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Disclosures

ÅNothing to Disclose



Endocrinology and Cancer ςa management 
spectrum
ÅPrimary endocrine tumors
ÅHormone secreting or non-secreting

ÅGlands resected/damaged by cancer/treatment
ÅHypothyroidism, hypoparathyroidism, adrenal insufficiency, etc.

ÅEndocrine Effects of Cancer Therapy
ÅFertility, hyperglycemia, hyperlipidemia, hypothyroidism, bone health

ÅParaneoplastic Syndromes from non-endocrine cancers
ÅIȅǇŜǊŎŀƭŎŜƳƛŀ ƻŦ ƳŀƭƛƎƴŀƴŎȅΣ {L!5IΣ /ǳǎƘƛƴƎΩǎ ǎȅƴŘǊƻƳŜ

Endocrinology

Oncology



9ƴŘƻŎǊƛƴƻƭƻƎƛǎǘΩǎ ǊƻƭŜ ŦƻǊ ŀ ŎŀƴŎŜǊ ǇŀǘƛŜƴǘ

ÅtŀǘƛŜƴǘΩǎ ŦƻŎǳǎ ƛǎ ǳǎǳŀƭƭȅ ŎŀƴŎŜǊ ϧ ǘǊŜŀǘƳŜƴǘ ƴƻǘ ǘƘŜƛǊ 
endocrine disorder

ÅDepends on overall goals of cancer care

ÅImprove quality of life without excessive burden of 
treatment

ÅImprove patient safety

ÅTake time/burden of management off of oncology team

ÅKeep in clinical trials



Targeted therapies ςthe future of oncology

ÅModern treatments are less cytotoxic

ÅTargets are more specific
ÅMutated signaling pathways ςoften growth pathways

ÅCAR-T therapy 

ÅImmunotherapy

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

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



Oncology treatments with endocrine effects

ÅSteroids - hyperglycemia

ÅCytotoxic chemotherapy ςhypogonadism

ÅRadiation ςhypothyroidism, hypogonadism

ÅmTORinhibitors ςhyperglycemia and lipid disorders

ÅTyrosine Kinase Inhibitors ςhyperglycemia and thyroid disorders

ÅOther medicationsςbexarotene, abiraterone

ÅCheckpoint inhibitors
ÅEndocrine system is prone to autoimmune attacks



Targeted Therapy and Hyperglycemia

DƻƭŘƳŀƴ WΦ Ŝǘ ŀƭ άIȅǇŜǊƎƭȅŎŜƳƛŀ !ǎǎƻŎƛŀǘŜŘ ǿƛǘƘ ¢ŀǊƎŜǘŜŘ hƴŎƻƭƻƎƛŎ ¢ǊŜŀǘƳŜƴǘΥ aŜŎƘŀƴƛǎƳǎ ŀƴŘ aŀƴŀƎŜƳŜƴǘέ The Oncologist2016; 21:1326ς1336
PopuloIΣ Ŝǘ ŀƭ άǘƘŜ mTORSignallingtŀǘƘǿŀȅ ƛƴ IǳƳŀƴ /ŀƴŎŜǊέ Int J Mol Sci.2012; 13(2):1886-1918

mTOR
Everolimusς7-93%
Temsirolimusς7-76 %

MEK
Selumentinib- none
Trametinib- none

BRAF
Vemurafenibςnone
Dabrafenibς49-50%

PI3K/AKT Kinase inhibitors
Multiple in studies with 
hyperglycemia rates ranging 
from 2-93%

EGFR
Gefitinibς5%
Rociletinibς46%

IGF receptor Ab
Multiple in studies with 
hyperglycemia rates ranging 
from 10-100%



Background

ÅCheckpoint inhibitors 
introduced as cancer 
therapy in 2011

ÅCTLA-4 inhibitors 
followed by PD-1 
inhibitors in 2014  

Iwai et al. Journal of Biomedical Science (2017) 24:26 DOI 10.1186/s12929-017-0329-9



ÅT-cell needs co-stimulation to activate. Suppressive signals prevent auto-
immunity

Å.ȅ ƛƴƘƛōƛǘƛƴƎ ǘƘƛǎ ǎƛƎƴŀƭ ǿŜ Ŏŀƴ ƛƴŎǊŜŀǎŜ ǊŜǎǇƻƴǎŜ ǘƻ ŎŀƴŎŜǊ άneoantigensέ

Activation

Inhibition

Activation

Iwai et al. Journal of Biomedical Science (2017) 24:26 DOI 10.1186/s12929-017-0329-9
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CTLA-4 vs PD-1/PD-L1

ÅCTLA-4 functions early in T-cell activation
ÅExpressed on dendritic/antigen presenting cells in lymph nodes

