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 Immune-related adverse events
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Immune suppression increases cancer risk

Cohort Meta-analysis SIR (95% CI) Number Observed number Heterogenity
of studies  of cancers pvalue
Breast HN/AIDS 1-03 (0-89-1.20) 6 194 060
Transplant 1-15 (0-98-1-36) 5 156 0-66
Prostate HN/JAIDS 070 (D-55-0-89) Hlk 6 202 022
Transplant 097 (078-119) 3 98 082
Colon and rectum  HN/AIDS 0-92 (0-78-1-08) 5 2 034
Transplant 1-69 (1-24-2-13) 1l 3 185 011
Ovary HN/AIDS 1.63 (0-95-2.80) 5 30 034
Transplant 155 (0-99-2-43) 3 23 061
Trachea, bronchus,  HN/AIDS 272(1.91-3.87) Hl- 7 1016 0-00
and lung Transplant 2:18(1-85-2:57) ] 3 234 025
T T T T 1
01 1 10 100 1000
SIR
Increased in both
Kidney HIV/AIDS 150 (1.23-1.83) L 6 93 079
Transplant 6-78 (5.69-B-08) [ | 5 197 0.27
Muitiple myeloma ~ HIV/AIDS 271(213-3-44) L i 6 76 078
Transplant 312 (2:13-4.57) HlH 3 1 067
Leukaemia HIV/AIDS 3.20 (2:51-4-09) Il 7 235 019
Transplant  2:38(177-379) HilH 4 51 1.00
Melanoma HIV/AIDS 1.24 (1-04-1-48) k| 6 200 037
Transplant 234 (1.98-277) [ ] 4 148 041
Increased in transplant on
Bladder HIVAIDS 075 (0-43-1-32) [ m 5 52 020
Transplant 246 (1-82-334) HlH 4 91 017
Thyroid HIV/AIDS 0-84 (0-51-1-40) — 5 43 031
Transplant 591 (4-41-7-90) HiH 5 2 030
Increased in HIV/AIDS only
Brain HIV/AIDS 218(1.29-3.68) [ = 7 192 0-00
Transplant 102 (0-64-1.63) = 4 22 068
Testis HIV/AIDS 135 (101-179) n 7 216 016
Transplant 161 (0-69-379) -l 2 7 0-49
I I I
01 1 10 100 1000
SIR

Non-infection-associated cancers
Grulich AE et al. Lancet 2007;370:59-67.

uUT southwestern




Enhanced immunity improves cancer outcomes

The development of vitiligo
improves survival in metastatic
melanoma
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Boasberg PD. J Invest Derm 2006;2658-2663.
Hawryluk EB. Pediatr Clin N Amer 2014;61:279-291.
Silvergerg NB. Pediatr Clin N Amer 2014,61:347-366.




Enhanced immunity improves cancer outcomes

SCLC patients with paraneoplastic
peripheral neuropathy live longer
than those without it

100 _

P= 018
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miai 1 ]

Hu-negative cases (n=143)

w— T

T LJ ™
0 10 20 0 40 50 60
Months after diagnosis

Grauss F et al. J Clin Oncol 1997;15:2866-2872..




Immunotherapy has been a component of cancer
treatment for decades

Nivolumab
approved for
Allogeneic NSCLC
stem cell Ipilimumab Pembrolizumab
transplant DLI for IFNa for approved for Approved for
for leukemia leukemia Melanoma, RCC melanoma NSCLC
1970s 1990s 1995 2011 2015

l | } } }
_—

1 1 ! I I

1970s 1992 2010 2014 2016
BCG for bladder IL-2 for melanoma, Sipuleucel-T Pembrolizumab Atezolizumab
cancer RCC approved for approved for approved for
prostate melanoma NSCLC
cancer Nivolumab

approved for
melanoma




In recent years, the number and uses of immune
checkpoint inhibitors has grown rapidly

Mivohmat
for unresectable

2011 2014

for unresectable
CF TETASIRNC
Melanoma

Zhang J et al. Front Oncol 2018;8:351.

