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Endocrinology and Cancea management
spectrum

APrimary endocrine tumors
AHormone secreting or nesecreting

AGlands resected/damaged by cancer/treatment
AHypothyroidism, hypoparathyroidism, adrenal insufficiency, etc.

AEndocrine Effects of Cancer Therapy
AFertility, hyperglycemia, hyperlipidemia, hypothyroidism, bone health

AParaneoplastic Syndromes from nendocrine cancers
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endocrine disorder
ADepends on overall goals of cancer care

Almprove quality of life without excessive burden of
treatment

Almprove patient safety
ATake time/burden of management off of oncology team
AKeep in clinical trials



Targeted therapies the future of oncology

AModern treatments are less cytotoxic

ATargets are more specific
AMutated signaling pathwaysoften growth pathways
ACART therapy
Almmunotherapy

AClinical trials can be designed based on mutation/expression not
tumor type

ANew paradigm of side effects, not what oncologists have traditionally
managed



Oncology treatments with endocrine effects

ASteroids- hyperglycemia

ACytotoxic chemotherapyg hypogonadism

ARadiationc hypothyroidism, hypogonadism

AmTORNhibitors ¢ hyperglycemia and lipid disorders

ATyrosine Kinase Inhibitogshyperglycemia and thyroid disorders
AOther medications bexarotene abiraterone

ACheckpoint inhibitors
AEndocrine system is prone to autoimmune attacks



Targeted Therapy and Hyperglycemia

IGF receptor Ab
Multiple in studies with -
hyperglycemia rates ranging e _
from 10-100% '
PI3K/AKT Kinase inhibitors
Multiple in studies with

hyperglycemia rates ranging ,
from 2-93% @
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EGFR
Gefitinib¢ 5%
Rociletinib¢ 46%

BRAF
Vemurafenibc none
Dabrafenibc 49-50%

MEK
Selumentinib- none
Trametinib- none

MTOR
Everolimus; 7-93%
Temsirolimus; 7-76 %
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Background

1992
discovery of PD-1 2011
Kyoto Nivolumab trial

ACheckpoint inhibitors PO-1 0 mouee
Introduced as cancer 2002 cng | [2007

therapy in2011 nmice
ACTLA4 inhibitors

The history of PD-1 signal

fO |OW€d by Pm— 2000 2009

FIM BMS-936559

Inhibitors In 2014 —_—

2001
discovery of PD-L2

FIM Durvalumub

2012
FIM Atezollzumab

2013

<PD-L1, PD-L2 > FIM Avelumab

Iwai et al. Journal of Biomedical Science (2017) 24:26 DOI 10.1186/s02823299



APC or Target cell
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APC or Target cell
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CTLAd vs PEL/PDL1L

ACTLA4 functions early in-Eell activation
AExpressed on dendritic/antigen presenting cells in lymph nodes

APD1/L1 functions in the tumor microenvironment
APDL1 expressed on tumor cells

ACan stain pathology of target tissues to predict possible
effectiveness of therapy

APD1 expressed on-tells
A Different sites of activation lead to different side effect
profiles

Hargadoretal.a L YYdzyS OKSO(lLR2AYyU(O o6f201FRS (KISINNRIBSH 2NY Otlzy © S QK
Internationallmmunopharmacoloa¥2018) 62:2B9DO0OI10.1016/i.intimp.2018.06.001



Currently Avallable agents

ACTLAM
Alpilimumab (Yervoy) ¢ FDA approved: malignant melanoma

ATremelimumalx; In studies for melanoma and mesothelioma (orphan)

APD1
APembrolizumabKeytrudg¢cb { / [/ £ 1 SIR FYR bSOJ
ANivolumab(Opdivo¢cY St I yv2YI X b{/ [/ 2 w/ /X I

H&NSCC
A Cemiplimalx metastatic cutaneous squamous cell cancer

APDL1
ADurvalumalx Urothelial and NSCLC

A Atezolizumalx Urothelialand NSCLC
A Avelumabc Merkel cell carcinoma

{1/
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What increases the risk of side effects?