ÅPD-1/L1 functions in the tumor microenvironment
ÅPD-L1 expressed on tumor cells

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

ÅPD-1 expressed on T-cells

ÅDifferent sites of activation lead to different side effect 
profiles

Hargadonet al. άLƳƳǳƴŜ ŎƘŜŎƪǇƻƛƴǘ ōƭƻŎƪŀŘŜ ǘƘŜǊŀǇȅ ŦƻǊ ŎŀƴŎŜǊΥ !ƴ ƻǾŜǊǾƛŜǿ ƻŦ C5!-ŀǇǇǊƻǾŜŘ ƛƳƳǳƴŜ ŎƘŜŎƪǇƻƛƴǘ ƛƴƘƛōƛǘƻǊǎέ 
International Immunopharmacology(2018) 62:29-39 DOI 10.1016/j.intimp.2018.06.001



Currently Available agents
ÅCTLA-4

ÅIpilimumab (Yervoy) ςFDA approved: malignant melanoma

ÅTremelimumabςIn studies for melanoma and mesothelioma (orphan)

ÅPD-1

ÅPembrolizumab(Keytruda) ςb{/[/Σ IŜŀŘ ŀƴŘ bŜŎƪ {//Σ IƻŘƎƪƛƴΩǎ ƭȅƳǇƘƻƳŀ

ÅNivolumab(Opdivo) ςƳŜƭŀƴƻƳŀΣ b{/[/Σ w//Σ IƻŘƎƪƛƴΩǎ ƭȅƳǇƘƻƳŀΣ ǳǊƻǘƘŜƭƛŀƭΣ 
H&N SCC

ÅCemiplimabςmetastatic cutaneous squamous cell cancer

ÅPD-L1

ÅDurvalumabςUrothelial and NSCLC

ÅAtezolizumabςUrothelial and NSCLC

ÅAvelumabςMerkel cell carcinoma



What increases the risk of side effects?

ÅCombination ipilimimumab/nivolumabhas been studied in melanoma
ÅIncreased efficacy but increased rates of adverse effects
Å59% for combo vs 28% for ipilimumaband 21% for nivolumab

ÅSide effects are dose dependent ςdose can vary significantly
ÅIpilimumab ς3 mg/kg for metastatic disease
Å10 mg/kg for adjuvant (curative treatment)
Å1 mg/kg with nivolumabfor renal cell or colorectal cancer

ÅhǘƘŜǊ ŘǊǳƎǎ ŀǊŜ ōŜƛƴƎ ǎǘǳŘƛŜŘ ŀǎ άŎƻ-ǎǘƛƳǳƭŀǘƻǊǎΩ 
ÅModulate the immune system to promote activation
ÅUnclear what the effect these drugs have on adverse effects

ÅCan also combine with conventional chemotherapy or radiation

Barroso-{ƻǳǎŀ wΣ Ŝǘ ŀƭ άLƴŎƛŘŜƴŎŜ ƻŦ 9ƴŘƻŎǊƛƴŜ 5ȅǎŦǳƴŎǘƛƻƴ CƻƭƭƻǿƛƴƎ ǘƘŜ ¦ǎŜ ƻŦ ŀ 5ƛŦŦŜǊŜƴǘ LƳƳǳƴŜ /ƘŜŎƪǇƻƛƴǘ LƴƘƛōƛǘƻǊ wŜƎƛƳŜƴǎA 
Systematic Review and Meta-ŀƴŀƭȅǎƛǎέ JAMA Concol. 2018;4(2):173-182 



Case 1

Å63 y/o man with a history of chronic myelomonocyticleukemia

ÅHe was enrolled in a clinical trial of nivolumab+ azacitidine

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

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

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



Labs ςDrawn at 10:23 AM

ÅACTH 21
ÅCortisol 4.1
ÅTSH 0.38
ÅFree T4: 0.24

ÅTotal Testosterone: <20
ÅLH: <0.7
ÅFSH: 4
ÅProlactin: 2.2
ÅUrine SG: 1.017



Hospital course

ÅStarted on empiric hydrocortisone

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

ÅMRI of the pituitary ordered



MRI

ÅNew enlargement of pituitary compared to prior CT scan

ÅHeterogeneous enhancement with preserved posterior 
bright spot



Hospital Course

ÅSignificant symptomatic improvement with 
hydrocortisone.

