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Immune checkpoint therapy

Doesn’t target cancer cells

Doesn’t involve vaccines or cytokines to turn
“on” immune responses

Releasing the brakes of the immune system
by blocking negative immune checkpoints
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Immune Checkpoint-Blocking Antibodies

Drug Target Indication

Ipilimumab  CTLA-4 Melanoma

Melanoma, non-small-cell lung carcinoma, renal-cell carcinoma, hepatocellular carcinoma,
Nivolumab PD-1 classic Hodgkin’s lymphoma, squamous-cell carcinoma of the head and neck, urothelial
carcinoma, colorectal cancer with microsatellite instability or mismatch-repair deficiency

Melanoma, non-small-cell lung carcinoma, classic Hodgkin’s lymphoma, squamous-cell
Pembrolizumab PD-1  carcinoma of the head and neck, urothelial carcinoma, gastric cancer, solid tumors with high
microsatellite instability or mismatch-repair deficiency

Atezolizumab PD-L1 Non-small-cell lung cancer, urothelial carcinoma
Avelumab PD-L1 Merkel-cell carcinoma, urothelial carcinoma
Durvalumab  PD-L1 Urothelial carcinoma

Postow et al. NEJM 2018
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How frequent are these side effects ?
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Meta-analysis of endocrinopathies on
immune checkpoint blockade

* “Hypothyroidism, hyperthyroidism, thyroiditis, hypophysitis,
primary adrenal insufficiency, diabetes mellitus” and
“Ipilimumab, tremelimumab, nivolumab, pembrolizumab,
atezolizumab, avelumab, durvalumab”

* PubMed was searched through August 22nd, 2017,
by two reviewers independently (J.d.F. and C.A.)

* All relevant studies were included,
i.e. retrospective, prospective and RCT’s
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n° of patients
Total 19.922
Ipilimumab 4.430
Tremelimumab 1.171
Nivolumab 3.317
Pembrolizumab 4.485
Atezolizumab 998
Avelumab 316
Durvalumab 191
Combination 1.078
Chemo/Placebo 3.936
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N = 1169 Articles

N =210 Articles

Excluded Studies (n = 959)

N =101 Included Articles

Case Report 77
Review 92
Systematic Review or Meta-Analysis 39
Mechanism of Toxicity 16
Basic or Translational Research 24
Combination Therapy 39
Economic or Health-Care 24
Language 40
Pediatric 2
Off-Topic 606
Excluded Studies (n = 109)

No Endocrine-Related AE 58
Inadequate Safety Data 36
Sequential Therapy 4
Duplicate / Update 11

+ Ipilimumab 30

*  Tremelimumab 8

* Nivolumab 27

* Pembrolizumab 25

» Atezolizumab 4

+ Avelumab 3

* Durvalumab 1

* Combination 10




Table 1. Summary estimated incidence of endocrine adverse events

Hypothyroidism Hyperthyroidism Thyroiditis Hypophysitis  PAI DM
Total
. ummary Summary Summary Summary Summary Summary
patients .. .. .. .. .. ..
incidence incidence incidence incidence incidence incidence
Target Treatment n % (95% CI) % (95% CI) % (95% CI) % (95% CI) 9% 95% CI) % (95% CI)
CTLA4 Ipilimumab 4430 3.8 (2.6-5.5) 1.4 (0.8-2.4)* 2.1(1.1-4.1) 5.6 (3.9-8.1) 1.4 (0.9-2.2) NR
Tremelimumab 1171 up to 5.2% ¥ up to 5.2% T up to 5.2% ¥ 1.8 (1.1-2.9) 1.3(0.7-2.4) NR
PD-1 Nivolumab 3317 8.0 (6.4-9.8) 2.8 (2.1-3.8) 1.6 (0.2-10.2) 0.5(0.2-1.2) 2.0 (0.9-4.3)* 2.0(0.7-5.8)*
Pembrolizumab 4485 8.5(7.5-9.7)* 3.7 (2.8-4.7)* 2.3 (1.2-4.6) 1.1 (0.5-2.6) 0.8 (0.3-2.0)* 0.4 (0.2-1.3)
Atezolizumab 998 6.0 (4.2-8.4)* NR NR NR NR 1.4 (0.2-9.4)
PD-L1 Avelumab 316 5.5(3.5-8.7) 2.3 (0.6-8.6) NR NR 1.1(0.3-4.2) 1.1 (0.2-7.6)
Durvalumab 191 4.7 (2.5-8.8) NR NR NR NR NR
. N
Combined Ipﬂlrpumab 816 16.4(11.7-22.5) 9.4 (7.1-12.3) 3.8(1.4-9.4)* 8.8(6.2-12.4)* 5.2(2.9-9.2)* NR
Nivolumab
Ipiimumab + 163
15.1 (10.6-21.8 10.4 (6.6-16.1 4.6 (2.2-9.3 10.5(6.5-16.4) 7.6 (1.2-36.8 2.0 (0.6-5.9
Dol ( ) (6.6-16.1)  46(22:93) 105(65-164) 7.6(1.2-36.8) 2.0(0.6-5.9)
Durvalumab +
99 10.2 (5.6-17.9 NR NR NR NR NR
Tremelimumab ( )