ACombinationipilimimumab nivolumabhas been studied in melanoma
Alncreased efficacy but increased rates of adverse effects
A59% for combo vs 28% fimilimumaband 21% fonivolumab

ASide effects are dose dependentiose can vary significantly
Alpilimumabc 3 mg/kg for metastatic disease
A 10 mg/kg for adjuvant (curative treatment)
A1 mg/kg withnivolumabfor renal cell or colorectal cancer

Ah 0 KSNJ RNJMzZ34a | NB-dadxXdAl agdgtRROSR |
AModulate the immune system to promote activation
AUnclear what the effect these drugs have on adverse effects

ACan also combine with conventional chemotherapy or radiation

Barrose{ 2 dzal wX SiG Ff GLYOARSYOS 2F 9YyR2ONAYS 5eaFdzyOlA2yAC2f 2
Systematic Review and Metay | { SABIACancal 2018;4(2):173.82




Case 1

A63 y/o man with a history of chronioyelomonocytideukemia
AHe was enrolled in a clinical trial mizolumab+ azacitidine

AHe presented after 5 months of treatment with progressive headache
and 1 month of fatigue, cold intolerance, and low libido

AGiven symptoms his chemotherapy was canceled and he was
admitted for further evaluation

ANote: Fatigue is a side effect in ~50% of patients treated with CPIs



Labsc Drawn at 10:23 AM

AACTH 21 ATotal Testosterone:
ACortisol ALH:

ATSH AFSH: 4

AFree T4 AProlactin:

AUrine SG: 1.017



Hospital course

AStarted on empiric hydrocortisone

AGiven borderline cortisol level and rarity of
hypophysitis witlthivolumabhe was scheduled for a
low dose ( 1 mcg) ACTH stimulation test

AMRI of the pituitary ordered



MRI

ANew enlargement of pituitary compared to prior CT scan

AHeterogeneous enhancement with preserved posterior
bright spot



Hospital Course

ASignificant symptomatic improvement with
hydrocortisone.

AHydrocortisone held overnight and ACTH stimulation
test

Acortisol: 2.0> 11.0
AKept on maintenance dose hydrocortisone
ALevothyroxine added
ATestosterone deferred for outpatient management



Followup

ARepeat ACTH levels fell to
undetectable

ALow cortisol when
nydrocortisone held

AKept on levothyroxine given
continued iliness

AMRI enlar%ement ersisted f
2 months but resolved by
month 3

AProceeded to SCT

AEventually developed primar
hypogonadism




Checkpoint Inhibitor Induced Hypophysitis

AForm of lymphocytic hypophysitis
ANow becoming a leading cause of a rare condition

APresents with acut@ypophesedpituitary inflammation and
anterior pituitary deficiencies

Aln severe cases can have optic nerve compression
ACan lead to permanent deficiencies

ADifficult to classify in initial studies
AHypophysitis vs adrenal insufficiency vs hypothyroidism vs low TSH




Cancer adverse effegtading

ACommon Terminology Criteria for Adverse Effects
APublished by US Health & Human Services, NIH, NCI
AGrades adverse effects on @&lscale

Fasting glucose > Fasting glucose 161 Fasting glucose 251 Fasting glucose Death

160 mgAL 250 mgAdL 500 mgAL 500 mgAdL

Primarily assessesymptoms/lab abnormalities
Immunotherapy induces an autoimmuiagtackwhich causes ayndrome

CTCAE v4.0



Immunerelatedadverseevents ((AES

Alnduction of autoimmunity due to decreased self tolerance
ANormal proteins become antigens
AAnalogues of many autoimmune diseases have been reported

AMost treated with holding treatment and courses of steroids
AColitis
AArthritis

ADermatitis
AEndocrindrAEstend to persist despitsteroids
ANeed a new way to define/describe these events



IrAEGuiIdelines

APublished by American Society of Clinical Oncology in Feb 2018 to
address these toxicities

AGrades developed for each known condition
AMany are based more on symptoms than lab cutoffs
AAIll expert consensus basedrery little evidence

AGeneral recommendations
AGrade 1: continue with monitoring
AGrade 2: hold treatment and follow until grade 1 or less. Consider steroids
AGrade 3: hold treatment and start high dose steroids
AGrade 4: permanently stop treatment and start high dose steroids