ÅHydrocortisone held overnight and ACTH stimulation 
test
Åcortisol: 2.0 -> 11.0

ÅKept on maintenance dose hydrocortisone

ÅLevothyroxine added 

ÅTestosterone deferred for outpatient management



Follow-up
ÅRepeat ACTH levels fell to 

undetectable
ÅLow cortisol when 

hydrocortisone held
ÅKept on levothyroxine given 

continued illness
ÅMRI enlargement persisted for 

2 months but resolved by 
month 3
ÅProceeded to SCT
ÅEventually developed primary 

hypogonadism



Checkpoint Inhibitor Induced Hypophysitis

ÅForm of lymphocytic hypophysitis 
ÅNow becoming a leading cause of a rare condition

ÅPresents with acute hypopheseal/pituitary inflammation and 
anterior pituitary deficiencies

ÅIn severe cases can have optic nerve compression

ÅCan lead to permanent deficiencies

ÅDifficult to classify in initial studies
ÅHypophysitis vs adrenal insufficiency vs hypothyroidism vs low TSH



Cancer adverse effect grading

ÅCommon Terminology Criteria for Adverse Effects
ÅPublished by US Health & Human Services, NIH, NCI

ÅGrades adverse effects on a 1-5 scale

Grade 1 Grade 2 Grade 3 Grade 4 Grade 5

Fasting glucose > 
160 mg/dL

Fasting glucose 161-
250 mg/dL

Fasting glucose 251-
500 mg/dL

Fasting glucose> 
500 mg/dL

Death

CTCAE v4.0

Primarily assesses symptoms/lab abnormalities
Immunotherapy induces an autoimmune attack which causes a syndrome



Immune-related adverse events (irAEs)

ÅInduction of autoimmunity due to decreased self tolerance
ÅNormal proteins become antigens
ÅAnalogues of many autoimmune diseases have been reported

ÅMost treated with holding treatment and courses of steroids
ÅColitis
ÅArthritis
ÅDermatitis

ÅEndocrine irAEstend to persist despite steroids

ÅNeed a new way to define/describe these events



irAEGuidelines
ÅPublished by American Society of Clinical Oncology in Feb 2018 to 

address these toxicities

ÅGrades developed for each known condition
ÅMany are based more on symptoms than lab cutoffs

ÅAll expert consensus based ςvery little evidence

ÅGeneral recommendations
ÅGrade 1: continue with monitoring

ÅGrade 2: hold treatment and follow until grade 1 or less. Consider steroids

ÅGrade 3: hold treatment and start high dose steroids

ÅGrade 4: permanently stop treatment and start high dose steroids

ÅGeneral recommendations 5hbΩ¢apply to endocrine conditions

BrahmerWΣ Ŝǘ ŀƭΦ άaŀƴŀƎŜƳŜƴǘ ƻŦ LƳƳǳƴŜ-Related Adverse Events in Patients Treated With Immune Checkpoint Inhibitor Therapy: American Society 
ƻŦ /ƭƛƴƛŎŀƭ hƴŎƻƭƻƎȅ /ƭƛƴƛŎŀƭ tǊŀŎǘƛŎŜ DǳƛŘŜƭƛƴŜέ J ClinOncol36:1714-1768



Hypophysitis Grading

BrahmerWΣ Ŝǘ ŀƭΦ άaŀƴŀƎŜƳŜƴǘ ƻŦ LƳƳǳƴŜ-Related Adverse Events in Patients Treated With Immune Checkpoint Inhibitor Therapy: American Society 
ƻŦ /ƭƛƴƛŎŀƭ hƴŎƻƭƻƎȅ /ƭƛƴƛŎŀƭ tǊŀŎǘƛŎŜ DǳƛŘŜƭƛƴŜέ J ClinOncol36:1714-1768



What about preexisting autoimmune disease?

ÅOften excluded from trials

ÅSome studies do suggest there is an increased risk of 
additional irAEs

ÅBut is this a reason to hold treatment?

ÅNo clear guidelines



Presentation ςipilimumabinduced hypophysitis
ÅSeries of 98 patients at Harvard
ÅHeadache 71%
ÅFatigue 62%
ÅNausea 39%
ÅDizziness 11 %
ÅAltered mental status 9%
ÅMyalgias6%

ÅTiming of onset median 9.8 weeks (7.3-12.6)

ÅRadiographic pituitary enlargement in 88%

ÅSome pituitary deficiency in 93% at time of diagnosis
ÅGonadal 82%, Thyroid 78%,Adrenal 57%, low prolactin 51 %, IGF-1 17%, high 

prolactin 10%, Diabetes Insipidus 0%

Fajeet al. άIƛƎƘ-Dose Glucocorticoids for the Treatmetnof Ipilimumab Induced Hypophysitis is Associated with reduced Survival in Patients 
ǿƛǘƘ aŜƭŀƴƻƳŀέ /ŀƴŎŜǊόнлмуύ снΥнф-39 DOI 10.1016/j.intimp.2018.06.001



Workup

ÅACTH & cortisol (ideally AM)

ÅTSH & free T4

ÅLH, FSH, & estradiol/Testosterone

ÅSerum sodium and urine SG/Osmif symptoms of DI present (rare)