* p for heterogeneity <0.10

1 Ribas et al., 2013 : up to 5.2% thyroid disorders.
Abbreviations: CTLA -4, cytotoxic T-lymphocyte antigen 4; PD-1, programmed cell death 1; PAI, primary adrenal insufficiency; DM, diabetes mellitus
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Abbreviations: CTLA -4, cytotoxic T-lymphocyte antigen 4; PD-1, programmed cell death 1; PAI, primary adrenal insufficiency; DM, diabetes mellitus
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Target Treatment n % (95% CI) % (95% CI) % (95% CI) % (95% CI) % 95% CI) % o CI)
CTLA4 Ipilimumab 4430 3.8 (2.6-5.5) 1.4 (0.8-2.4)* 2.1(1.1-4.1) 5.6 (3.9-8.1) 1.4 (0.9-2.2)
Tremelimumab 1171 up to 5.2% ¥ up to 5.2% T up to 5.2% ¥ 1.8 (1.1-2.9) 1.3(0.7-2.4)
PD-1 Nivolumab 3317 8.0 (6.4-9.8) 2.8 (2.1-3.8) 1.6 (0.2-10.2)  0.5(0.2-1.2)  2.0(0.9-4.3)* 2.0(0.7-5.8)*
Pembrolizumab 4485 8.5 (7.5-9.7)* 3.7 (2.8-4.7)* 2.3 (1.2-4.6) 1.1(0.5-2.6) 0.8(0.3-2.0)* 0.4 (0.2-1.3)
Atezolizumab 998 6.0 (4.2-8.4)* NR NR NR NR 1.4 (0.2-9.4)
PD-L1 Avelumab 316 5.5(3.5-8.7) 2.3 (0.6-8.6) NR NR 1.1(0.3-4.2) 1.1 (0.2-7.6)
Durvalumab 191 4.7 (2.5-8.8) NR NR NR NR NR
e N
Combined Ipﬂnpumab 816 16.4(11.7-22.5) 9.4 (7.1-12.3) 3.8(1.4-9.4)* 8.8(6.2-12.4)* 5.2(2.9-9.2)* NR
Nivolumab
Ipiimumab + 163
15.1 (10.6-21.8 10.4 (6.6-16.1 4.6 (2.2-9.3 10.5 (6.5-16.4) 7.6 (1.2-36.8 2.0 (0.6-5.9
Dol ( ) (6.6-16.1)  46(22:93) 105(65-164) 7.6(1.2-36.8) 2.0(0.6-5.9)
Durvalumab +
99 10.2 (5.6-17.9 NR NR NR NR NR
Tremelimumab ( )

* p for heterogeneity <0.10

1 Ribas et al., 2013 : up to 5.2% thyroid disorders.
Abbreviations: CTLA -4, cytotoxic T-lymphocyte antigen 4; PD-1, programmed cell death 1; PAI, primary adrenal insufficiency; DM, diabetes mellitus
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Clinical Case
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Clinical Case

e 54-y-old woman, stage IlIC melanoma (3 positive lymph
nodes) for which she received four cycles of ipilimumab

 Headache, nausea with vomiting, somnolent but well
orientated, no focal neurologic signs

 BP 90/60 mmHg, HR regular at 70bpm
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Clinical Case

Severe hyponatremia — Na* 121 mmol/L

Decrease of both ACTH (21 to 9 ng/L)
and TSH (1.99 to 0.005 mlIU/L)

Decrease of cortisol (9.04 to 2.31 pg/dL)
fT4 7.2 pmol/L (normal, 11.0-24.0 pmol/L)
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Hypophysitis

VRIJE
UNIVERSITEIT
BRUSSEL



Hypophysitis

Incidence of 5.6% (3.9-8.1) on Ipilimumab (aCTLA-4)
Usually after 4 to 10 weeks of treatment

More frequent on higher dosing? *

Male/Female 4:1 **

Can occur in every patient on checkpoint-blockade therapy

VRIJE * .
UNIVERSITEIT Ascierto et al. The Lancet Oncology 2017

BRUSSEL ** Caturegli et al. AM J Pathol 2016



Hypophysitis
* Indolent presentation with headache, fatigue, nausea,

myalgia, arthralgia or visual changes
* Rarely, adrenal crisis

 Hormonal and radiological evaluation should be performed !