AGeneral recommendations h b &ply to endocrine conditions

a | y-RelgdrAslyeise Exehts in Ratedry Beated With Immune Checkpoint Inhibitor Therapy: Anwgiegn S
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Hypophysitis Grading

Grading Management

G1: Asymptomatic or mild symptoms Considering holding ICPi until patient is stabilized on replacement hormones
Hormonal supplementation as needed, using dosing as above for primary
hypothyroidism and adrenal insufficiency (eg, hydrocortisone 10-20 mg
orally in the morning, 5-10 mg orally in early afternoon; levothyroxine by
weight)

Testosterone or estrogen therapy as needed in those without
contraindications

Endocrine consultation

Always start corticosteroids several days before thyroid hormone to
prevent precipitating adrenal crisis

Follow FT4 for thyroid hormone replacement titration (TSH is not accurate)

(G2: Moderate symptoms, able to perform ADL Consider holding ICPi until patient is stabilized on replacement hormones

Endocrine consultation
Hormonal supplementation as in G1

(G3-4: Severe symptoms, medically significant or life- Hold ICPi until patient is stabilized on replacement hormones

threatening consequences, unable to perform ADL Endocrine consultation
Hormonal supplementation as in G1
Consider initial pulse dose therapy with prednisone 1-2 mg/kg oral daily
(or equivalent) tapered over at least 1-2 weeks

BrahmerWw> S I f @ & al y-Reh®dAsveise Exehts in Ratedry Beated With Immune Checkpoint Inhibitor Therapy: Anwgiegn S
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What about preexisting autoimmune disease”?

AOften excluded from trials

ASome studies do suggest there is an increased risk of
additionalirAEs

ABULt is this a reason to hold treatment?
ANo clear guidelines



Presentatiorg ipilimumabinduced hypophysitis

ASeries of 98 patients at Harvard
AHeadache 71%
AFatigue 62%
ANausea 39%
ADizziness 11 %
A Altered mental status 9%
AMyalgiass%

ATiming of onset median 9.8 weeks (1.3.6)
ARadiographic pituitary enlargement in 88%

ASome pituitary deficiency in 93% at time of diagnosis

AGonadaB2%, Thyroid 78%\drenal 5%, low prolactin 51 %, IGF17%, high
prolactin 10%, Diabetes Insipidus 0%

Fajeet al.& | ADb$e Glucocorticoids for thEreatmetnof Ipilimumab Induced Hypophysitis is Associated with reduced Survival in Patients
GAGK aStly2YLl ¢ [(30300&MND6H.intmy.2018©61001H



Workup

AACTH & cortisol (ideally AM)

ATSH & free T4

ALH, FSH, & estradiol/Testosterone

ASerum sodium and urine SG¢mif symptoms of DI present (rare)
AMRI pituitary

ACan assess prolactin, GH/A@F 0 dzi R2y QU LINE DA

AACTH stimulation test not recommended as part of initial workup:
use with caution



Diagnosis

AMRI is time critical

I I B Resolved
oNot
resolved

LD HD Al LD HD Al LD HD Al
imoimoimo Zmo2mo2mo Imo3mo3imo

7 20 27 9 24 33 10 39 49

Fajeet al.a | ADb$e Glucocorticoids for thHeeatmetn2 ¥ L LJAf A YdzYl 6 LY RdzOSR

Cancer(2018) 62:289D0I10.1016/j.intimp.2018.06.001

Pre-
ipilimumab
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4 days prior
to diagnosis

A a

Hypophysitis
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4 days post=
diagnosis
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Incidence

AMeta-analysis of studies estimated:
ACombination therapy: 6.4%
ACTLA4: 3.2%
APD1: 0.4%
APDL1: <0.1

AHowever, varies greatly by study and dose
AUp to 18% in one studyusing 10 mg/kg dose

AUnderestimated in early studies?