ÅMRI pituitary

ÅCan assess prolactin, GH/IGF-м ōǳǘ ŘƻƴΩǘ ǇǊƻǾƛŘŜ ƳǳŎƘ ƎǳƛŘŀƴŎŜ

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



Diagnosis
ÅMRI is time critical

Fajeet al. άIƛƎƘ-Dose Glucocorticoids for the TreatmetnƻŦ LǇƛƭƛƳǳƳŀō LƴŘǳŎŜŘ IȅǇƻǇƘȅǎƛǘƛǎ ƛǎ !ǎǎƻŎƛŀǘŜŘ ǿƛǘƘ ǊŜŘǳŎŜŘ {ǳǊǾƛǾŀƭ ƛƴ tŀǘƛŜƴǘǎ ǿƛǘƘ aŜƭŀƴƻƳŀέ 
Cancer(2018) 62:29-39 DOI 10.1016/j.intimp.2018.06.001



Incidence

ÅMeta-analysis of studies estimated:
ÅCombination therapy: 6.4%

ÅCTLA-4: 3.2%

ÅPD-1: 0.4%

ÅPD-L1: <0.1

ÅHowever, varies greatly by study and dose
ÅUp to 18% in one study ςusing 10 mg/kg dose

ÅUnderestimated in early studies?

Barroso-{ƻǳǎŀ wΣ Ŝǘ ŀƭΦ άLƴŎƛŘŜƴŎŜ ƻŦ 9ƴŘƻŎǊƛƴŜ 5ȅǎŦǳƴŎǘƛƻƴ CƻƭƭƻǿƛƴƎ ǘƘŜ ¦ǎŜ ƻŦ 5ƛŦŦŜǊŜƴǘ LƳƳǳƴŜ /ƘŜŎƪǇƻƛƴǘ LƴƘƛōƛǘƻǊ 
Regimens A systematic Review and Meta-ŀƴŀƭȅǎƛǎέ Jama Oncol. 2018;4(2):173-182 



Outcomes

ÅAs with many other 
CPI toxicities, there 
is an association 
with improved 
outcomes

ÅIncludes patients 
who got high and 
low doses of 
steorids

Fajeet al. άIƛƎƘ-Dose Glucocorticoids for the TreatmetnƻŦ LǇƛƭƛƳǳƳŀō LƴŘǳŎŜŘ IȅǇƻǇƘȅǎƛǘƛǎ ƛǎ !ǎǎƻŎƛŀǘŜŘ ǿƛǘƘ ǊŜŘǳŎŜŘ {ǳǊǾƛǾŀƭ ƛƴ tŀǘƛŜƴǘǎ ǿƛǘƘ aŜƭŀƴƻƳŀέ 
Cancer(2018) 62:29-39 DOI 10.1016/j.intimp.2018.06.001



Treatment
ÅNot a clear benefit to high dose 

steroids
ÅRecommended for severe headache, 

vision changes, or signs of optic nerve 
compression

ÅStudies have not found an improvement 
in recovery of pituitary function

ÅNo randomized data

ÅSuggestion in the data that those 
given high dose steroids had worse 
survival

aƛƴ [Σ Ŝǘ ŀƭ ά{ȅǎǘŜƳƛŎ ƘƛƎƘ-dose corticosteroid treatment does not improve the outcome of ipilimumab-ǊŜƭŀǘŜŘ ƘȅǇƻǇƘȅǎƛǘƛǎΥ ŀ ǊŜǘǊƻǎǇŜŎǘƛǾŜ ŎƻƘƻǊǘ ǎǘǳŘȅέ Clin
Cancer Res. 2015 Feb 15;21(4):749-55

Fajeet al. άIƛƎƘ-Dose Glucocorticoids for the Treatment of Ipilimumab Induced Hypophysitis is Associated with reduced Survival in 
tŀǘƛŜƴǘǎ ǿƛǘƘ aŜƭŀƴƻƳŀέ /ŀƴŎŜǊόнлмуύ снΥнф-39 DOI 10.1016/j.intimp.2018.06.001



Should you hold treatment?

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

ÅPotential therapeutic benefit, given better outcomes in 
patients with toxicity

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

ÅάŘŀƳŀƎŜ ƛǎ ŘƻƴŜέ

ÅStill at risk of other irAEs

aƛƴ [Σ Ŝǘ ŀƭ ά{ȅǎǘŜƳƛŎ ƘƛƎƘ-dose corticosteroid treatment does not improve the outcome of ipilimumab-related hypophysitis: 
ŀ ǊŜǘǊƻǎǇŜŎǘƛǾŜ ŎƻƘƻǊǘ ǎǘǳŘȅέ ClinCancer Res. 2015 Feb 15;21(4):749-55



Clinical Course/Recovery

ÅFrom same set of 98 patients

Å97% still had some pituitary deficiency:
Å96% adrenal   (57% at diagnosis)