VRIJE
UNIVERSITEIT
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Pituitary function

* Corticotropic, thyrotropic and gonadotropic functions are mostly affected

n=19 (%) End of
Patient characteristics At follow-
d and/or diagnosis up
Corticotrophs (could not be assessey in 16 g = patients/number of data)
three patients) Corticotroph 11/15 13/15
Thyrotrophs (definite and/or possible 1 Thyrotroph 13/15 2/15
could not be assessed in one patien
Gonadotrophs (could not be assesseff in 5 E:nl:::{::ttrr:g: 1;;:84 fﬂ}ﬁ
ix patients
S patients) 0 Lactotroph 3/9 111
- 0 0
Recen #€diagnosis 18 (95) ' : 179 m
Recovery o Hormone r.epl_acement .
Mot assessed 5 Glucocorticoids 115115 13
No recovery of axis/axes 9 Thyroxin 5 2
Recovery of ACTH secretion 3 Sex hormones 0 1
Recovery of TSH secretion 0
Recovery of LH and FSH secretion 2

Ryder et al., Endocrine-Related Cancer 2014 Albarel et al., EJE 2015



Pituitary function

* Corticotropic, thyrotropic and gonadotropic functions are mostly affected

Hypophysitis

n=19 (%)

Hormone axes involved (confirmed and/or

suspected)

Corticotrophs (could not be assessed in
three patients)

Thyrotrophs (definite and/or possible;
could not be assessed in one patient)

Gonadotrophs (could not be assessed in

six patients)
Definite preservation of corticotroph
secretion

No recovery of axis/axes
Recovery of ACTH secretion
Recovery of TSH secretion
Recovery of LH and FSH seg

etion

Ryder et al., Endocrine-Related Cancer 2014

Received high-dose stermds at diagnosis

16

1

5

0

18 (95)

M S Ww U

End of

Patient characteristics At follow-
n=15 diagnosis up
Hormonal defects (n= patients/number of data)

Corticotroph 11/15 13/15

Thyrotroph 13/15 2115

Gonadotroph 1214 215

Somatotroph 298 18/11

Lactotroph 3/9 111
Diabetes insipidus 0 0
Hyperprolactlnemla 1/9 111

ement

Gl ucacartlmlds 11915 13

Thyroxin 5 2

Sex hormones 0 1

Albarel et al., EJE 2015



Imaging

VRIJE -1 month After 2nd cycle After 3rd cycle +1 month
UNIVERSITEIT
BRUSSEL Faje et al., JCEM 2014



Treatment

* High-dose corticosteroids ?

* Physiological corticosteroid substitution ?

VRIJE
UNIVERSITEIT
BRUSSEL



Why hypophysitis secondary to
CTLA-4 blocking antibodies ?

Lymphocytic autoimmune hypophysitis — estimated incidence of one case per 9 million !

VRIJE
UNIVERSITEIT i i :
m BRUSSEL Caturegli et al. Endocrine Reviews 2005



CTLA-4 expression
in the pituitary gland



CTLA-4 expression in mice
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CTLA-4 expression at autopsy

No= 11 37 -]

T
g . Figure 4  Expression of pituitary CTLA-4 in the
oy : % human pituitary gland at autopsy. As Tn the index
23 s . : case, the few remaining acini of endocrine cells in
2z . . : the pituitary strongly express CTLA-4. The inset
gég. " . shows that CTLA-4—positive granules are found
H . L) ; inside the cytosol of infiltrating macrophages. B:
3 . i Histopathologic score to quantify the expression
a .. P o of pituitary CTLA-4 protein in the study popula-
Normal Pidtary  CTLA-4 Ab tion; lettered boxes correlate to the boxed areas
BRED S, SV in the indicated panels. The shaded area above

the dotted lines indicates the specimens that
express CTLA-4 at high intensity in most endocrine
pituitary cells. C: A pituitary adenoma expressing
CTLA-4 strongly. D: A pituitary adenoma express-
ing CTLA-4 at moderate levels in a subset of
endocrine cells; the inset shows a pituitary ade-
noma negative for CTLA-4. Scale bars: 50 pm (A
and C); 20 pm (D). Original magnifications: %100
(A, main image); %260 (A, inset, and D, main
image); %160 (C and D, inset).