Nowv 21, 2016
Draranamumahb
Dec 18, 2015 for Multiple
Pembrokmamab Myeloma
for imrecectable |
Aelanoma
Now 10, 2016
| Mivehsnab
Neow 23, 2015 Nivohmmab For SCCHN
for RCC I
Oct 24, 2016
Oct28, 2015 Ipi k Pembroimmat
for Melanoma with for first kne
complete resection MNECLC
2015 2016
| I
Oct 9, 2015 Ot 18, 2016
Mivohamab Atezalizumalb
for second line for MECLC
adeno NSCLC I
|
Oet2, 2015 simoane
Pembrolizimab for for SCCHIN
NSCLC
I |
Oct 1, 2015 May 18, 2016
Mivolomab=Ipdinemab Atezolizumab
for Melanoma (BRAF for Urothehal
W00 wild-tvpe) Carcinoma
| |
Miar4, M015
v 34-;:‘1‘3' 17, Jﬂblﬁ
for second bne for cHL
squamous NSCLC

Drec 20, 2017 Nivohwmah
for metastatic Melanarma with
complete resection
|
Sept 22, 2017, Nivohmab
for HCC
|

Sept 32, 3017 Pembrolizumab
for gasiric cancer

I
Aug 1, 2017 Nrvohmab
for coborectal cancer

|
May 23, 2017 Pembrolzumat
for colorectal cancer and other
solid mamor

2017

May 18, 2017 Pembrolizamab
for Urothelial Carcmeona
|
Niay 10, 2017 Pembrobzamab
for Non-squamous NSCLC
|
May 9, 2017 Avehmmab
for Urothelial Carcmoma
I
Miay I, 2017 Durvabarmab
fior Urothelal Carcinoma
|
Miar 23, 2007 Avehmnab
for MCC
I

hiar 15, 2017 Pembroizumab
for cHL
I

Feb 2, 2017 Nnvohamab
for Urothelial Carcmoma

2018
I

Feb 16, 2018
Durvahmmab

for unresectabls
NECLC
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Checkpoint inhibitors represent the mainstay of lung
cancer immunotherapy

CTLA4: Cytotoxic T lymphocyte antigen 4
PD-1: Programmed death 1
PD-L1: Programmed death ligand 1

Priming phase

"( Activation signal

B7 _)1 cD28

~_|Inhibitory signal

Tumor

” Effector phase

Fumito, Chang. Surg Oncol Clin N Amer 2013;22:765-783
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These drugs have far more similarities than they
do differences

- ? .

Efficacy: Half-life?

icitv? . .

Toxicity:: Infusion reactions? ADCC?
Target Company Drug ID Generic name Brand name Species Isotype
PD-1 Bristol-Myers BMS-936558/MDX-1106 Nivolumab Opdivo Fully human leG4

Squibb
PD-1 Merck MK-3475 Pembrolizumab Keytruda Humanized leG4
PD-1 CureTech CT-011 Pidilizumab Humanized leG1
PD-L1 Genentech / MPDL3280A Atezolizumab Tecentriq Humanized lgG1
Roche
PD-L1 Medlmmune / MEDI4736 Durvalumab Imfimzi Fully human lgG1
Astra-Zeneca
PD-L1 Merck KGaA MSB0010718C Avelumab Bavencio Fully human leG1l
PD-L1 Bristol-Myers BMS-936559/MDX-1105 Fully human leG4

Squibb




... Similar to other medical treatments

Simvastatin Quinapril
Pravastatin Benazepril
Atorvastatin Perindopril
Rosuvastatin Captopril
Fluvastatin Moexipril
Enalapril
Lisinopril

Fosinopril




For non-small cell lung cancer, most immunotherapy
use does not require PD-L1 testing*™

Early-Stage (stages lI-11l) NSCLC

Adjuvant atezolizumab Y PD-L121%
Locally Advanced (stage Ill) NSCLC
Consolidation Durvalumab N

Advanced (stage IV) NSCLC

1L Pembrolizumab Y TPS 21% (was 250%)
1L Cemiplimab Y PD-L1 21%

1L Carbo-Pem + Pembrolizumab N

1L Carbo-Paclitaxel + Bev + Atezolizumab N

1L Ipilimumab + Nivolumab Y PD-L1 21%

1L Ipilimumab + Nivolumab + Chemo N

2L Nivolumab N

2L Atezolizumab N

Y TPS 21%

2L Pembrolizumab
'embrolizumab may also be administered (to any cancer type) if MSI or TMB high |



Different diagnostic antibodies, cut-points, tumor/immune cell
evaluation, and platforms complicate PD-L1 assessment

Immune checkpoint inhibitors and matching PD-L1 assay
PD-L1

Drug PD-L1 IHC Detection
Drug antibody  Auto stainer
Target assay Epitope system
Nivolumab PD1 28-8 Extracellular
Dako Link 48 Envision Flex
Pembrolizumab PD1 22C3 Extracellular
Atezolizumab PD-L1  SP142  Cytoplasmic Optiview + —\ csesses TC and IC
Ventana Amplification
) Benchmark o
Durvalumab PD-L1 SP263 Cytoplasmic Optiview
Avelumab PD-L1 73-10 Cytoplasmic Dako Envision Flex