Å46% gonadal  (82% at diagnosis)

Å45% thyroid  (78% at diagnosis)

Å29 % low prolactin  (51% at diagnosis)

Å25 % high prolactin  (10% at diagnosis)

Å6 % growth hormone/IGF-1  (10% at diagnosis)

Å0 % diabetes insipidus  (0% at diagnosis)

Checked less frequently

Fajeet al. άIƛƎƘ-Dose Glucocorticoids for the Treatmetnof Ipilimumab Induced Hypophysitis is Associated with reduced Survival in Patients 
ǿƛǘƘ aŜƭŀƴƻƳŀέ /ŀƴŎŜǊόнлмуύ снΥнф-39 DOI 10.1016/j.intimp.2018.06.001



Clinical Course/Recovery

ÅContinued need for steroids, need to convince oncology 
ǘŜŀƳ ǘƘŀǘ ǊŜǇƭŀŎŜƳŜƴǘ ƘȅŘǊƻŎƻǊǘƛǎƻƴŜ ǿƻƴΩǘ ƛƴǘŜǊŦŜǊŜ ǿƛǘƘ 
immunotherapy

ÅRecovery of ACTH is unlikely

ÅMonitoring for recovery of thyroid and gonadal function

ÅUnclear if there is a difference between hypophysitis induced 
by CTLA-4 and PD-1/L1 inhibitors

ÅGH treatment typically not recommended in patients with 
active malignancy



Pitfalls in diagnosis

ÅMisinterpretation of labs
ÅInappropriate timing of cortisol

ÅLow TSH ςhigh dose steroids

ÅLow T4 ςeuthyroidsick

ÅSteroids
ÅFor other irAEs

ÅMetastatic disease to pituitary
ÅPrimarily presents in the posterior 

pituitary with diabetes insipidus as most 
common symptom 42%

IŜ ²Σ Ŝǘ ŀƭΦ άaŜǘŀǎǘŀǘƛŎ ƛƴǾƻƭǾŜƳŜƴǘ ƻŦ ǘƘŜ ǇƛǘǳƛǘŀǊȅ ƎƭŀƴŘΥ ŀ ǎȅǎǘŜƳŀǘƛŎ ǊŜǾƛŜǿ ǿƛǘƘ ǇƻƻƭŜŘ ƛƴŘƛǾƛŘǳŀƭ ǇŀǘŜƴǘ Řŀǘŀ ŀƴŀƭȅǎƛǎέPituitary
(2015) 18:159-168



Case 2 ςexample of challenges

Å72 year old man with history of prostate cancer

ÅOn levothyroxine for 23 years after total thyroidectomy for goiter

ÅOn a treatment regimen of
ÅLeuprolide acetate (Lupron) ςsuppresses LH/FSH/testosterone

ÅAbiraterone(Zytiga) ςprescribed with prednisone 5 mg twice daily

ÅApalutamide(Erleada) ςcan induce/worsen hypothyroidism

ÅIpilimumab

ÅDeveloped fatigue while on ipilimumab, had headache for 1 week

ÅReferred for MRI but declined due to travel arrangements



Case 2
Component Latest Ref 

Rng& 
Units

10/8/
2018

10/31/
2018

11/11/
2018

12/10/
2018

12/31/
2018

1/23/
2019

2/10/
2019

3/4/2
019

3/25/2
019

TSH 0.27 - 4.20 
mcunit/mL

2.47 3.59 3.18 3.00 0.43 0.04 
(L)

0.76 1.48

T4 Free 0.93 - 1.70 
ng/dL

1.37 1.04 1.34 1.24 1.15 0.96 0.71 
(L)

0.79 
(L)

T3 Total 80 - 200 
ng/dL

161 139 157 130 124 136 92

ACTH 7 - 63 
pg/mL

122 (H)148 (H)40 3 (L) 2 (L) 1 (L)

Testoster Tot 193 - 740 
ng/dL

<3 (L)

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



Summary

ÅCheckpoint inhibitor induced hypophysitis is seen most 
commonly with ipilimumab
ÅMore common with higher doses

ÅMuch less common with PD-1/ PD-L1 inhibitors

ÅOnset around 9 weeks, but can vary

ÅResidual deficiencies common, particularly ACTH

ÅNo clear benefit and possible harm to high dose steroids
ÅUse only if clearly indicated

ÅCTLA-4 inhibitors falling out of favor recently ςmore focus on 
PD1/L1



Case 3

Å54 y/o man with a longstanding cheek mole which became 
ulcerated

ÅDiagnosed as melanoma, resected without evidence of 
disease at margins

Å1 year later new lung nodule noted on chest x-ray

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

ÅDiagnosed with type 2 diabetes and hypertriglyceridemia 
during this time



Case 3

ÅEnrolled in a clinical trial using epacadostat(IDO1) and 
durvalumab(anti PD-L1) every 2 weeks.