Barrose{ 2 dzal wX SO | f®d® GLYOARSYOS 2F 9YR2ONAYS 5eafdzy Ol A
Regimens A systematic Review and Mety | { &adaOrAcél 2018;4(2):173.82



Outcomes

100.0%

AAs with many other _ o

CPI toxicities, there £ o

IS an aSSOCIatlon E | + Hypophysitis, median 28.2

Wlth imprOVEd § o 0% months, p=0.0003

outcomes o No hypophysits, median

9.7 months

Alncludes patients -

who got high and o

I(?[W d_(éSGS of v Mfadnthieaﬂt::3 staGr(:ing7i2pilir?14um:€l;) o

steoridas No. at risk:

+Hyp 64 48 33 23 15 6 4 1
6

No Hyp 216 88 66 33 20 15 2 2 1
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Cancer(2018) 62:289 DOI10.1016/j.intimp.2018.06.001



Treatment

ANot a clear benefit to high dose . |
steroids T N i oW
ARecommended for severe headache, " '

vision changes, or signs of optic nerve
compression

A Studies have not found an improveme
In recovery of pituitary function

ANo randomized data

ASuggestion in the data that those |-
givren Qligh dose steroids had worse RSN
urviv

HD, madan 23.3 months
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Fajeet al.a | AD®$€ Glucocorticoids for the Treatment of Ipilimumab Induced Hypophysitis is Associated with reduced Survival in
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Should you hold treatment?

AEvidence suggests that holding checkpoint inhibitors also
does not improve recovery of pituitary deficiencies

APotential therapeutic benefit, given better outcomes in
patients with toxicity

AOnce on stable replacement hydrocortisone/levothyroxine
and headache resolves ok to restart

AGRIF YF3S A& R2YySE
AStill at risk of otheirAEs

aAy [ Z Su [ -Hosedcériedsiersidiredimeft Sdg@knot improve the outcomépiimumabrelated hypophysitis:
I NB G NP & LIS O ThnSanddrZREEDNeIFebal b1 X4R)& 455



Clinical Course/Recovery

AFrom same set of 98 patients

A97% still had some pituitary deficiency:

A96% adrenal (57% at diagnosis)

A46% gonadal (82% at diagnosis)

A45% thyroid (78% at diagnosis)

A29 % low prolactin (51% at diagnosis) I
A25 % high prolactin (10% at diagnosis) — Checked less frequently
A6 % growth hormone/IGE (10% at diagnosis)
A0 % diabetes insipidus (0% at diagnosis)

Fajeet al.a | ADbge Glucocorticoids for thEreatmetnof Ipilimumab Induced Hypophysitis is Associated with reduced Survival in Patients
gAOK aSftly2Yl ¢ [30300G1N64.intimy.201806100H



Clinical Course/Recovery

AContinued need for steroids, need to convince - oncology
0SFY OKFGO NBLI F OSYSYU KeéRNR

Immunotherapy
ARecovery of ACTHuslikely
AMonitoring for recovery of thyroid and gonadal function

AUnclear if there is a difference between hypophysitis induced
by CTLAI and PBL1/L1 inhibitors

AGH treatment typically not recommended in patients with
active malignancy



Pitfalls In diagnosis

AMisinterpretation of labs
Alnappropriate timing of cortisol
ALow TSH high dose steroids
ALow T4 euthyroidsick

ASteroids
AFor otherirAEs

AMetastatic disease to pituitary

APrimarily presents in the posterior
pituitary with diabetes insipidus as mo
common symptom 42% |

)"

1S 23 SO Fftd aaSiladliAd Ay@d2t dSYSyd 2F GKS LA GdzA G FPNBtary3f | Y RY
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Case £ example of challenges

A72 year old man with history of prostate cancer
AOn levothyroxine for 23 years after total thyroidectomy for goiter

AOn a treatment regimen of
ALeuprolide acetate (Luprom)suppresses LH/FSH/testosterone
A Abiraterone(Zytigg ¢ prescribed with prednisone 5 mg twice daily
A Apalutamide(Erleadd ¢ can induce/worsen hypothyroidism
Alpilimumab
ADeveloped fatigue while oipilimumal had headache for 1 week

AReferred for MRI but declined due to travel arrangements



Case 2

0.27-4.2C2.47 3.59 3.18 3.00 0.43
mcunitmL

0.93-1.7C 1.37 1.04 134 124 1.15
ng/dL

80-200 161 139 157 130
ng/dL

7-63 122 (H)148 (H)40

pg/mL
193- 740

ng/dL

MRI done on return 2 months later did not show hypophysitis
Does he have hypophysitis?