VRIJE
UNIVERSITEIT
BRUSSEL Caturegli et al. AM J Pathol 2016



Therapeutic administration of a monoclonal
antibody blocking CTLA-4

)

Pituitary cell " Activated T cell
Type Il hypersensitivity: Broad expansion of effector
complement activation T cells recognizing tumor antigens

infiltration with macrophages and phagocytosis
Type IV hypersensitivity:
infiltration with autoreactive T lymphocytes

Hypophysitis as an Anti-Tumor Therapuetic Effect

VRIJE Immune-Related Adverse Event
UNIVERSITEIT

BRUSSEL Caturegli et al. AM J Pathol 2016



Pituitary autoantibodies

iagnosis of hypophysitis before and after adminis-
because the overall pituitary antibodies were negative.

Table 1. Serum pituitary antibodies in 20 cancer patients with or without a clini
tration of ipilimumab (Ipi). na, sera that were “not assessed” for cell-specific anti

Overall
pituitary Cell-specific pituitary antibodies
D Sex Age Cancer Clinical . antibodies
lyears)  type hypophysitis
Before  After TSHsecreting FSH-seceting ACTH-secreting GH-secreting PRL-secreting
Ipi Ipi cells cells cells cells calls

1 M 53 Melanoma Yes Absent  Present Positive Paositive MNegati Negati g
2 M 68 Melanoma Yes Absent  Present Positive Positive r i Negati it
3 M 59 Melanoma Yes Absent  Present Positive Negative Positive Negative Negative
4 F 34 Melanoma Yes Absent  Present Positive Positive Positive Negative Negative
5 F 58 Melanoma Yes Absent  Present Positive Negative MNegative Negative Negative
6 M 72 Melanoma Yes Absent  Present  Positive Paositive Positive Negative Negative
7 M 65 Prostate Yes Absent  Present Positive Positive Negative Negative Negative
8 M 58 Prostate Mo Absent  Absent na na na na na
9 M 63 Prostate No Absent  Absent na na na na na
10 M 65 Melanoma Mo Absent  Absent na na na na na
11 F 57 Melanoma No Absent  Absent na na na na na
12 F 54 Melanoma Mo Absent  Absent na na na na na
13 F 50 Melanama Mo Absent  Absent na na na ni na
14 M 57 Prostate No Absent  Absent na na na na na
15 M 64 Prostate No Absent  Absent na na na na na
16 M 74 Prostate No Absent  Absent na na na na na
17 M 8 Prostate No Absent  Absent na na na na na
18 M 66 Prostate No Absent  Absent na na na na na
19 M 63 Melanoma Mo Absent  Absent na na na na na

M 62 Melanoma Mo Absent  Absent na na na na na

VRIJE 2
UNIVERSITEIT

BRUSSEL lwama et al. Sci Transl Med 2014




Clinical Case
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Clinical Case

50-y-old male, stage IV-M1c melanoma, BRAFwt

First line ipilimumab, second line pembrolizumab
* Fatigue, tremor, palpitations and frequent stools
BP 105/70 mmHg, HR irregular at 93bpm

VRIJE
UNIVERSITEIT
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Clinical Case

Thyrotoxicosis (!)
fT4 > 100 pmol/L, fT3 25.1 pmol/L, TSH <0.015 mIU/L

(ref. : fT4 11.0-24.0; fT3 4.0-6.8; TSH 0.27-4.2)

VRIJE
UNIVERSITEIT
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Thyroiditis

Incidence: PD-1 > PD-L1 >> CTLA-4 blockade

Spectrum of painless thyroiditis, isolated hyper-
or hypothyroidism

Occurs early-on
Rarely severe symptoms

VRIJE
UNIVERSITEIT
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Diagnostics

autoantibodies ?
obulin ?
scintigraphy ?



Destructive,
inflammatory thyroiditis
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Diagnostics

Exclude secondary hypothyroidism!

Ultrasound (low flow) and scintigraphy (low uptake)
Thyrotropin receptor antibodies — TRAb (aCTLA-4)
Other ?

