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Immune Checkpoint Inhibitors
More patients ‘surviving’ from immunotherapy
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NIVO+IPI
(n =313)
Anv arade Grade Any Grade A;';)é Grade
Y9 3/4 grade 3/4 g e 3/4

TRAE, % 96 59 87 23 86 28
TRAE leading to 42 31 13 8 15 14
discontinuation, %
TRAE-death, n (%) 2 (1) 1(<1) 1(<1)

Early recognition
affects outcomes

Larkin et al, ESMO 2019
Wang et al, JITC 2018

Immune-related Colitis

>30 days post onset <30 days post onset p
Steroid duration 87 days 53 days 0.02
Hospitalization 27 (67.5) 105 (73.9) 0.43
ICU admission 4 (10) 3(2.1) 0.07
Recurrent colitis 20 (50) 31 (21.8) 0.01




Immune-Related Toxicity
Diversity of Presentations and Mechanisms

Selected Adverse Events
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Immunotherapy Toxicities
Week #1 in Clinic

PD-1 Pneumonitis Bullous Pemphigoid Inflammatory Arthritis

Naidoo et al, Cancer Immol Res 2015
Naidoo et al, J Clin Oncol 2016
Cappelli et al, Ann Rheum Dis 2016



Pulmonary Toxicities
Pneumonitis

Open Questions
1. Incidence
1. Risk Factors
2. Natural History

3. Clinical Manifestations

« CT chest (CTPA if ruling out PE) 4. Mechanisms
« Standard infectious evaluation
* Bronchoscopy +/- BAL 5. Optimal Treatments

e Corticosteroid, Infliximab based on colitis



Incidence
Pneumonitis

Meta-analysis (NSCLC): 3% ICI; 6% ICI+chemo

Initial reports: 5-10% 1risk all-grade & high-grade pneumonitis with ICls vs. chemo

All patient cases (n = 43}
18 A

0% Study Events Total Incidence(%) 95% Cl  Weight

21 ICI Monotherapy :
Rizvi et al. 2020 8 360 B 217 [0.94-4.23] 6.1%
;3 141 Rittmeyer et al. 2017 6 6098 0.99 [0.36-2.13] 56%
5 Reck et al. 2016 9 154 —EB— 584  [2.71-10.80] 6.3%
g 12 4 Mok et al. 2019 53 636 : B 8.33 [6.30-10.76] 8.0%
2 o Herbst et al. 2016 31 682 B 4.55 [3.11-6.39] 7.7%
i i Monotherapy (n = 24, 56%) Combination therapy (n = 19, 44%) Hellmann et al. 2018 9 391 ‘ 230 [1 06-432] 6.3%
§ 3% 38% Fehrenbacher et al. 2016 4 142 88— 2.82 [0.77-7.068] 4.8%
2 B 2% Carbone et al. 2017 7 267 - 2.62 [1.06-5.33] 5.9%
§ 81 Brahmer et al. 2015 6 131 —— 458  [1.70-9.70] 56%
= Borghaei et al. 2015 8 287 M- 279  [1.21-542] 6.1%
O 64 Random effects model 366 « 3.32 [2.18-5.06] 62.4%

7 Heterogeneity: I* = 82%, T%=0.3483, p < 0.01

2 4 :

ICI+Chemotherapy ;
West et al. 2019 25 473 8- 529 [3.45-7.70] 7.5%
21 Paz-Ares et al. 2018 18 278 B 6.48 [3.88-10.04] 7.2%
U 2 Langer et al. 2016 3 59 —.— 5.09 [1.06-14.15] 4.2%
0 - SRR SBBERERE Horn et al. 2018 4 198 ¥~ 2.02 [0.55-5.09] 4.8%
Grade 1 Grade?2 Grade3 Grade4 Grade5 Grade1 Grade 2 Grade3 Grade4 Grade5 Grade1 Grade2 Grade3 Grade 4 Grade5 Gandhi et al. 2018 18 405 B 444 [2.66-6.93] 7.2%
CTCAE Grade Arrieta et al. 2020 9 40 - 2250 [10.84-38.45] 6.6%
Random effects model 1453 - 6.03  [3.51-10.37] 37.6%