0.76 1.48

0.71 0.79
L UL
136 92

2(L) 1)




Summary

ACheckpoint inhibitor induced hypophysitis is seen most
commonly withipilimumab
AMore common with higher doses
AMuch less common with RIY PDL1 inhibitors

AOnset around 9 weeks, but can vary
AResidual deficiencies common, particularly ACTH

ANo clear benefit and possible harm to high dose steroids
AUse only if clearly indicated

ACTLA4 inhibitors falling out of favor recenttymore focus on
PD1/L1




cases

A54 y/o man with a longstanding cheek mole which became
ulcerated

ADiagnosed as melanoma, resected without evidence of
disease at margins

Al year later new lung nodule noted on chesty

AReferred for CT: 1.6 cm R lower lobe nodule. CT guided
biopsy confirms metastatic melanoma

ADiagnosed with type 2 diabetes and hypertriglyceridemia
during this time



cases

AEnrolled in a clinical trial usirgpacadosta{lDO1) and
durvalumab(antiPDL1) every 2 weeks.

AOn enrollment he had blood glucose of 290, had
discontinued his diabetes medications, told to restart.

AL month later presents for cycle 3 with blood glucose
422 mgdL

AReferred for urgent evaluation



Diabetes history

ADiagnosed ~1 year ago when he had high blood glucose and
triglycerides at PCPs office

AStarted onsaxagliptiimetformin XR 5/1000 mg combination and
vascepe? capsules twice daily

AReports on this his blood glucose trended down to low to mid 100s,
rarely 200s

ARan out of medication the past week, he was taking twice daily
Instead of daily and ran out early

AAte a carbohydrate heavy dinner (with beers) the night before



In office

ARepeat finger stick glucose: 299 rdy/
APoint of care hemoglobin Alc: 8.2%

AAsymptomatic, feels these BG are out of the ordinary
but they have been this high off of treatment in the
past

ALast blood glucose on prior visit: 182 rdb/



Labs

137 | 101 | 14 /
43| 24 | 07\

BG spontaneously decreased to 260
Insulin: 18.4mIU/mL (229.1)
Gpeptide: 2.6 ng/mL (09.1)



cases

ANo outside records available

AGiven insulin in clinic for acute hyperglycemia, new
prescription for maximum dossaxagliptirand
metformin
AA2ZIR (2 a0GFNI G2RIFIé&x 02yl
AWarned about DKA symptoms

ABlood sugars improved the following day and received
his scheduled treatment



10 days later

APresented to local ED with persistent nausea vomiting
ABicarbonate: InEdL

AAnion Gap: 34

A4 + urine ketones

AGiven fluids, 1V insulin and 10 units of glargine
ASAAa0KFNABSR K2YS 6A0K YSUOTF2N]




2 days later

AReturned to local Emergency Department
ABicarbonate: SnEdL

AKept on insulin drip and discharged home witetermir 10
units twice daily

AReturned for followup 1 week later
AGpeptide: <0.1 ng/mL

AANti-GADG65: 0.12 nmol/L (<0.02)
AANti-IA-2: negative

ARepeat peptide 10 months later: <0.1



Checkpoint inhibitor induced diabetes

ANo clear diagnostic criteria or guidelines
AVariable presentation, time of onset, antibody status, HLA haplotypes

ATentative criteria
ANew onset or acutely progressive diabetes
APresentation with DKA is highly suggestive but not required
AClinical evidence of insulin deficiency/dependence

15 14 13 12 " 10 9 8 [ 6
412572016 5162016 512012016 6/6/2016 6/21/2016 71672016 Fi2012016 21172016 81212016 9/6/2016

0853 1003 0856 0815 1345 1404 0727 1324 1448 0944

98 * 93 * 99 * 93 * 113+ &  103* 91 * 100* 4 117+ 4| 285* 4




Early Reports afiabetesrelated to PBEL

Alnitial case series reported 2015
A5 patients with acute onset diabetes
A3/5 had positive antibodies, all had high risk HLA haplotypes

ATheorized due to prior studies on NOD mice

AEarly cases missed? Hyperglycemia categorized by CTCAE as an AE
no criteria for diabetes.