Courtesy of Fred Hirsch, MD PhD




Fortunately, there is reasonable concordance for PD-
L1 staining on tumor cells*

100 =
90 % Tf'i
50 4 d{ L
o 70 '.-{J_}...l'. 5 F
£ 60 ) iyt
g 50 - 4 ¥ %ﬁ&i e
é 40 ;:ﬁ?& } #bji;':;*i ">
30 fja ‘li
201 NG
10 A ! e . i ;
I sP263 . | SPi42
2;. I; ‘5 7‘ S‘) 1‘1 1‘3 1‘5 1‘7 1‘9 2‘1 2‘3 2‘5 2‘7 2‘9 3‘1 3‘3 3‘5 3‘7 3‘9 . . X L
cases Conclusion: 3 assays showed similar staining
W 22c3 B 208 [ Spuz [ Speos characteristics for PD-L1 staining on tumor cells, but
Each dot represents mean score of 3 pathologists SP142 (a_teZOHZumab companion d|agn05t_|c)
comparatively showed less tumor cells stained

Hirsch FR et al. J Thorac Oncol 2017;12:208-222.

Courtesy of Fred Hirsch, MD PhD *But more variability for immune cell staining
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Response rate (%)

In lung cancer, clinical context limits the predictive
capacity of PD-L1

100
g0
80
70
&0
50
40
30
20
10

Biomarkers for other therapies may
be far more informative

+

Anti-PD1 EGFR inhibitor
Advanced non-small cell lung cancer

Adding anti-PD1 immunotherapy to chemotherapy
improves outcomes regardless of PDL1 expression

{REC'ST vi.1, BICR) _ Pembra/Pem/Platinum [}
Placebo/Pem/Platinum .
— ]
?‘S 0 1 P « 00001
Q 30 4
& 10 ] P* = 0.0001
¢ i P* = 0.0055
%
g 10 4
30 4
& 0 4
Lt .
< ]
TPS =1% TPS 1-49% TPS 250%
{Includes all CRs)
Negative Intermediate Positive

Gandhi L. AACR 2016




Determining PDL1 status up-front may be
challenging

1934 patients entered screening

1729 submitted samples for PD-L1 assessment

1653 samples evaluable for PD-L1

200 TPS 250%

L)
(30%) 1153 TPS <50%

(26% of screening population)

KEYNOTE-024. Presented by Martin Reck, MD. ESMO 2016.




Staying humble: biomarker results reflect
technical considerations as well as tumor biology

40% of PD-L1 250% cases were <50%
when retested

EMPOWER-Lung trial of Cemiplimab in PD-L1 250% (N=710)

uUT Southwestern |




Perhaps surprisingly, there is not a clear association
between tumor mutational burden and PD-L1 expression

bTMB 216
" . TC3oriC3 « Non-significant overlap between the
y. D bTMB 216 and TC3 or IC3 subgroups
7N\ (Fisher exact test, P = 0.62)
/N —19.2% of tumors with bTMB 216
.' ' '. -. were also TC3 or IC3
| N=126 [ N=30 | N=7T3 — 29.1% of tumors with TC3 or IC3
'- \ also had bTMB =16
\\ ,f ;
~ N =103

a PD-L1 expression was evaluated by immunohistochemistry
(IHC) using the VENTANA SP142 assay;

TC3 or IC3, 250% of TC or 210% of IC express PD-L1.

BEP, biomarker-evaluable population; IC, tumor-infiltrating
immune cell; TC, tumor cell.

Hellman MD et al. Cancer Cell 2018;33:1-9.




Perhaps surprisingly, there is not a clear association between

tumor mutational burden and PD-L1 expression

~1000 . .
2 . . +
.I‘% - . : L] . High
£ 316 R : TMB
243 i b e——t— — - - — —
: I ' .
® .3 : ; ' Low/medium
@ 100 s g ] . . “TMB
» .
E * . : 5 . . e !
5 32 - .
,E, - . . * *
g 10 . * . .
P‘ -
T L
25 50 75 100

PD-L1 (% tumor expression)

Peters S et al. Oral presentation at AACR 2017. CT082.