Heterogeneity: /° = 82%, 1°= 0.3474, p < 0.01 :

- - 0 :
Real wor I d d ata' u p tO 19 /0 Random effects model 5121 417 [3.02-5.76] 100.0%

Naidoo et al, J Clin Oncol 2016
Suresh et al, JTO 2018
Lin et al, Int immunopharm 2021

Heterogeneity: I° = 81%, °=03219,p<001 I T T T T T

0.050.10.1560.20.250.30.35



Pneumonitis
Variable Timing of Onset

All grades (n =43) -

Grade 1-2 (n =31) -

Grade 3 or higher (n = 12) -

o‘l—*o—& o 5

180 360 540

Time Since Beginning Therapy (days)
A Patientwith pneumonitis @ Patient with grade 3-5 pneumonitis

Patient with grade 1-2 pneumonitis % Median time to development of pneumonitis

Naidoo et al, J Clin Oncol 2016




PD-1/PD-L1 Inhibition
Pneumonitis

CE:;L‘, Autoimmune Chronicity of Ewdenge of Inhaler use
Features® infiltrates obstruction on frequency
— PFTS'

. Admissions for NGS profile PD-L1 status
Oral steroid use )
. exacerbations
at baseline

of COPD

; Histologic features in
Occupational !
exposuresbd non-tumor portion of
lung biopsy¢

: : Pneumonitis
Radlograr;:hlc Extrapu_lmor:ary Baseline sputum EGFR status risk assoc. with
pattern findings? production Home 02 chosen agent
| ] ] L )

Comorbid Lung Cancer-related
iti Features

Etiology of ILD

Multidisciplinary discussion

@ Rashes (Gottron’s papules, Heliotrope rash), evidence of synovitis, family history of RA/SLE, history of dry eyes/mouth, Raynaud’s phenomenon
b Steelworkers, farmers, exposures to heavy metals, organic fumes, dusts, birds, etc. ¢ such as poorly-formed granulomas, lymphocytic aggregates
4 NSIP vs UIP-pattern, evidence of air-trapping, lobar dominance. f may present as complex obstruction (TLCpp — FVCpp > 15).

Naidoo, Suresh, Oncologist 2020.



Pneumonitis
Fleishner Radiographic Subtypes

NSIP Type - Organizing Pneumonia Type

T AN = A -

« Patchy areas of GGO +/- consolidation; » Multifocal patchy alveolar opacities
« Bilateral, symmetric; lower-lung involvement » Peribronchovascular +/- peripheral
Hypersensitivity Pneumonia Diffuse Alveolar Damage
: 74
e ‘::‘

.
4

« Small centrilobular nodules; bilateral GGO « Airspace consolidation (exudative phase)
« Areas of decreased attenuation/ vascularity « organizing and fibrotic phases

Johkoh et al, Chest 2021



PD-1/PD-L1 Pneumonitis
Chronic Pneumonitis

« Pneumonitis that lasts >= 12 weeks post
ICI stop

« Patients who require long-term
Immunosuppression >= 12 weeks

« 2% of NSCLC and melanoma patients
treated with anti-PD-1/PD-L1

« Persistent BAL lymphocytosis despite
steroids

« Histopathologic BOOP, with infiltration of
CD8+ T-cells in pneumonitis tissue

Naidoo, Suresh, J Immunother Cancer 2020
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PD-1/PD-L1 Pneumonitis
Mechanisms: T-cell mediated; autoantibody mediated (anti-CD74)

BAL fluid from pneumonitis p (n=12) v. controls (n=6):
BAL cell differential; flow cytometry; cytokine analysis

CD74. cell-surface receptor for MIF

MHC class Il chaperone, lung inflammation

autoimmune disease
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Treatment
Steroid-refractory vs. Steroid-resistant Pneumonitis