Fasting glucose > Fasting glucose 161 Fasting glucose 251 Fasting glucose Death

160 mgdL 250 mgdL 500 mgdL 500 mgAL

ANo clear cases dPM on CTLA monotherapy

Hughes], et al. Diabetes Care 2044 38
CTCAE v4.0



MD Anderson Data

APatients referred to the Endocrinology service at MD Anderson with
new onset or progressive hyperglycemia on ICIs

Alncluded if they were felt to meet criteria by treating endocrinologist

ACases independently reviewed by 2 other endocrinologists in the
practice and excluded if there was not agreement

A32 cases
ACollected between 4/2014 and 6/2018
A8.9 months mediarfiollow-up



Median age at presentation (range)
Male (%)

Caucasian (%)

Median BMI at presentation (range)

Cancer Type (%)

A Melanoma

A Renal cell carcinoma
A Lung

A Prostate cancer

A Other

ICl Type

A Anti PD1 monotherapy

A Anti PBL1 monotherapy

A Combination immunotherapy

62 (3283)

23 (72)

26 (81)
25.7(19.936.2)

14 (44)
5 (16)
3(9)

2 (6)

8 (25)

17 (53)
0
13 (41)

A Immunotherapy 4systemic chemotherapy 2 (6)

Other Cancer Types: glioblastoma, recaalgiosarcomaesophageal, hepatic,
ovarian, parotid, adenocarcinoma with unknown primary




Onset of Diabetes Our patients

AMedian time to onset of diabetes: 12.3 weeks (rang@713)

ATrend towards more rapid onset in patients with combination
therapy

AMedian 14.3 weeks osingle agenvs 6 week®sn dual
Immunotherapy(p= 0.07)

AAll patients require insulin at diagnosis
A77% reportedsome symptomsf diabetes prior tadiagnosis

AAt 31 /patients: 3962 patients received BIPD-L1 inhibitors:
0.78%

ASimilar to series bgtamatouliet al (27 pts): 0.9%

Stamatoull = SG Ff &/ 2t f EB5GIIEYIR SHI(Y I5AS Yo SLiySEdziLAYYR dzD@betess A 0 K/ K
2018;67:14711480



DKAC Our patients

AOverall 20 of 32 patients presented with DKA (62.5%)

ARate depended on severity of hyperglycemia on presentation
ACTCAE Grade 3 ( BG-3B0 mg/dL)
A2 out 7 (28%) presented with DKA
ACTCAE Grade 4 (BG > 500 mg/dL)
A18 of 25 (72%) presented with DKA

AOne case of euglycemic DKA in a patient started on-3@ihibitors
by his PCP for worsening hyperglycemia which deldyaghosis

AAmylase/Lipase checked on presentation in 19/32 patients (59%)
APositive in 6/19 (32%)




Cpeptide Levels

AGpeptide levels were assessed in 31 patients (97%)

AUndetectable (8.1)in 12 (39%)
ALow (<0.9 ng/mL) but detectable in 13 (42%)
Aln normal range (0:9.1 ng/mL) in 6 (19%)

AMany drawn while acutely hyperglycemic on presentation

AFollowup cpeptide levels assessed in gatients
AUndetectable in 14 (70%)
ALow but detectable in 6 (30%)
A18/20 had a decline ivalue

AAll patients with Ab had undetectable f/upeptide



Cpeptide (ng/mL)

Antibody Negative

Time (weeks)



Cpeptide (ng/mL)

Antibody Positive

Time (weeks)



Presentation

ACan be very rapid after detection of hyperglycemia

AOften, not detected at visits and DKA can be presenting
symptom

AEarly identification can prevent progression to DKA, but must
iInterveneimmediately