High TMB
High PD-11

Low/medium TMB

High PD-L1
LT
LTl - B LY
g :;ﬁnﬁ.ﬂ*‘f
H,Eﬁnuﬂ Bl ntnd
] 4y
RCCC S T A
High TMB
Low PD-L1
DC::%E':.':J o h?‘?:ﬁ&
e bt [} =
Spiee? B lgugg
- ‘?.;,:-‘:: =fo0%

Hypotheses
PD-L1 may be a surrogate
marker of high TMB-induced
inflammation (T cell infiltration
and IFN-y—associated
activation)

TMB may not be the only driver
of inflammation, and alternate
pathways (e.g., quality
neoantigens and strong
immunogenicity) may lead to
PD-L1 upregulation

Tumors may have T cells
excluded, preventing
inflammation with lack of
PD-L1 upregulation




There are too many lung cancer immunotherapy
trials to keep track of

Trees (Oak, Poplar) or
IMpower

Atezolizumab

EMPOWER Cemiplimab

Bodies of water (Mystic,

Adriatic, Atlantic, Pacific) Durvalumab
CheckMate Nivolumab
KEYNOTE Pembrolizumab

UT Southwestern | HCl |
LTI N i :':I|I|Illr.:-|;



Eliminating chemotherapy: 1L 10 monotherapy -2
still best used in PDL1 high cases?

Initial FDA approva Subsequent FDA approval
Events HR[95%Cl) P

&H\_ PD-L1> 50”1”0 . I g PD‘-L1 2" 1“/;1
X\ 44.7% o \ 39.3%
e Median (95% CI)

\«\% 16.7 mo (13.9-19.7)
e, 12.1 mo (11.3-13.3)

—"_\.._-..

=

=

Median (95% Cl)

o5, ®
cEEHANS

12.2 mo (10.4-14.2)

I*_l"l.,

4

Months

-
1L

-1/3 cases A : -2/3 cases

Events  HR (95% Cl) If | m hemother hen
.'\PD-Ll 1-49% Pembro 214 (3.3%) . 002 O same as chemotherapy, the
Median (95% Cl)

(0.77-1.11) presumably not as good as chemo + 10
\\ | 34.6%

0 M—A 12.1 mo (11.0-14.0)
42

~1/3 cases

KEYNOTE 042. Lopes G, et al. ASCO 2018. Abstract LBA4.

UT Southwestern &
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Within the high PD-L1 stratum, PD-L1 expression
level may influence outcomes

EMPOWER Lung: cemiplimab vs chemotherapy in PD-L1 250%

—i- Cemiplimab PD-11 <50% or unknown —— Cemiplimab PD-L1 >60% to <90%
#— Chemotherapy PD-L1 <50% or unknown Cemiplimab PD-11 =50% overall mean
-#- Chemotherapy PD-L1 =50% -3~ Cemiplimab PD-L1 =90%

Cemniplimab PD-L1 =50% to sbi0%

=)

104

PD-L1 50-60%

30+

b 4 4 4 4444 |PD-L160-90%

40

Percentage change from baseline in the
diameter of target tu mour measurement (LOCF)

% — . v v - - = |PD-L1 290%

5"3 T I L] L] ] ] 1 I 1
0 3 6 ] 12 15 18 il 24 27

Time [months)




In PD-L1 <50%, combination with chemotherapy
frequently preferred

KEYNOTE-189

TPS <1% TPS 1-49%
HR HR
Events  (95% CI) Events  (95% CI)
Pembro/Pem/Plat  38.6% 0.59 0.0095 28.9% 0.55 0.0081
Placebo/Pem/Plat  55.6%  (0.38-0.92) 483.3%  (0.34-0.90)
1004 61.7% 1004 71.5%
9] - 52.2% 90 4 50.9%
80 - 50 -
704 704
_ B0- B0
o 50 A 50
© a0 t \ S an
304 30 J
204 Median (95% CI) 20  Median (95% CI)
104 152 mo (12.3.NE) 104 NR (NE-NE)
12.0 mo (7.0-NE) 12.9 mo (8.7-NE)
I:I L] L] L] L] L] I:I L] L] L] L] 1 1
o 3 6 9 12 15 18 0 3 & 9 12 15 18 21
) Months ) Months
MNo. at Risk MNo. at Risk
127 113 104 7§ 42 20 G 128 119 108 84 52 21 g I}
[ a4 45 32 21 G 1 8 A4 47 32 17 a 2 I}

=Nominal and one-sided. Data cutoffdate: Nov &, 2017.

KEYNOTE-189.