« 26 pts with pneumonitis requiring
Immunosuppression beyond steroids

outcome

additional
immunomodulator

« ‘Steroid-refractory’ : no improvement with steroids

( . . y | . . -
- ‘Steroid-resistant’ : transient improvement o -
e
_g 8 46°/o
- steroid
G g S 3-6 mos refractory
steroid T 18+ § lg 77%
resistant 58% 8 g TNFa inhibitor
15+ S § 6-9 mos
43 12 42% ! 92% § E
8 ' - 71% g Z
T 9~ £ 9-12 mos g 50%
— E — 54% transient
C g . steroid
* 29% @ O resistant
3+ . E g >1 year
8% T 2
steroid 0
T T T 23%
refractory Gr2 Gr3/4 Gr2 Gr.3/4 Gr2 Gr/4 15 10 5 0 mycophe:olate
all patients steroid refractory  steroid resistant number of patients mofetil

Click on image to zoom

ailpatients {45 0 53[0 30 o 10/26 (38%) had durable response

steroid refractory :—I—_—E.! | = InﬂlX|mab -
‘ - Mycophenolate mofetil

Beattie et al, J Immunother Cancer 2021



Steroid-Refractory Pneumonitis
Selected patients improve with IVIG
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Patient with
Grade 2+
PD-1/PD-L1
Pneumonitis

Any
solid/hematologic
malignancy

Any PD-1/PD-L1
agent

Pneumonitis that

has not improved

to CTCAE grade 1
or less, after 2-10
days prednisone 1-
2mg/kg/equivalent

No active infection

No radiologic
evidence
progressive cancer
in lung

Pathogen-negative
bronchoscopy

Pneumonitis Trials
EAQ172: ECOG Steroid-Refractory PD-1/PD-L1 Pneumonitis

Pneumonitis
Assessment
Day 1 Steroid-

Refractory

1. Hb saturation
(PaO2/Fi0O2 on ABG)

2. PFTs
3. High Res CT chest
4. Blood (correlatives)

5. Bronchoscopy
+BAL (+/- biopsy)

6. Patient Reported
Outcomes

—

Infliximab
then Prednisone
Taper
4-6 weeks

IVIG x 5 days
then Prednisone
Taper
4-6 weeks

Pneumonitis
Assessment
Day 14 Steroid-

Refractory

1. Hb saturation
(PaO2/FiO2 on ABG)

2. PFTs
3. High Res CT chest
4. Blood (correlatives)

5. Bronchoscopy
+BAL (+/- biopsy)

6. Patient Reported
Outcomes

Pneumonitis

Response

Day 28
Any improvement

in
P/F Ratio on ABG

*Primary Endpoint:

« Improvement in PAO2/FiO2 on ABG from day 1, at 28-days

SEWICES.,
Ty

<,
¥,

o

U

o WEALTH & »

ECOG-ACRIN PI: Naidoo,




Immunotherapy Toxicities
Week #1 in Clinic

PD-1 Pneumonitis

Bullous Pemphigoid

Naidoo et al, Cancer Immol Res 2015
Naidoo et al, J Clin Oncol 2016
Cappelli et al, Ann Rheum Dis 2016

Inflammatory Arthritis



Skin Toxicities
Bullous Pemphigoid

Blistering Disorders
TEN and SJS case reports only

Bullous Pemphigoid

Skin biopsy: H&E, DIF and IIF
IgG + C3 deposits at blister roof
+ BP180 +BP230 antibodies

First described cases BP from anti-PD-1/PD-L1

Responders to immunotherapy
Antibody-mediated toxicity, B-cell mediated

Naidoo et al, Cancer Immunol Res 2016




Skin Toxicities

Other 3.1 10RA, 1.0, &0 min-max, 0.71-55.00
Skin
%o
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Time Since Study Initiation (weeks)

PD-1/L1+/-CTLAA4, All Solid Tumours
(n=285)

Sznol, J Clin Oncoll 2017
Phillips, J Clin Oncol 2019

PD-1+CTLA-4 G3+, Melanoma
(n=448)




Skin Toxicities
Spectrum and Mechanisms

= Anti-PD-1 treated patients had a higher risk of mucositis, xerostomia, pruritus, lichenoid dermatitis

= HLA subtypes may predict for skin irAEs (melanoma patients)