ASomepatientshave more gradual onset amuteceding mild
hyperglycemia . ” - -

3M6/2016 4/5/2016 41972016 51312016
1326 0724 0832 0846

CHEM PROFILE
Glucose Level 95 * 120+ = 156* ~ |  445* (]




Grading

Management

G1: Asymptomatic or mild symptoms; fasting glucose value
> ULN (160 mg/dL); fasting glucose value > ULN
(8.9 mmol/L); no evidence of ketosis or laboratory
evidence of TIDM

G2: Moderate symptoms, able to perform ADL, fasting glucose
value = 160-250 mg/dL; fasting glucose value > 8.9
13.9 mmol/L, ketosis or evidence of T1DM at any glucose
level

G3-4: Severe symptoms, medically significant or life-
threatening consequences, unable to perform ADL
G3: > 250-500 mg/dL (> 13.9-27.8 mmol/L)
G4: = 500 mg/dL (= 27.8 mmol/L)

Can continue ICPi with close clinical follow-up and laboratory evaluation
May initiate oral therapy for those with new-onset T2DM
Screen for T1DM if appropriate, for example, acute onset with prior normal
values or clinical concern for ketosis

May hold ICPi until glucose control is obtained
Titrate oral therapy or add insulin for worsening control in T2DM
Should administer insulin for T1DM (or as default therapy if there is
confusion about type)
Urgent endocrine consultation for any patient with T1DM; in the absence of
endocrinology, internal medicine may suffice
Consider admission for T1DM if early outpatient evaluation is not available
or signs of ketoacidosis are present

Hold ICPi until glucose control is obtained on therapy with reduction of toxicity
to G1 or less
Urgent endocrine consultation for all patients
Initiate insulin therapy for all patients
Admit for inpatient management: Concerns for developing DKA,
Symptomatic patients regardless of diabetes type, New-onset T1DM
unable to see endocrinology

AGroups all diabetes togethertype 1 and type 2

BrahmerWw> S I f @ & al y-Reh®dAsveise Exehts in Ratedry Beated With Immune Checkpoint Inhibitor Therapy: Anwgiegn S
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Management

ABasal/bolus insulin

ANo clear evidence of recovery in any cases
ACan restart treatment when patient is stable

ANo data on starting steroids specifically for diabetes
ANo suggestive data from studies on Type 1 Diabetes

AMultiple cases of patients developing diabetes with low ¢
peptide while on steroids for otharAEs



Monitoring recommendations

AGlucose at each treatment cycle for the first 12 weeks
then every 36 weeks thereafter

AEducation of oncology teams is critical
APatient awareness of symptoms of hyperglycemia

Ammediate initiation of insulin for patients with any
concern for new onset hyperglycemia while on-PD
1/L1 inhibitors

ATime of onset can vary widely, including after
treatment



Case&d

A34 year old man from South Korea with history of
chronic hepatitis B and metastatic HCC

APrior treatment withsurgery/ablationsand a clinical
trial using sorafenib with an experimental anti

endoglin antibody

ADue to progression enrolled in a clinical trial using
nivolumaband mogamulizumaliant-CCR4)

AA1c 4.9% on screening labs for tnial



Case&d

APresented for clearance for cycle 4 after 9 weeks

ANew onset hyperglycemia to 208 natl/
ALipase elevated to 1034

ANo acidosis or anion gap
ACT showed interval response with no pancreatitis noted

AFollowup 1 day later
ASome increase in chronic myalgias but otherwise no reported
complaints

AElevated lipase and glucose noted, felt likely related but not an
exclusion criteria by study design (both grade 2 AES)



Case&d

AThat evening presented to local ED with progressive nausea
and abdominal pain

ABG now elevated to 439

AAcidotic with CQof 15, anion gap of 34

AHemoglobin Alc: 5.3%

ATreated for DKA and discharged on basal/bolus insulin
AFollowup cpeptide levels 1 and 3 months later <0.1 ng/mL




Can we predict who will develop?