0S, %

TPS 250%
HR
Events {95% CI) P
25.8% 0.42 0.0001
51.4% (0.26-0.68)
1ad 73.0%
o0 4 48.1%
a0 4
704
G0 4
50 4 1
40 4
304
204 Median (95% ClI)
10 - NR (NE-NE)
10.0 mo (7.5-ME)
I:I L] L] L] L] L] 1
0 3 5 o 12 15 18 M
) Months
MNo. at Risk
132 122 114 96 a6 i) f I
70 64 a0 34 19 13 4 I




Atezolizumab combinations did not exclude
“targeted therapy” populations . ..

IMpower 150

/ Stage IV or \

recurrent metastatic
nonsquamous NSCLC
Chemotherapy-naive?
Tumor tissue available for
biomarker testing
Any PD-L1 IHC status

Stratification factors:

+ Sex

+ PD-L1 IHC expression
+ Liver metastases

k N=1202 J/

ArmA
Atezolizumab® +
Carboplatin® + Paclitaxeld
4 or 6 cycles

Arm B
Atezolizumab® +
Carboplatin® + Paclitaxeld
+ Bevacizumab®

4 or 6 cycles

Arm C {control)
Carboplatin® + Paclitaxel®
+ Bevacizumab®
4 ar 6 cycles

Maintenance therapy
(o crassaver paermitted)

Atezolizumab®

Atezolizumab®
+
Bevacizumab®

Bevacizumab®

4 ik

Treated with
atezolizumab
until PD per
RECIST v1A
or loss of
clinical benefit

AND/OR

Treated with
bevacizumab
until PD per
RECIST v1.1

e /

“ Patlents with a sensitizing EGFR mutation or ALK translocation must have disease progression or mtolerance of treatment with one or more approved targeted theraples.
b Arezolrumab: 1200 mg [V gdwe © Carboplatin: BUC 6 IV g3w. © PacBaxel: 200 mg/m? IV g3w. # Bevacizumab: 15 malkg IV giw.

uUT southwestern
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... In which they seemed effective

Median OS, mo

Subgroup n (%)2 ArmB Arm C
PD-L1-High (TC3 or IC3) WT 136 (20%) — 0704 \ 25.2 15.0
PD-L1-Low (TC1/2 or IC1/2) WT 226 (32%) — 0804 : 20.3 16.4
PD-L1-Negative (TCO and ICO) WT 339 (49%) 0829 |, 17.1 141
Liver Metastases WT 94 (14%) = 0534, ! 13.2 9.1
No Liver Metastases WT 602 (86%) P83y 19.8 16.7

. 0.76
ITT (including EGFR/ALK+) 800 (100%) I, 19.8 14.9
l EGFR/ALK+ only 104b (13%) 054e NE 175 |
2 556 (577 e o2 17,
0.2 1.0 ZTC'

Hazard Ratio®

Infavor of &rm B: Infaver of Arm G
atezo + bev + CP bev+ CP




Combination immunotherapy has also been
approved for advanced NSCLC

CheckMate 227 Part 1 Study Design?

NIVO + (low-dose) IPIP
Part 1a n =396
s
expression2 =
Key Eligibility Criteria 1% n =397
¢ Stage IV or recurrent NSCLC N < 1189 NIVO?
oo prior' s.y.stemic therapy. n =396 Treatment until disease
* No sensitizing EGFR mutations or orogression, unacceptable toxlcity,

known ALK alterations NIVO + (low-dose) IPIP or for 2 years for immunotherapy
* No untreated CNS metastases n=187
« ECOG PS 0-1 Part 1b =
.. PD-L1 Chemos
Stratified by SQ vs NSQ expression< n=186
1%

\4

\ 4

N =550

Independent co-primary endpoints: NIVO + IPl vs chemo Secondary endpoints (PD-L1 hierarchy):

e PFSin high TMB (=10 mut/Mb) population e PFS:NIVO + chemo vs chemo in PD-L1 < 1%

« 0Sin PD-L1= 1% populationd e OS: NIVO +chemo vs chemo in PD-L1 < 1%
e 0OS: NIVOvs chemo in PD-L12=50%

S. Peters, ESMO 2019; Database lock: July 2, 2019; minimum follow-up for primary endpoint: 29.3 months 26

Courtesy of Hossein Borghaei, MD

uUT southwestern ‘ — ]



This combination appears particularly beneficial in
high tumor mutation burden (TMB) cases . . .