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

Å1 month later presents for cycle 3 with blood glucose 
422 mg/dL

ÅReferred for urgent evaluation



Diabetes history

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

ÅStarted on saxagliptin/metformin XR 5/1000 mg combination and 
vascepa2 capsules twice daily

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

ÅRan out of medication the past week, he was taking twice daily 
instead of daily and ran out early

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



In office

ÅRepeat finger stick glucose: 299 mg/dL

ÅPoint of care hemoglobin A1c: 8.2%

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

ÅLast blood glucose on prior visit: 182 mg/dL



Labs

137

4.3

101

24

14

0.7
422

BG spontaneously decreased to 260
Insulin: 18.4 mIU/mL (2-29.1)
C-peptide: 2.6 ng/mL (0.9-7.1)



Case 3

ÅNo outside records available
ÅGiven insulin in clinic for acute hyperglycemia, new 
prescription for maximum dose saxagliptinand 
metformin
Å¢ƻƭŘ ǘƻ ǎǘŀǊǘ ǘƻŘŀȅΣ ŎƻƴǘŀŎǘ ǳǎ ƛŦ .D ŘƻƴΩǘ ƴƻǊƳŀƭƛȊŜ
ÅWarned about DKA symptoms
ÅBlood sugars improved the following day and received 
his scheduled treatment



10 days later

ÅPresented to local ED with persistent nausea vomiting

ÅBicarbonate: 9 mEq/L

ÅAnion Gap: 34

Å4 + urine ketones

ÅGiven fluids, IV insulin and 10 units of glargine

Å5ƛǎŎƘŀǊƎŜŘ ƘƻƳŜ ǿƛǘƘ ƳŜǘŦƻǊƳƛƴ ŀƴŘ ƎƭƛǇƛȊƛŘŜ όŘƛŘƴΩǘ Ŧƛƭƭύ



2 days later

ÅReturned to local Emergency Department

ÅBicarbonate: 5 mEq/L

ÅKept on insulin drip and discharged home with Determir10 
units twice daily

ÅReturned for follow-up 1 week later

ÅC-peptide: <0.1 ng/mL

ÅAnti-GAD65: 0.12 nmol/L (<0.02)

ÅAnti-IA-2: negative

ÅRepeat C-peptide 10 months later: <0.1



Checkpoint inhibitor induced diabetes

ÅNo clear diagnostic criteria or guidelines

ÅVariable presentation, time of onset, antibody status, HLA haplotypes

ÅTentative criteria
ÅNew onset or acutely progressive diabetes

ÅPresentation with DKA is highly suggestive but not required

ÅClinical evidence of insulin deficiency/dependence
DKA



Early Reports of diabetes related to PD-1

ÅInitial case series reported in 2015
Å5 patients with acute onset diabetes
Å3/5 had positive antibodies, all had high risk HLA haplotypes

ÅTheorized due to prior studies on NOD mice

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

ÅNo clear cases of DM on CTLA-4 monotherapy

Hughes J, et al. Diabetes Care 2015 vol 38
CTCAE v4.0

Grade 1 Grade 2 Grade 3 Grade 4 Grade 5

Fasting glucose > 
160 mg/dL

Fasting glucose 161-
250 mg/dL

Fasting glucose 251-
500 mg/dL

Fasting glucose> 
500 mg/dL

Death



MD Anderson Data

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

ÅIncluded if they were felt to meet criteria by treating endocrinologist

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

Å32 cases

ÅCollected between 4/2014 and 6/2018

Å8.9 months median follow-up



Patient Demographics n=32
Median age at presentation (range) 62 (32-83)

Male (%) 23 (72)

Caucasian (%) 26 (81)

Median BMI at presentation (range) 25.7(19.9-36.2)

Cancer Type (%)
ÅMelanoma
ÅRenal cell carcinoma
ÅLung
ÅProstate cancer
ÅOther

14 (44)
5 (16)
3 (9)
2 (6)
8 (25)

ICI Type
ÅAnti PD-1 monotherapy
ÅAnti PD-L1 monotherapy
ÅCombination immunotherapy
Å Immunotherapy +systemic chemotherapy

17 (53)
0
13 (41)
2 (6)

Other Cancer Types: glioblastoma, rectal, angiosarcoma, esophageal, hepatic, 
ovarian, parotid, adenocarcinoma with unknown primary



Onset of Diabetes ςOur patients

ÅMedian time to onset of diabetes: 12.3 weeks (range 1-67.3)
ÅTrend towards more rapid onset in patients with combination 

therapy 
ÅMedian 14.3 weeks on single agent vs 6 weeks on dual 

immunotherapy (p= 0.07)
ÅAll patients require insulin at diagnosis 
Å77% reported some symptoms of diabetes prior to diagnosis
ÅAt 31 patients: 3962 patients received PD-1/PD-L1 inhibitors: 