AAntibodies
APresent in around 50% of patients
AHLA typing
A17 of 27 patients in case series $tamtouliet al had testing
performed

A9 of 17 patients (53%) had a high risk HLA haplotype

AAt present timeg would patients decline therapy?
APotentially more options in the future
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Antibody Positivitg our patients

AAt least 1 antibody assessed in 94% of patients

GADG65 30 (94)

Insulin 26 (81)
Islet Cell 23 (72)
Zinc Transporter 8 4 (12.5)

ANo significant difference in time to onset of DM



Summary

ACheckpoint inhibitors can cause a rapid onset hyperglycemia
AOnset can be at any time, including after treatment finished

ASo far only clearly reported with PBPD-L1 inhibitors
(pembrolizumabnivolumal

AOver half of patients present in DKA

Alnsulin should be started immediately if there is any concern for
CPI induced diabetes

A Gpeptide and antibodies can guide therapy but are not diagnostic
ANo clear cases of recovery, need insulin ke
AThose with high risk HLA haplotypes may be at higher risk



Case 5

A41 y/o man with a history of metastatic alveolar soft part
sarcoma

AOnN dual checkpoint inhibitors witthurvalumab(PD 1
iInhibitor) andtremelimumab(CTLA4 inhibitor)

APreviously had colitis, treated with high dose steroids, now
resolved and restarted on treatment

ANo prior history of thyroid disease
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Case 5

ANo symptoms at all phases of hyper/hypothyroidism
ANow on 1.54 mcg/kg/day with stable levels

AADble to continue therapy with continued cancer
response



Thyroiditis Presentation

AHas been difficult to define in studies
AHyperthyroidism vs Hypothyroidism vs Thyroiditis

Aln our experience at MD Anderson:
AMajority of patients present with a brief hyperthyroid phase
AMost of these patients are minimally symptomatic
Aln most, there is a rapid progression to overt hypothyroidism

AMost will require relatively high replacement levothyroxine- (IL6
mcg/kg/day)

AAIl thyroiditis has been painless



MD Anderson Experience

A56 (8.5%) of 657 patients treated with CPIs over the study period
(Nov 2014 July 2016)

A4 hypothyroidism without evidence of thyroiditis
AH DNJ SaQ RA&aSlFas

A6 underlying thyroid disorder before therapy
A1l lack of baseline labs

A43 of 56 (77%) showed some evidence of thyrotoxicosis
A37 (86%) of these developed hypothyroidism

ASymptoms present during thyrotoxic phase in 33%, in hypothyroid
phase in 14%

AOnly 1 case on CT¥Amonotherapy tfemelimumab
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Time Course of Thyroiditis

Time to thyrotoxicosis Thyrotoxic phase Hypothyroid phase
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Time to hypothyroidism
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Timeline in weeks
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4.1 Thyroid

4.1.1 Primary hypothyroidism

Definition: Elevated TSH, normal or low FT4

Diagnostic work-up

TSH and FT4 every 4-6 weeks as part of routine clinical monitoring on therapy or for case detection in symptomatic patients

Grading Management

G1: TSH < 10 mlIU/L and asymptomatic Should continue ICPi with close follow-up and monitoring of TSH, FT4

(G2: Moderate symptoms; able to perform ADL; TSH May hold ICPi until symptoms resolve to baseline
persistently > 10 mlU/L Consider endocrine consultation
Prescribe thyroid hormone supplementation in symptomatic patients with any
degree of TSH elevation or in asymptomatic patients with TSH levels that
persist > 10 mlU/L (measured 4 weeks apart)
Monitor TSH every 6-8 weeks while titrating hormone replacement to normal TSH
FT4 can be used in the short term (2 weeks) to ensure adequacy of therapy in
those with frank hypothyroidism where the FT4 was initially low
Once adeguately treated, should monitor thyroid function (at least TSH) every 6
weeks while on active ICPi therapy or as needed for symptoms to ensure
appropriate replacement; repeat testing annually or as indicated by symptoms
once stable
(G3-4: Severe symptoms, medically significant or life- Hold ICPi until symptoms resolve to baseline with appropriate
threatening consequences, unable to perform ADL supplementation
Endocrine consultation
May admit for IV therapy if signs of myxedema (bradycardia, hypothermia)
Thyroid supplementation and reassessment as in G2
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Grading hyperthyroidism