Progression-free survival . Duration of response

HR 0.58 (97.5% ClI, 0.41-0.81)

;

100, P<0.001 £ ol
g0d L § 20~ o . .
80- @, 704 68 Nivo + Ipi
70 @ 60 i
60- . . w 507
50 43 Nivo + Ipi £ 404 :
40 - T 30 : Chemo
30 : 2 204 125 -
20- 113 Chemo g 104
10 - ~
. : ; o 0 T T T T T T 1
T T T f T T T \ 0 3 6 9 12 15 18 21
0 3 6 9 12 15 18 21 24
Months Lot

High Tumor Mutation Burden (TMB): 210 mutations/Mb




... regardless of PD-L1 expression

PD-L1 21% PD-L1 <1%
g 100 HR 0.62 (95% ClI, 0.44-0.88) ‘_;5 100+ HR 0.48 (95% CI, 0.27-0.85)
E 90 A, S| 90+ ‘.':.-__
S| 80 S| so0-
g 70+ 3 2 I
O 604 \ o| 6o- % ) )
"T| sod " 142 _NiVO + Ipi "z 50+ N 3 45 _ !\IIVO + Ipi
Ol 407 5 . o| 401 o—o—o—
0| 304 Y . ‘ol 30-
§ 20- _.,_&_;ilﬁ; _ Chemo I 20- Chemo
o] 104 : " * ol 104 — .18
e {] T I I : | | | 1 9 0 I ] 1 T T I | 1
a8 0 3 6 9 12 15 18 21 24 [a¥ 0 3 6 9 12 15 18 21 24
Months Months

High Tumor Mutation Burden (TMB): 210 mutations/Mb
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Selecting among these recently approved
combination regimens: clear as mud

PD1 + Chemo PD1 + CTLA4 PD1 + CTLA4 + Chemo

Courtesy of Hossein Borghaei, MD

ersouthwestern | &



How does a world-class expert in lung cancer (not
me) recommend using immunotherapy regimens?

Non-Squamous Squamous
PDL1 > 50% Pembro > Pem/Carbo/Pembro Pembro > Taxane/Carbo/Pembro
PDL1 1-50% Pem/Carbo/Pembro > Pembro Taxane/Carbo/Pembro > Pembro

PDL1< 1% Pem/Carbo/Pembro Taxane/Carbo/Pembro
PDL1 < 1%, Pem/Carbo/Pembro vs Ipi/Nivo* Taxane/Carbo/Pembro vs Ipi/Nivo*
TMB > 10
TKI-Refractory** Pac/Carbo/Bev/Atezo or Pem/Carbo + Bev
Tissue QNS Pem/Carbo/Pembro Taxane/Carbo/Pembro

*Ipilimumab/Nivolumab * 2 cycles of histology-appropriate chemotherapy (9LA)
**Bevacizumab-containing regimens may also have role if effusions or edema from brain mets

Corey J. Langer, MD, FACP

Director, Thoracic Oncology
Abramson Comprehensive Cancer Center

University of Pennsylvania
Philadelphia, PA




Regardless of 10 regimen, immune-related adverse events
are largely unpredictable and potentially severe

Pneumonitis after 3 doses
Antiphospholipid syndrome after 4 doses

Rashdan S et al. Lancet Respir Med 2018;6:472-478. Gupta A et al. Melanoma Res 2017;27:171-173.




Immune-related adverse events may affect almost any
organ system

Immune-related adverse events (irAE) may affect almost any organ system

Hypophysitis ﬁ Endophthalmitis
Thyroiditis

Dermatitis \
/)

\ Pneumonitis

Hepatitis / / / \\ \ Pancreatitis/diabetes
Colitis ZJ‘/ \3 Nephritis

Pre-existing active

autoimmune diseases

requiring immune a
suppression generally

considered contraindication
to checkpoint inhibitor

Treatment: withhold/discontinue therapy
) (no dose modifications), administer steroids
immunotherapy + other immunosuppression

https://www.appitierre.com/blog/the-adapt-learning-framework-and-the-elephant-in-the-room/



https://www.appitierre.com/blog/the-adapt-learning-framework-and-the-elephant-in-the-room/

Autoimmune disease occurs in a substantial minority of
patients with cancer, and may be challenging to diagnose

RESEARCH LETTER A FOXNEWS Health

Prevalence of Autoimmune Disease Among Patients

WIth Lung cance E Impi Icat lons fﬂlr Immunutherapy Men's Health  Women's Health  Children's Health  Alternative Medicing  Diabetes  Hearr Health  RNu
Treatment Options

CAMCER

e Cancer treatment untested in many
i uan, hD . " "
e patients with immune problems

¥ msn lifestyle v

The Reason Millions Of Cancer Patients Are Excluded From
Immunotherapy

NASA Mars space Cancer Apple
SCIENCEWORLD REPORT ..........