0.78%
ÅSimilar to series by Stamatouliet al (27 pts): 0.9%

Stamatouli!Σ Ŝǘ ŀƭ ά/ƻƭƭŀǘŜǊŀƭ 5ŀƳŀƎŜΥ Lƴǎǳƭƛƴ-5ŜǇŜƴŘŜƴǘ 5ƛŀōŜǘŜǎ LƴŘǳŎŜŘ ǿƛǘƘ /ƘŜŎƪǇƻƛƴǘ LƴƘƛōƛǘƻǊǎέ Diabetes 
2018;67:1471-1480



DKA ςOur patients

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

ÅRate depended on severity of hyperglycemia on presentation

ÅCTCAE Grade 3 ( BG 250-500 mg/dL)

Å2 out 7 (28%) presented with DKA

ÅCTCAE Grade 4 (BG > 500 mg/dL)

Å18 of 25 (72%) presented with DKA

ÅOne case of euglycemic DKA in a patient started on SGLT-2 inhibitors 
by his PCP for worsening hyperglycemia which delayed diagnosis

ÅAmylase/Lipase checked on presentation in 19/32 patients (59%)
ÅPositive in 6/19 (32%)



C-peptide Levels

ÅC-peptide levels were assessed in 31 patients (97%)
ÅUndetectable (<0.1) in 12  (39%)
ÅLow (<0.9 ng/mL) but detectable in 13 (42%)
ÅIn normal range (0.9-7.1 ng/mL) in 6 (19%) 

ÅMany drawn while acutely hyperglycemic on presentation

ÅFollow-up c-peptide levels assessed in 20 patients
ÅUndetectable in 14 (70%) 
ÅLow but detectable in 6 (30%)
Å18/20 had a decline in value

ÅAll patients with Ab had undetectable f/u c-peptide
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Presentation
ÅCan be very rapid after detection of hyperglycemia

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

ÅEarly identification can prevent progression to DKA, but must 
intervene immediately 

ÅSome patients have more gradual onset and preceding mild 
hyperglycemia



Grading

ÅGroups all diabetes together ςtype 1 and type 2
BrahmerWΣ Ŝǘ ŀƭΦ άaŀƴŀƎŜƳŜƴǘ ƻŦ LƳƳǳƴŜ-Related Adverse Events in Patients Treated With Immune Checkpoint Inhibitor Therapy: American Society 
ƻŦ /ƭƛƴƛŎŀƭ hƴŎƻƭƻƎȅ /ƭƛƴƛŎŀƭ tǊŀŎǘƛŎŜ DǳƛŘŜƭƛƴŜέ J ClinOncol36:1714-1768



Management

ÅBasal/bolus insulin

ÅNo clear evidence of recovery in any cases
ÅCan restart treatment when patient is stable

ÅNo data on starting steroids specifically for diabetes
ÅNo suggestive data from studies on Type 1 Diabetes
ÅMultiple cases of patients developing diabetes with low c-

peptide while on steroids for other irAEs



Monitoring recommendations

ÅGlucose at each treatment cycle for the first 12 weeks 
then every 3-6 weeks thereafter
ÅEducation of oncology teams is critical
ÅPatient awareness of symptoms of hyperglycemia

ÅImmediate initiation of insulin for patients with any 
concern for new onset hyperglycemia while on PD-
1/L1 inhibitors
ÅTime of onset can vary widely, including after 
treatment 



Case 4

Å34 year old man from South Korea with history of 
chronic hepatitis B and metastatic HCC

ÅPrior treatment with surgery/ablations and a clinical 
trial using sorafenib with an experimental anti-
endoglin antibody

ÅDue to progression enrolled in a clinical trial using 
nivolumaband mogamulizumab(anti-CCR4)

ÅA1c 4.9% on screening labs for his trial



Case 4

ÅPresented for clearance for cycle 4 after 9 weeks

ÅNew onset hyperglycemia to 208 mg/dL

ÅLipase elevated to 1034

ÅNo acidosis or anion gap

ÅCT showed interval response with no pancreatitis noted

ÅFollow-up 1 day later
ÅSome increase in chronic myalgias but otherwise no reported 

complaints
ÅElevated lipase and glucose noted, felt likely related but not an 

exclusion criteria by study design (both grade 2 AEs)



Case 4

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

ÅBG now elevated to 439

ÅAcidotic with CO2 of 15, anion gap of 34

ÅHemoglobin A1c: 5.3%

ÅTreated for DKA and discharged on basal/bolus insulin

ÅFollow-up c-peptide levels 1 and 3 months later <0.1 ng/mL



Can we predict who will develop?

