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Immunotherapy for Lung Cancer

A Lung cancer histology

SCLC (15%)
/

NSCLC ~
(85%)

B NSCLC histology

Other (4%)

Squamous
(18%)

Non-squamous (78%)

C Oncogenic mutations in NSCLC

Other or not identified
(32%)

NTRK1/2/3 (<1%)
ROS1 (1%) —
RET (~2%)
ALK (~3%) y,

ERBB2 (~4%) / |
MET  pRrar
(~4%)  (5%)

-
-
-
.
-
-
-
-
-
-

, non-G12C (17%)

_ G12C (12%)

EGFR (17%)

« ~240,000 patients diagnosed / year

« ~160,000 patients / year eligible to
receive 10 as part of SOC
« 27,000 ES-SCLC

« Stage IV NSCLC

« 20,000 SQ NSCLC

. 50,000 NSQ NSCLC (AGA excluded)
« Stage Il or Il

« PACIFIC/IMpower010/PEARLS/CM816/KN-
617

* 61,000 patients

Siegel RL et al. CA Cancer J Clin.2023;73:17-48
Thai AA et al. Lancet 2021; 398: 535-54



Challenges of Immunotherapy for Cancer

* PD-L1 IHC is the only biomarker < Toxicities can be lifelong

» Therapeutic decisions for |O based . |dentifying IrAEs requires

therapy integration of multiple non-

* Some predictive role specific, non-sensitive data
 Unable to predict who will benefit  points: clinical, laboratory,

» Unclear optimal duration of radiographic
therapy * [rAEs can happen ANY time
* Primary and acquired resistance « Unclear why some people
mechanisms are unknown develop and IrAE
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IrAE Impacts Every Organ

< S LS

* Uveitis

* Sjogren syndrome

* Conjunctivitis and/or
blepharitis

* Episcleritis and/or scleritis

* Retinitis

* Pneumonitis
* Pleuritis
e Sarcoid-like granulomatosis

Hepatitis

Fatigue

* Encephalitis

* Meningitis

¢ Polyneuropathy

* Guillain—-Barré syndrome

* Subacute inflammatory
neuropathies

* Hypophysitis

e Pancreatitis
e Autoimmune diabetes

e Skin rash
e Pruritus
e Vitiligo
e DRESS

e Psoriasis
e Stevens—Johnson
syndrome

e Arthralgia

* Arthritis
* Myositis
* Dermatomyositis

* Thyroiditis
e Adrenalitis

* Myocarditis

e Pericarditis

e Interstitial nephritis
® Glomerulonephritis

e Colitis
e Enteritis
e Gastritis

* Anaemia

* Neutropenia

® Thrombocytopenia

* Thrombotic
microangiopathy

* Acquired haemophilia

* Vasculitis

AN N NN

volume 16, pages563
—580(2019)


https://www.nature.com/nrclinonc?draft=marketing
https://www.nature.com/nrclinonc?draft=marketing

Frequency of IrAE in NSCLC

PD-(L)1 must be in at

Index Date least one of these LOT
(Lung cancer diagnosis) |
[ |
1% Line start 2" Line start Nt line start
01Jan10 01Jan11 31Mar14  31JAN17
A4
\ J \ )\ J \ J
% | e I ” Y = |
6" month pre- and at least %' | oT period 2" LOT period N" LOT period

1 month post-period

Study Period

Identification Period - Date Range for Potential Index Dates

Retrospective review of insurance claims
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60+
504
X 40
]
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2 30
L.
>
E
3 201 . .
An estimated 50% of patients
10+ experienced an IrAE in 12 mo
04
3 6 12
Follow-up Time (month)
Month 0 Month 3 Month 6 Month 9 Month 12
nemberal| sves 1835 804 391 211
Risk
C"'g‘i‘s'i""e o 31.2 424 47.9 52.5
% (C) ° (29.6,32.9) | (40.5,44,4) | (45.7,50.2) | (49.9, 55.2)

Cathcart-Rake EJ et al. Clin Lung Cancer. 2020 Sep, 21(5): 421-427.e2.