VRIJE
UNIVERSITEIT
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18FDG-PET/CT




18FDG-PET/CT

Baseline " FDG-PET

Time Before First Pem, d Thyroiditis "®FDG-PET (athis) \

Patient

No. Visual Peaksuv Time,d Time, d /ﬂﬁual PeaksSuv A From eline
1 0 MNo increase 1.16 38 59 Mo increase 1.75 0.59 (51%)
2 —4 No increase 1.25 42 128 Increased 2.80 1.55(124%)
3 —4 MNo increase 1.43 147 172 Increased 3.53 2.10(147%)
4 —144 Increased 2.95 42 118 Increased Unavailable

5 —56 MNo increase 2.04 21 Mo imading

6 —7 MNo increase 1.96 21 60 Increased 3.66 1.70 (87 %)
7 —92 MNo increase 1.85 21 63 Increased 3.29 1.44 (78%)
8 —27 MNo increase 1.67 22 44 Increased 3.7 2.03(122%
9 MNo imaging 21 MNo imaging

Mean = SD 1.79 = 0.57 3.12 £ 0.75 1.57 %

tJ/Elll\J/EERSITEIT de Filette et al. JCEM 2016

BRUSSEL Delivanis et al. JCEM 2017



Treatment

* Symptomatic beta-blockers
* Methimazole — propylthiouracil *
* Glucocorticosteroids *

VRIJE * Scott et al. Eur J Endocrinol. 2018
UNIVERSITEIT
BRUSSEL ** McMillen et al. BMJ Case Rep 2016



Why thyroiditis secondary to
PD-1/PD-L1 blocking antibodies ?



PD-L1 expression
in the thyroid gland



PD-L1/L2 expression in normal thyroid

A
Normal thyroid
MCF7 Hela HTC/C3
#1 #2 #3 #4 #5
PD-L1
PD-L2
GAPDH

VRIJE
UNIVERSITEIT
BRUSSEL Yamauchi et al. Thyroid 2017
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Malignant thyroid disease

BRAFV®%°E in Papillary Thyroid Carcinoma Is Associated
with Increased Programmed Death Ligand 1 Expression
and Suppressive Immune Cell Infiltration

Angell et al., Thyroid 2014

Expression of PD-1 and PD-L1 in Anaplastic Thyroid
Cancer Patients Treated With Multimodal Therapy:
Results From a Retrospective Study

Chintakuntlawar et al., JCEM 2017



vus

Thyroid autoantibodies

Table 1. Patient Characteristics
Destructive Thyroiditi
Total (n=66) Negative (n =62) Positive (n=4) P Value
Tumor type, n
MM 19 17 2 0.759
NSCLC 39 37 2
RCC 7 7
HL 1 1
Sex, male/female 42/24 39/23 31 000
Age, y (range) 65 = 11 (42-85) 66 = 11 (42-85) 58 £ 9 (51-70) .202
Follow-up period, wk 20 £ 7 207 24 £ 0.5 0.260
History of prior immunotherapy, n 5 4 1 0.276
Abnormal thyroid function at baseline, n 7 7 0 1.000
Positive antithyroid Ab at baseline, n 6 3 3 0.002
VRIJE
UNIVERSITEIT
BRUSSEL Kobayashi et al. J Endocr Soc. 2018



Diabetes mellitus

VRIJE
UNIVERSITEIT
BRUSSEL



Diabetes mellitus

Fulminant with ketoacidosis

Classic symptoms

Low C-peptide level and HbAlc <7.0%
Antibodies characteristic of TIDM in % of cases

VRIJE
UNIVERSITEIT
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Immune hyperreactivity?

Autoimmune Diabetes and
Thyroiditis Complicating Treatment
with Nivolumab

Li et al., Case Rep Oncol. 2017

Painless Thyroiditis and Fulminant Type 1 Diabetes Mellitus in a
Patient Treated with an Immune Checkpoint Inhibitor,

Nivolumab
Sakurai et al., Tohoku J Exp Med. 2018

VRIJE
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Primary adrenal insufficiency
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Primary adrenal insufficiency

* Less data — case reports

* Probably due to adrenalitis
— Adrenal autoantibodies (Paepegaey et al, J Endocr Soc. 2017)
— Bilateral gland enlargement (Min et al, Lancet Diabetes Endocrinol. 2013)
— Bilateral 18FDG activity (Trainer et al, Endocrinol Diabetes Metab 2016)

 Patient education

VRIJE
UNIVERSITEIT
BRUSSEL



Harness the immune system to
fight endocrine cancer ?

VRIJE
UNIVERSITEIT
BRUSSEL



Anaplastic thyroid cancer

Exceptional Response with Immunotherapy in a Patient with
Anaplastic Thyroid Cancer  Kollipara et al., Oncologist 2017

52-y-old male, initially treated with thyroidectomy and lymph node
dissection, followed by chemotherapy

Next generation sequencing : BRAF V600OE
Immunohistochemistry : PD-L1 + tumor and infiltrating lymphocytes
Mixed response on vemurafenib, complete response on nivolumab

VRIJE
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