ÅAntibodies
ÅPresent in around 50% of patients

ÅHLA typing
Å17 of 27 patients in case series by Stamtouliet al had testing 

performed

Å9 of 17 patients (53%) had a high risk HLA haplotype

ÅAt present time ςwould patients decline therapy?
ÅPotentially more options in the future

Stamatouli!Σ Ŝǘ ŀƭ ά/ƻƭƭŀǘŜǊŀƭ 5ŀƳŀƎŜΥ Lƴǎǳƭƛƴ-5ŜǇŜƴŘŜƴǘ 5ƛŀōŜǘŜǎ LƴŘǳŎŜŘ ǿƛǘƘ /ƘŜŎƪǇƻƛƴǘ LƴƘƛōƛǘƻǊǎέ Diabetes 2018;67:1471-1480



Antibody Positivity ςour patients

ÅAt least 1 antibody assessed in 94% of patients

ÅNo significant difference in time to onset of DM

Antibody Assessed  (% of 
total)

Positive(% of 
tested)

GAD65 30 (94) 15 (50)

Insulin 26 (81) 2 (8)

Islet Cell 23 (72) 1 (4)

Zinc Transporter 8 4 (12.5) 0



Summary

ÅCheckpoint inhibitors can cause a rapid onset hyperglycemia

ÅOnset can be at any time, including after treatment finished

ÅSo far only clearly reported with PD-1/PD-L1 inhibitors 
(pembrolizumab, nivolumab)

ÅOver half of patients present in DKA 

ÅInsulin should be started immediately if there is any concern for 
CPI induced diabetes
ÅC-peptide and antibodies can guide therapy but are not diagnostic

ÅNo clear cases of recovery, need insulin long-term

ÅThose with high risk HLA haplotypes may be at higher risk



Case 5

Å41 y/o man with a history of metastatic alveolar soft part 
sarcoma

ÅOn dual checkpoint inhibitors with durvalumab(PD-1 
inhibitor) and tremelimumab(CTLA-4 inhibitor)

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

ÅNo prior history of thyroid disease



Case 5
11/2016 3/14/2017



Case 5

ÅNo symptoms at all phases of hyper/hypothyroidism

ÅNow on 1.54 mcg/kg/day  with stable levels

ÅAble to continue therapy with continued cancer 
response



Thyroiditis Presentation

ÅHas been difficult to define in studies
ÅHyperthyroidism vs Hypothyroidism vs Thyroiditis

ÅIn our experience at MD Anderson:
ÅMajority of patients present with a brief hyperthyroid phase

ÅMost of these patients are minimally symptomatic

ÅIn most, there is a rapid progression to overt hypothyroidism

ÅMost will require relatively high replacement levothyroxine (1 - 1.6 
mcg/kg/day)

ÅAll thyroiditis has been painless



MD Anderson Experience
Å56 (8.5%) of 657 patients treated with CPIs over the study period 

(Nov 2014 ςJuly 2016)
Å4 hypothyroidism without evidence of thyroiditis
Åн DǊŀǾŜǎΩ ŘƛǎŜŀǎŜ
Å6 underlying thyroid disorder before therapy
Å1 lack of baseline labs

Å43 of 56 (77%) showed some evidence of thyrotoxicosis 
Å37 (86%) of these developed hypothyroidism

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

ÅOnly 1 case on CTLA-4 monotherapy (tremelimumab)

IyertΣ Ŝǘ ŀƭ άLƳƳǳƴŜ-wŜƭŀǘŜŘ ¢ƘȅǊƻƛŘƛǘƛǎ ǿƛǘƘ LƳƳǳƴŜ /ƘŜŎƪǇƻƛƴǘ LƴƘƛōƛǘƻǊǎέ Thyroid 2918 Oct;28(10):1243-1251



Time Course of Thyroiditis

IyertΣ Ŝǘ ŀƭ άLƳƳǳƴŜ-wŜƭŀǘŜŘ ¢ƘȅǊƻƛŘƛǘƛǎ ǿƛǘƘ LƳƳǳƴŜ /ƘŜŎƪǇƻƛƴǘ LƴƘƛōƛǘƻǊǎέ Thyroid 2918 Oct;28(10):1243-1251



Grading - hypothyroidism

BrahmerWΣ Ŝǘ ŀƭΦ άaŀƴŀƎŜƳŜƴǘ ƻŦ LƳƳǳƴŜ-Related Adverse Events in Patients Treated With Immune Checkpoint Inhibitor Therapy: American Society 
ƻŦ /ƭƛƴƛŎŀƭ hƴŎƻƭƻƎȅ /ƭƛƴƛŎŀƭ tǊŀŎǘƛŎŜ DǳƛŘŜƭƛƴŜέ J ClinOncol36:1714-1768



Grading - hyperthyroidism