Class of ICl and IrAE in NSCLC

PD-1 blockade CTLA-Abzl’occc:(na\génation
« CTLA4
— Hypophysits
r——— E  reduces the activation of
Premonits i’ naive T cells by APCs
e/ ' Vam « may interfere with ongoing
—— — stimulation of T cells in
e — inflamed tissues
« Major MoA of Tregs
* PD-1/PD-L1
« Regulation of activated T cells
E‘gggigﬂww Most clinically important irAE

UNIVERSITY OF COLORADO

sHElERETOr GRlOLEDO Wang SJ et al. Trends in Cancer Volume 9, Issue 7, July 2023, Pages 543-553



Severity of IrAE in NSCLC

Grade 1-2 IrAEs

: B CTLA4
PD-1
] PD-L1
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Grade 3-5 IrAEs

B CTLA4
PD-1
] PD-L1

°°‘,fa’f 4 %a’f;y ¢ "qf x‘

*O


https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5697162/

IrAE Timing: Patterns of Development

Q

b

CTLA-4 PD-1/PD-L1

:
5 5
- Z
2 2 ’

“l é é 1|0 1[2 1]4 >§0 4| é é 1‘0 1|2 1|4 >§0

Duration of treatment (weeks) Duration of treatment (weeks)
¢ CTLA-4 + PD-1
Colitis Endocrinopathy Nephritis
_a.{; /,\ Li " Skin, rash ”
i iver toxicity . === Pneumonitis
5 \ or pruritus
2
\ The distribution, severity, and frequency of irAEs
_ Ml | \ | | | is clearly related to the class of ICI used
@ 4 6 8 10 12 14 >30

Duration of treatment (weeks)
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https://www.nature.com/nrclinonc?draft=marketing

IrAE Timing: Patterns of Development

Dermatologic?

(c]id

Endocrine

Adrenal
insufficiency

Hypothyroidism

Hyperthyroidism
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| n=23 | I | 123m
Renal n=9 — 12.8m
n=9 || -~ |
Pancreatic n=17 ! T 4'34 i 1 220m
h n=9 } { 274 m
Neurologic n=1 72m
1.7m ®
n=1 °
0 1 o 3 4 5 6 7 8 9 10 1" 12
Months
Anti-CTLA-4 Anti-PD-1 Anti-CTLA-4 + Anti-PD-1 Anti-PD-L1
@ Ipilimumab 3 mg/kg @ Nivolumab @ Nivolumab + Ipilimumab Atezolizumab @ Durvalumab
@ Ipilimumab 10 mg/kg ' Pembrolizumab @ Avelumab

Adapted from: Davis M and Duffield EA. ImmunoTargets and Therapy 2017:6 51-71



IrAE Timing: Never quite out of the woods

500 ‘
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Conventional Cancer Therapy

Drug/metabolite dlrectly 7
responsible for efficacy '#
and toxicity

Predictable window of
toxicity

MoA predicts AEs

Immunotherapy

o -

The ‘drug’ is the patient’s
immune system

Downstream modulation of
a patient’s immune system
mediates both response
and toxicity... and not
necessarily through the
same mechanism
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The Immune System Prevents
Autoimmunity... most of the time

Lymphoid
precursor
Immature
Mymmms

Central tolerance in the thymus 1
and bone marrow eliminates T gsc Fecognon f so atger
o ES
cell and B cell clones that react 322 ﬁ/ :‘: :Q;
against self antigens 8s8& ,
ST Apoptosis Change in Development
0] (deletion) receptors of regulatory
\ (receptor T lymphocytes
editing; (CD4+ T cells
B cells only) only)
Mature
5 Mymphoeytes
Peripheral tolerance is enforced £2
. . . o= Recognmon of self ant|gen Re?“’altlofy
via Tregs, iDCs, and immune = %
) check points (i.e. CTLA-4, PD-1) £ o ik Q
Thoracic Oncology a Anergy Apoptosis Suppression
Research Initiative (deletion)
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https://www.onlinebiologynotes.com/immunological-tolerance-central-and-peripheral/

Potential Mechanisms of IrAEs

_ 1 Treg depletion/ ‘ . Normal Tissues
\\\;. or dysfunction - Qe “Immune checkpoint ;
Treg "\ TCR Repertoire f Inhibitors .
A 7 . 3 \‘1/{(\ * Loss of Treg function