Almost 25 Percent Of Cancer Patients Are

Ineligible For Immunotherapy, Researchers
Say

Khan SA et al. JAMA Oncol 2016;2:1507-1508.




Autoimmune disease occurs in a substantial minority of
patients with cancer, and may be challenging to diagnose

Table 1. Characteristics of Lung Cancer Patients With Autoimmune Disease Table 2. Prevalence of the 10 Most Common Individual Autoimmune
With Autoimmune Diseases Among 210 509 Patients With Lung Cancer
Patient Characteristics Al Patients, No. Disease, No_ (5%) P Valwe®
Total 2100 509 18453 (11.5) Butpimmune Disease Prevalence, %
Age Rheumatoid arthritis 5.9
<75 94 804 11664 (12.3) <.001 Psoriasis 18
=7 < o . .
=75 to <85 92 045 13529 (14.7) 001 Palymyalgia rheumatic 18
=B85 23 660 3260 (13.8) <001 -
Addison disease 1.0
Sex
Female 97 494 16374 (16.8) <001 Systemic lupus erythematosus 0.9
Male 113015 12079 (10.7) <001 Ulcerative colitis 0.2
Stage (AICC) Giant cell arteritis 0.8
| 36152 6331 (17.5) <.001 Sicca syndrome 0.6
! o738 el bl w0t Regional enteritis 0.5
I 51542 6692 (13) <.001 o = =
" e 9302 (12) e eniére disease, unspecifie .
Other 16774 5100 (13.3) <00l Total (any autcimmune disease) 13.5

Estimated prevalence:
* 13.5% (claims “rule-out” method: >2 outpt claims =30 days apart or 21 inpt claim)
e 24.6% (more liberal method: 21 claim of any type)

If autoimmune disease is difficult to diagnose, what about

diagnosing immune-related adverse events?
Khan SA et al. JAMA Oncol 2016;2:1507-1508.




Remember that most chemotherapy toxicities are readily
diagnosed and characterized

35

Ref. Range 12472019 1022|
CK, TOTAL Latest Ref Range: 39 - 308 UL 4.0\ S%
LD Latest Ref Range: 135 - 225 UL . | \ '
SODIUM Latest Ref Range: 135 - 145 mmoliL 139* | UTSWO- O s
POTASSIUM |atest Ref Range: 3.6 - 5.0 mmol/L _ .41 \
CHLORIDE L.atest RefRange: 98 - 108 mmoliL do4" c%D\, De\ax{ed
co2 Latest RefRange: 22 - 31 mmollL wEs
ANION GAP Latest Ref Range: 6 - 16 mmollL _16*
GLUCOSE Latest Ref Range; 70 - 138 mg/dL 243+ |
BUN Latest Ref Range: 6 - 23 mg/dL 29+~
CREATININE Latest Ref Range: 0.67 - 1.17 mg/dL 108t
eGFR African American Latest Ref Range: >60 mLimin/1.73 m2 _>60*
©GFR Non-African American | Latest Ref Range: >60 mUmin/1.73 m2 B0
BUN/CREAT RATIO Latest Ref Range: 10.0 - 20.0 mg/mg creat 26.9**
CALCIUM Latest Ref Range: 8.4 - 10.2 mg/dL 95+
Protein Tolal Latest Ref Range: 6.6 - 8.7 gidL 6.3% i
ALBUMIN Latest Ref Range: 3.5- 5.2 gidL 31, | of
ALK PHOS Latest Ref Range: 40- 120 UL 462*~ EO)‘ Y
BILIRUBIN, TOTAL Latest RefRange: 0.2- 1.3 mofdl 05*
GLOBULIN Latest Ref Range: 1.5- 3.3 g/dL 32+
AlG RATIO Unknown 1.0
MAGNE SIUM Latest Ref Range: 1.6 - 2.6 ma/dl 17
PHOSPHORUS Latest Ref Range: 2.4 - 4.5 mg/dL - _3,‘5 =
URIC ACID Latest Ref Range: 3.4 - 7.0 mg/dL 79%; af \
ALT Latest Ref Range: 10 - 50 UL L i P
AMYLASE Latest Ref Range: 28 - 100 UL 92 2
AST Latest Ref Range: 10 - 50 UiL 46"
LIPASE Latest RefRange: 7-59 UIL 15
PROTIME Latest RefRange: 9.5 - 12.8 Sec m9 \
3 Latest Ref Range: 09- 13 L Thrombocytopenia:
PTY Latest Ref Range: 23.0 - 32.5 Seconds 37~ \‘. o o
WBC Latest Ref Range: 4.00 - 11.00 x10(9)L Ly °
RBC LatestRef Range: 4.00 - 5.80 X10(12)L — Ve Quantified by lab
HEMOGLOBIN Latest RefRange: 12.4-17.3 gidL va I ue
HEMATOCRIT Latest RefRange: 37.0 - 50.0 % ] 2 ‘1, .
MCV Latest Ref Range: 80.0-8B.0fL b °
MCH LatestRef Range: 27.0- 33.0 pg | No Other Ilkely Cause
MCHC Latest RefRange: 33.0 - 35.0 gidL. |