Cutaneous | General PD-1, n (%) | OR (95% CI) P-value
AEs population

w
'§ =5 HLA-DRB1°11:01
5 - - - = Other HLA
Wl o
<o :
<0.005 = i
o '
£ sl .
<0.005 e e
E ————————
<0.005 5 <
-4
<0.005 s
=
<0.005) s
ae_ O | 1 1 T | 1 1 1 1 T | |

Pruritus 17132 (0.4) 21 (3.8) 11.3 (8.9-14.3)
Mucositis 425 (0.009) 10 (0.5) 65.7 (35-123.3)
Xerostomia 7396 (0.2) 33 (1.8) 11.9 (8.4-16.8)
Lichenoid 2217 (0.05) 9 (0.5) 10.7 (5.5-10.7)
dermatitis

Scleroderma 1689 (0.003) 6 (0.3) 9.3 (4.2-20.9)

Le, Semenov, Naidoo, Kwatra et al, J Dermatol Treat 2021
Ali, Eur J Cancer 2019

o 60 120 180 240 300 3€0 420 480 540 600

Follow—up time (days)

CTLAE or PD-1, NSCLC or Melanoma (n=102)



Immunotherapy Toxicities
Week #1 in Clinic

PD-1 Pneumonitis Bullous Pemphigoid

Naidoo et al, Cancer Immol Res 2015
Naidoo et al, J Clin Oncol 2016
Cappelli et al, Ann Rheum Dis 2016

Inflammatory Arthritis




Rheumatologic irAEs
Inflammatory Arthritis

* Immune-related synovitis
* Optimal evaluation: US, MRI
 Management:

- Corticosteroid, Methotrexate

Cappelli et al, Ann Rheum Dis 2016
Kostine et al, Ann Rheum Dis 2018

Open Questions
1. Risk Factors
2. Natural History
3. Clinical Manifestations
4. Mechanisms

5. Optimal Treatments



PD-1/PD-L1 Inhibition
Inflammatory Arthritis

Inflammatory arthritis
Distinct phenotypes by ICI regimen

Features

S ti *  Medium-large/
eronegative Axial joints

Spondylo- - Synovitis +/-
arthropathy erosive

* Autoab negative

Combination ICls:
- Associated with RA-subtype
- Knee involvement first

. . (HLAB27+)
- Higher baseline CRP o
Clinical [ Remctive | S
.- eactive | . Conjunctivitis
. . ' Arthriti |+ Urethritis
10% develop chronic arthritis (> 6 months) Phenotypes | A

. Features
Rheumatoid | | MCP+PIP+Wrist

Arthritis + Autoab (Anti-RF
and Anti-CCP) +/-

Management

Lower doses of corticosteroids (prednisone
10-20-mg for grade 2+)

Low threshold for immunosuppression Cappelli et al, Semin Arth Rheu 2018
Naidoo et al, Oncologist 2017 22

Braaten et al, Ann Rheum Dis 2019



Inflammatory Arthritis
Mechanisms

ICl inflammatory

.. RA n =220 (%) P value*
. = %
= |Cl-arthritis tends to be arthritis n = 26 (%)
autoantibody negative Positive for SE (at least 1) 16 (61.5%) 145 (65.9%) 0.66
Number of SE alleles Two alleles: 2 (7.7%) Two alleles: 52 (23.6%) 0.15

One allele: 14 (53.8%) One allele: 93 (42.3%)
Zero allele: 10 (38.5%) Zero allele: 75 (34%)

= Patients with ICl-arthritis
had a greater odds of

shared alleles CCP positive 2 (7.7%) 142 (64.6%) <0.01

RF positive 2 (7.7%) 122/215 (56.7%) <0.01

o _ _ RF and CCP positive 0 (0%) 106/215 (49.3%) <0.01

= Specific alleles enriched in

ICI arthritis (DRB]-*O4:05) HLA allele/s OR(95% ClI) ICI inflammatory arthritis vs controls P value