\ . 00’0 -~ """~ o 99 <

) p V' ——— 0 doe X3

99— Enhanced T cell . oA S A ..
APC —D;)_Q ) 2—’effectorfunctioni \ Cytokines o - @le) ° Increased aCt|V|ty Of

~ ; Cytoki ()
L3 FORNVEN S effector T cells
)/’\\ ", >’ %a'thogenicTcells ‘@ antGIEASbinds

CTLA4 on normal

/3 Generation/ 3 ke y Neoias ¢ Re-aCtlvathn Of
%/_ 3/ 1~ » Reactivationof — > (@@ " ¥ Pathogenic .
" Chausteq/ | SelfresctveToolls W oo reas |, peripherally tolerant T
, . | AR
Anergic T cell} B cell number/ Y o I
X /' function : \I(/\Y Y Ce I I S
W e ’," Autoantibodies/ de novo

Generation of antigens \Y i

L\\(' Tcell ' self and tumor \\"//Y\Y‘— x", autoantibody production Release Of Self an’ugen

*EOOC from tumors

- T cell activity to self : . .
Dying tamor call 5 - Autoantibodies
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IrAE Risk Factors: Pre-existing AD

Table 2. Autoimmune Exacerbations and Grade 3 to 5 Immune-Related Adverse Events

Patient Baseline Autoimmune Immune-Related Outcome
No. Condition Exacerbation Treatment Adverse Event Treatment Notes
2 Sarcoidosis Glaucoma Ocular steroids
3 RA Joint pain As for hypophysitis Hypophysitis Prednisone 1 mg/kg tapered Durable CR
over 6 wk; now receiving 7.5 mg
ags . 4 RA Thyroiditis Prednisone 1 mg/kg tapered
o Ip I m m b m I m over 2 wk
I I u a I n e a n O a 5 Psoriasis Worsening As for colitis Colitis Methylprednisolone 2 mg/kg After 1 dose
plaques tapered over 6 wk
- . 6 Psoriasis, Graves Hypophysitis Prednisone 30 mg x1 wk, PR
* 30 patients with pre-
- 2 2 8 RA, polymyalgia Joint pain, Prednisone 30 mg/d After 3d
eXI S I n g a u OI l I l I I I u n e rheumatica myalgias tapered over 1 mo
. 9 RA Joint pain Prednisone 15 mg/d After 7 mo
conditions ronntoloms
11 Transverse myelitis Colitis Prednisone 1 mg/kg tapered
over 8 wk
. 12 Crohn disease Colitis Methylprednisolone 1 mg/kg After 1 dose
* 50% d IrAE
o experiencea Ir or . - - et b
14 Ulcerative colitis Diarrhea, disease Infliximab, PR
. flare dexamethasone
are of underlying

15 Inflammatory Joint pain As for colitis Colitis Prednisone 1 mg/kg tapered

- 1 thritis® 4 wk, infliximab
a u to I m m u n e d I Se ase 20 :or:;sliss Hypophysitis E:::Jnig;elgolzzil dose,

then 5 mg daily

23 Sarcoidosis Hypercalcemia, Prednisone 25 mg/d, Ongoing SD
renal insufficiency  tapered to 20 mg after

4 wk

24 RA Joint pain Prednisone 10 mg/d, Ongoing PR
now receiving 8 mg/d

28 Psoriasis Presumed colitis Methylprednisolone 1 mg/kg Patient died

grade 5
) Abbreviations: CR, complete response; ellipses, none; PR, partial response; b patient developed a chronic, inflammatory-appearing arthritis during
Thoracic Oncology RA, rheumatoid arthritis; SD, stable disease. nivolumab therapy that improved with use of low-dose steroids and
Research Initiative a Receiving dexamethasone for brain metastases; infliximab was added with hydroxychloroquine.