LatestRef Range: 150 - 450 x10(8)L

SRR S

Latest Ref Range: <=0.0 %

LatestRef Range: <=0.00 x10{9)L




Chemotherapy toxicities are also relatively easy to
predict

1 CHEMO

Acute N/V
Tissue inj.

2
Acute N/V

3
Delayed
N/V

4
Delayed
N/V

)
Delayed
N/V

6
Delayed
N/V

-

Delayed
N/V

8

10

11

12

13

14

23
Alopecia
this cycle
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Clear differences between trial reports and institutional
experiences suggest otherwise for immune-related AE

CheckMate 057: 4% pneumonitis

Select adverse event category

Pulmonary
Pneumonitis
Interstitial lung disease

Nivolumab
n=287

Any Grade Grade 3-4

8(3)
2 (1)

3 (1)
1(<1)

BorghaeiH etal. N Engl J Med 2015;373:1627-39.

Johns Hopkins: 19% pneumonitis

Table 1. Baseline Characteristics

Characteristic CIP in = 3% Mo CIP (n = 166) All Patients (N — 205)

Septal Thickensis Traction Broachiectasis

Suresh K et al. J Thorac Oncol 2018;13:1930-9.




Rates of immune-related AE varied between reviewers
and generally exceeded those reported in clinical trials

30-

Adrenal lnlsufﬁciency Coiitis Hep‘atilis Hyperihlyroidism Hypop'hysﬁis Hypoth;froidism Pneurlnonitis Ha'sh
irAE

N
(=]

Incidence (%)

Neither reviewer consistently identified more/fewer toxicities than the other reviewer

Hsieh D et al. JAMA Network Open 2019.




Inter-observer agreement was poor (k<0.7) for all immune-

related AE except hypothyroidism

Colitis Hepatitis
Adrenal insufficiency
Observer 1 Observer 2
2 2 2 1 4 3 1 7 2
Cohen's k=0.46 I
Weighted k=0 4 i v Cohen’s k=0.63
' Weighted k=0.59
Hypothyroidism Pneumonitis
Hypophysitis
1 1 2 1 12 2 7 11 3
Cohen's k=0.37
Weighted k=0.31
Cohen's k=0.8

Cohen’'s k=0.55

Weighted k=0.75 Weighted x=0.58

Hyperthyroidism

Cohen's k=0.64
Weighted xk=0.57

Rash
2 3 1
Cohen’s k=0.64

Weighted k=0.64

Agreement on immune-related AE grading similarly limited (weighted k 0.31-0.75)
Hsieh D et al. JAMA Network Open 2019




The unpredictable timing of immune-related adverse events also
keeps us on our toes

Symptom onset

=]
§ o § 8 B 5 B
EII N e e B . N o .
NN =
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e = — =g
New-onset Raynaud’s phenomenon 22 — -
months after anti-PD1 + anti-CTLAA4 started
. ——
=—__
t——

Khan S et al. Oncologist 2020. 125 autoantibodies over time




Conclusions

 There is a strong rationale to harness the immune system for cancer treatment

» Despite decades ofefforts, only recently have we seen meaningful progress, in the form of
immune checkpoint inhibitors (ICI)

« Differences between various anti-PD1 / PDL1 inhibitors appear to be negligible

o Tumor PD-L1 expression is a useful but clearly imperfect biomarker

 Most lung cancer ICl indications do not require PD-L1 results

» Selecting among the various ICIl-containing regimens in advanced NSCLC is difficult and
lacks high-level evidence to support the decision

 Factors that may influence selection ofregimens: (@) PD-L1 availability, (b) PD-L1 results,
(c) functional status, (d) EGFR/ALK status, (e) tumor burden, (f) effusions/brain mets, (g)
tolerance for autoimmune toxicities

 Immune-related adverse events (irAE) remain largely unpredictable, potentially severe,

and difficult to diagnose
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