
Mellati et al, i i _
Sarcomatoid Antibody positive (GAD
2015[11]
66/F squamous cell 7 weeks DKA only)
carcinoma (jaw) HLA DR3-DQ2/DR4DQ8
Martin - Antibody positive (GAD
_ After 3¢ _ P (
Liberal etaal, . 54/F Melanoma ) ) Hyperglycaemia only)
infusion
2015[12] HLA A2 DR4 DQ8
DKA ] .
Gaudy et al, 2 weeks after ) Antibody negative
44/F Melanoma 'FulminantType 1 T
2015[13] second dose . No high risk HLA haplotype
diabetes'
Chaeet al, Adenocarcinoma Asymptomatic Antibody posiive
76/M 1 month )
2016[14] (lung) hyperglycaemia  HLA not known
] Antibody positive (GAD,
Godwin et al; Non-smallcell _
34/F 4 weeks DKA IA2, Insulin Ab)
2016[15] lung cancer o
No high risk HLA
Thoreau et aly DKA and acute  Antibody negative
73[M Melanoma 26 weeks ] ]
2016[16] leg ischaemia HLA not known
) ) DKA Antibody negative (GAD,
Miyoshi et al, ]
2016[17] 66/F Melanoma 4 months 'FulminantType 1 1A2, ZnT8)
diabetes' HLA DRB1 HLA DQB1
Lowe et al, DKA Antibody positive (GAD
54/M Melanoma 4 months i
2016[18] 'FulminantType 1 only)
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diabetes'

HLA-1 A2 and H.A-1I
DQB1*0602

Elevated glucose

Antibody negative

Okamoto et with ketonuria
55/F Melanoma 12 months ) HLA
al, 2016[20] 'FulminantType 1
. DRB1*04:05DQB1*04:01
diabetes'
Hansenet al, Symptomatic Antibody positive (GAD)
58/M Melanoma 51 weeks )
2016[21] hyperglycaemia  HLA not known
Antibody negative (GAD,
Teramoto et )
63/F Melanoma 30 weeks DKA IA2 and Insulin)
al, 2016[22]
HLA not known
Symptomatic Antibody negatie (GAD
Fukui et al, hyperglycaemia  and IA2)
62/F Melanoma 130 days }
2016[23] 'FulminantType 1 HLA DRB1*13:02 and
diabetes' DQB1*06:04
Antibody negative (GAD
Matsumura ) Severe
68/M Adenocarcinoma ) HLA A*24:02 and
et al, 2016* 40 days hyperglycaemia
(lung) i ~ DRB1*09:01 and
[24] with low ¢ peptide
DRB1*15:02
. Antibody negative
Shahet al, Squamous de Hyperglycaemia
77/F . 10 days ] HLA-A2, HLA-DR4 both
2016[25] carcinoma (lung) and ketosis )
negative
] Hyperglycaemia ] .
Munakata, et Hodgkin ] Antibody negative
72/M 57 Days 'FulminantType 1
al, 2016[26] lymphoma . HLA-B*40:02
diabetes'
] ) Hyperglycaemia ) _
Asai, et al, Adenocarcinoma " ) Antibody negative
50/M After 5" cycle 'FulminantType 1
2017[27] (lung) _ HLA not known
diabetes'
Li etal 2017 Squamous cell Antibody positive (GAD)
63/M . 27 days DKA
[28] carcinoma (lung) HLA not known
Hickmott et ) " Hyperglycaemia .
57/IM Urothelialcancer  After 5" cycle ] Not available
al 2017[29] and ketosis
) Antibody positive (GAD
Gauci et al
73IM Melanoma 6 weeks DKA and ZnT8)
2017[30]
HLA not known
Hyperglycaemia  Antibody positive (GAD)
Non-smallcell )
. 31/M 2 weeks 'FulminantType 1 HLA DRB1*04:05
Usuiet al lung cancer _
diabetes' DQB1*04:01
2017[31] : i :
Non-smaltcell Symptomatic Antibody negative
62/F 10 weeks )
lung cancer hyperglycaemia HLA DRB1*09:01-
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DQB1*03:03

] Hyperglycaemia ]
Ishikawa et al ) ) Antibody status and HLA
54/F Melanoma Unavailable 'FulminantType 1
2017[32] . not known
diabetes'

F, female; GAD, glutamic acid decarboxylase; Hliman leukocyte antigetA2, islet antiger2; M, male;ZnT8,zinc
co-transporter 8:

*Persorwith pre-existingType 2 diabetes.

THLA A2 DR4,.DQ8; HLA DR3-DQ2, HLA A*24:02 and DRB1*09:01DRB1*04:05DQB1*04:01 high risk
haplotypes foifiypesidiabetesHLA DRB1*04:05DQB1*04:01, HLA-B*40:02, HLA DRB1*09:01-
DQB1*03:03 associated witifype 1 diabetem Japan and fulminant diabetes, HLA DRB1*13:02 and
DQB1*06:04:sweakly associated wilfype 1diabetes, HLAIl DQB1*0602, HLA DRB1*15:02: protective for
Type 1ldiabetesHLA DRB1 11:01 13:02:01, HLA DQB1 03:01:01 06:04:01: nes@ciated witiype 1

diabetes
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