Johnson DB et al. JAMA Oncol. 2016;2(2):234- onset of diarrhea.
ANSCHUTZ MEDIGAL campus 240 doi:10.1001/jamaoncol.2015.4368




IrAE Risk Factors: Pre-existing AD

Table 2. Toxicity of anti-PD-1 antibodies in patients with autoimmune disorders

Number (%) (N Details
=52)

* Anti-PD-1 in melanoma

No 32 (62%)

» 52 patients with pre-existing 20080
autOimmune Conditions Tnim('toﬂarc.mcdian(rangc).d 38 (8-161)
« 38% experienced flare of o .
underlying AD . o

G4 0(0%)

« 67 patients with prior Gr 3 or
Gr 4 ipilimumab toxicity —
« 2 experienced Ipi IrAE =67

Ipi irAE recurrence on PD1

Table 4. Toxicity of anti-PD-1 antibodies in patients with major ipilimumab toxicity

No 65 (97%)

@j‘ Yes 2(3%) Arthritis, colitis

; Other irAEs with PD1
Thoracic Oncology

Research Initiative . No 44 (66%)
VT ——— Menzies AM et al. Annals of Oncology Volume 28, Issue 2, February

ANSCHUTZ MEDICAL CAMPUS 2017, Pages 368-376 Yes 23 (34%)



IrAE Risk Factors: Solid Organ Transplant

* Pooled analysis of 64
patients with solid organ
transplants

* Overall rejection rate with 1O
~41%
« Rate with PD-1 > CTLA-4

* 71% who experienced
rejection developed organ
failure

v

Thoracic Oncology
Research Initiative

UNIVERSITY OF COLORADO

ANGCEUTZ MEDICAL CAliRUS Kumar V et al. The Oncologist2020;25:505-514

Table 1. Characteristics of patients with organ transplant who received treatment with an ICl

Total, No rejection, Rejection,
Characteristics n = 64 (100%) n = 38 (59%) n =26 (41%)
Solid organs
Kidneys 39 21 (54) 18 (46)
Liver 19 13 (68) 6 (32)
Heart 4 (80) 1(20)
Cornea 1 01(0) 1(100)
Type of immunotherapy
CTLA-4 inhibitor 13 10 (77) 3 (23)
PD-1/PD-L1 inhibitors 43 23 (53) 20 (47)
Sequential ICls 8 5(62.5) 3 (37.5)
Number of doses, median (range)
CTLA-4 inhibitors 4 (1-4) 4 (4-4) 1(1-2)
PD-1 inhibitors 3 (1-25) 4 (1-25) 2 (1-11)
Prior history of significant rejection
Yes 8 3 (37.5) 5 (62.5)
No 33 19 (57) 14 (43)
Response to therapy
Yes 25 16 (62.5) 9 (37.5)
CTLA-4 inhibitors 7 6 (86) 1(14)
PD-1/PD-L1 inhibitors 15 9 (60) 6 (40)
Both 3 1(33) 2 (66)
No 31 20 (64.5) 11 (35.5)
CTLA-4 inhibitors 6 4 (67) 2 (33)
PD-1/PD-L1 inhibitors 20 12 (60) 8 (40)
Both 5 4 (80) 1(20)




Where are the Biomarkers for IrAE?

Normal Tissues
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Autoantibodies/ de novo

. : ) RY .
Generation of antigens N W, .- N

autoantibody production
to self and tumor AL

T cel Yoyt  Multiple mechanisms

- - _ Autoantibodies =~~~ -
I $TT"‘ZY€°)”_ ' may result in the same
IrAE

N\
}/'

Tumor . * antigens
Dying tumor cells
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ANSCHUTZ MEDICAL CAMPUS

Clin Chem, Volume 66, Issue 6, June 2020, Pages 779793



Major Barrier Organs as the Most
Frequent Site of IrAE

PD-1 blockade CTLA-4 / combination

blockade

* Large quantity of c , ) 7 d e

microbial and - 1

environmental antigens ... s — e\ —

b.“' g . Arthralgia y y l

* Immune cells at these “= = /) |

sites are regulated by

peripheral tolerance via

CTLA-4 and/or PD-1/

PD-L1

Major barrier organs Most clinically important irAE

Wang SJ et al. Trends in Cancer Volume 9, Issue 7, July 2023, Pages 543-553
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Drivers of ICI Colitis

Postcapillary

venule

Integrin

' CD4+
(primed) ‘

.v

X

Mesenteric
lymph node

* Biopsies of ICI colitis

 Expanded CD8* T cell
population not present in
controls that produce
granzyme B and IFNg

* Population were TRMS

* Primarily recognize
microbial antigens

» Overactivation disrupted

normal tissue
homestasis

* Why some not all?