A*03: 01 2.2 (0.9, 5.1) 0.07

= HLA genotypes may be C*12:02 5.4 (0.6, 26.8) 0.07

implicated in who develops | bQB1*03:01 0.4(0.1,1.1) 0.06

ICl-arthritis DRB1*03: 01 1.1 (0.4, 2.9) 0.81

DRB1*04: 05 8.6 (1.7, 43.4) 0.04

Cappelli et al, Ann Rheum Dis 2016 At least 1 SE allele 2.3 (1.0, 5.1) 0.04

Kostine et al, Ann Rheum Dis 2018




Immunotherapy Toxicities
Year #5 in Clinic

PD-1 Pneumonitis Bullous Pemphigoid Inflammatory Arthritis

Naidoo et al, Cancer Immol Res 2015
Naidoo et al, J Clin Oncol 2016
Cappelli et al, Ann Rheum Dis 2016



Colitis
Diagnosis

Lactoferrin (+) Lactoferrin (-) . _
N (%) N (%) Scope Findings Calprotectin (SD)

 Fecal lactoferrin

_ _ _ Ag:;gga' 42 (70) 4(36) Ulcers 465 (363)
- 90% concordance with histologic
inflammation Seops 1830 764 nfammation 213 (184)
- 70% sensitivity for endoscopic abnormality Nietdogy 540 37) Normal 162 (133)
Hr;'s‘igl‘:f;y 6 (10) 8 (73) P 0.006

* Fecal calprotectin
- Associated with presence of ulcers on

endoscopy
 Endoscopic features to risk stratify :

- ASSOCiatEd W|th need for TN F'|nh|b|t|0n Mora tosevere inflammaion ith diffuse/patchy
. i . . ] superficial ulcers, exudate, LOV
- Associated with need for hospitalization

Mild inflammation with mild patchy erythema, aphtha, edema or
normal mucosa

Wang et al, JITC 2018



Colitis
Mechanisms

a
o o -r-|'|f A
80
140 g 200 - —— o
| b = -
120 — © [ [ —
I ..?H:, H I
— — 50 - I 8
o 100 - o [ =
5 g * =2
J 80 — e 3
N i ©
— 1': b o =
' 60 - ' =
= — o S
40 8 ©
—tg o —
%0 o
20 — ) e I
| | | |
Grade02  Grade3 Grade02  Grade3 I .
Neoadjuvant Melanoma - -
. . Colitis-free Progressed to colitis
treated with ipilimumab
M Bacteroidaceae Lachnospiraceae m Pseudomonadaceae
Bifidobacteriaceae Lactobacillaceae = Ruminococcaceae
Catabacteriaceae Unclassified clostridiales Streptococcaceae
Clostridiaceae M Unclassified firmicutes Verrucomicrobiaceae
M Coprobacillaceae Peplococcaceae M Other_bacteria

Enterococcaceae M Peptostreptococcaceae
Erysipelotrichaceae M Prevotellaceae

Metastatic Melanoma

Tarhini et al, JITC 2017 treated with ipilimumab

Dubin et al, Nat Commun 2016



irAE ELIMINATE
Ph IT Study of microbiome therapeutic for Steroid-refractory ICI colitis

- Steroid and biologic relapsed/refractory colitis ¢ Inclusion Criteria
. Intervention: + Steroid-refractory colitis as defined in the
) protocol.

 Orally bioavailable full-spectrum microbiome therapeutic (MTP-101-C)
for 28 days

+ Rapid steroid taper (over 7-14 days).

* Willingness to comply with MTP-101-C
administration

» Exclusion Criteria:

» Endpoints: + Any prior diagnosis of diarrhea-
 Primary: Full/complete Mayo score at 28 days predominant IBS
+ Secondary: Partial Mayo score at 42 days; PRO’ corticosteroid-free . Contra-indication to CP101
remission administration.
- SCREENING RESPONSE | | RESPONSE
Steroid- EVAL EVAL

refrac;cjory irAE ‘N,\l, V v v vobby W
secondary to W J V \ v W W

anti-PD-(L)1 X
singly or in 28days 0 7 14 21 28 35 42 days
. . < >
combination
’ I/E criteria as ¢:PRO evaluation Gl evaluation (Mayo score) 4:
above
\LEndoscopy CT imaging ¢:
EAQ concept ¢,Correlative labs Stool samples¢