Wang SJ et al. Trends in Cancer Volume 9, Issue 7, July 2023, Pages 543-553



What Drives Non-Barrier IrAES?

o0 4 L .

T A / i * Tissues produce

/ % specialized proteins

Py Sy 4 // . Expr_e_ssion of_ tissue
e S 7\ specific proteins
7 oS \ « Shared antigens

DY o N between tissues and

il tumor targets

I
3
@ Pancreatic B cells
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Predictive Biomarkers for IrAE

a

* Hypophysitis: pre-
existing anti-GNAL and
anti-ITM2B

» Thyroid: pre-existing TG-
Ab and TPO-Ab

« HLA alleles associated
with IrAE diabetes,
colitis, adrenal and skin
adverse events.

v
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Peripheral blood

Eosinophils

Neutrophils

Blood vessel
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Host-Extrinsic Factors and IrAEs

ESIEEN BN . Associations noted
o | A between IrAE

Fiber +

e . | -l ¢ | - development
* Lifestyle

oo M - : = « Tobacco

Viral antigens ] [ Diet and lifestyle }

= * Viral antigens
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UNIVERSITY OF COLORADO Cancer Res. 2023;83(14):2283-2296. doi:10.1158/0008-5472.CAN-23-0161
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Barriers for IrAE Biomarkers

1 . Treg depletion/ Normal Tissues

\\;.Y‘ = or dysfunction \—> .“‘ Immune checkpoint B I nteg rati O n Of CO m p I eX

A

Treg N ?epertoire f Inhibitors \5//< d a t g se tS:
A S %) > o3 V'
—)—@ o

o oty W) o} N Sy [ 0« T cell repertoires
- - ..' o Cytokihes , ) . .
/'//'gq/neu @ ‘  Autoantibodies

J ‘ ti-CTLA4 bind
4 - /z:thogenic Tcells ! l@ anti inds

4

CTLA4 on normal

2 Generation/ Y . ; C . / .
2 A0 s rescttionot —— @Y ppanogenic P » Cytokines/chemokines
e Exhausted] :' self-reactive T cells .f\i/g, . T cells v
Anergic T ceII'.‘ / B cell number/ \\//‘Y\\"// ® H LA hap|0types

A Y

/ function ,’. I TS

Y s Autoantibodies/ de novo

Generation of antigens i \\(/ !I; — o Lo , autoantibody production SO m atl C m u tatl O n S

T cell to self and tumor I \Y \Y .

N
I
3 & Autoantibodies - =~ ‘ - .

b - ) 4 \'\ B
m  uigs S e @ —=>- < Microbiome
- W — Y = *TT cell activity to self 0

Tameor Dying.tﬁ.mor cells e ‘ ° Ci rcu Iati n g i m m u n e Cel IS

\][/ \][/ \\(/ T T %} T T 'T' @ tumor antigen
anti-CTLA4 anti-PDL1 anti-PD1 B7-1/B7-2 CTLA-4 MHC ITCR |PDL1 | PD1 O Self antigen

LIV QAAvIv VI IUUIug_y

Research Initiative

PR A S e Clin Chem, Volume 66, Issue 6, June 2020, Pages 779-793

L d
-




Putting It All Together in the Clinic

* PD-1/PD-L1 immunotherapy is the backbone of multiple curative and
life-prolonging systemic therapy options for lung cancer

* Did not offer 10O in 2 clinical scenarios:

« 64M with recurrent sqNSCLC and lung transplant
« 67F with never smoking ES-SCLC and hx ILD flares with RA

« Coordination with the physician who directs care for a patient’s AD is
necessary prior to starting 10

L)

Thoracic Oncology
Research Initiative
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Putting It All Together in the Clinic

* 68F with IV NSCLC, PD-L1 60%

i
symptoms ,

 Hx of flares requiring steroid

bursts, MTX, TNFa inhibitors T

* Received pembrolizumab plus
tocilizumab and had good control |,
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Conclusions

* Immunotherapy is SoC for 2/3 of all patients with lung cancer

* [rAE are common, unpredictable in timing and severity, and there
are limited ways to identify at risk populations

« Challenges with IrAE reflect the complexity of immunotherapy
activity on the patient’'s immune system

» Coordination with a patient’s treating physician for AD is key
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