Funding: NCI DCP 'T‘Full-spectrum microbiome therapeutic
Stage: Funding secured, pending EA committee approval



IrAE ELIMINATE
Study Team

Study Pl and co-PI Patient Co-Chair

Diwakar Davar (Med Onc, HCC); Michael Seamus Cotter (Ireland)
Dougan (GIl, DF/HCC)

Study Statistician Study Sponsors
FINCH ¥
Ju-Whei Lee (Biostatistics, EA and Alexander Khoruts (Institute of
DF/HCC) Functional Medicine, U Minn);

Finch

Community Co-Chair

Xin Yao (Med Onc, ThedaCare)

Study Leadership

Lynne Wagner; Sheetal Kircher
(ECOG ACRIN)



PD-1/CTLA4 Combinations
Multisystem irAEs/Overlap syndromes

38 patients with metastatic skin cancers treated with ICI
Myositis was the most frequent NM irAE

Myocarditis Myasthenia gravis

32% concomitant myocarditis.
49% G3+

2 fatalities

50% ongoing

Role for surveillance CKs

- Dyspnoea and
oculomotor signs

- No ACH-antibodies (no

response to

pyridostigmin)*

- CKand troponin elevated
- T-cellinfiltratesin the muscle
- Responds to steroids

Myositis

Multidisciplinary IR- toxicity teams
may facilitate identification
15% referred patients had multisystem irAEs

- CK and severity of symptoms
not directly correlated*

- Myopathic pattern, but rarely

autoantibodies*

Moreira et al, Eur J Cancer 2018



Multisystem-irAEs

Incremental Benefit in PFS and OS @JAMA Network”

@ Progression-free survival Overall survival
1.0 1.0+
— irAE=0
T'g 0.8 irAE=1 08
s ——— irAE=22
a =
g 06 2 06-
& 5
c v
o =
7 04 £ 04-
SI_J >
9 o
= 0.2
= J 0.2-
0 T T T T T 1
60 66 72 78 84 90 0 T T T T T T T T T ‘ T ‘ ‘ T |
0 6 12 18 24 30 36 47 48 54 60 66 72 78 84 90
No. at risk Follow-up time, mo
iAE=0 417 97 52 24 17 1 6 3 3 1 0 0 0 o o0 o |Noatrisk
irAE=1 148 66 39 21 10 5 4 p) 1 1 1 1 1 1 1 0 irAE=0 417 204 111 55 36 24 13 4 3 1 0 0 0 0 0 0
irAE=>2 58 36 25 17 8 6 3 3 2 1 1 1 1 0 0 0 irAE=1 148 102 61 35 26 12 8 6 3 1 1 1 1 1 1 0
irAE=22 58 48 40 27 15 8 4 4 3 1 1 1 1 0 0 0

1 irAE: HR 0.67, p=0.001 1 irAE: HR 0.86, P = 0.253
22 iIrAEs: HR 0.38, p<0.0001 22 iIrAEs: HR 0.56, P=0.005

Shankar, Naidoo et al, JAMA Oncol 2020




Immune-related Adverse Events
Emerging Terminology, Need for Definitions

Natural history/Timing of irAES: SITC irAE Definitions Working Group
= Recurrent irAEs T
= Chronic/Long-term Toxicity Oncology Industry

= Delayed/Late Onset / \

_ Organ Specialists Nursing
Treatment of irAES:
: Stero!d—refr.actory Chairs
Steroid-resistant/relapsed Regulators Allied Health

= Steroid-dependent \/

Naidoo, Murphy, Cappelli et al, IASLC WCLC 2020



Immune-related Adverse Events
Future Directions
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Preclinical Setting Risk Factors irAE Diagnosis iIrAE Treatment
iIrAE Mouse models Genetic features Biomarkers/Imaging Prospective irAE trials
Mechanistic insights Microbial features IR-Tox Teams Refined treatment

algorithms

Interventions to mitigate risk
Conroy, Naidoo, Nature Comms 2022
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