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Immunoprofiling as a predictor of patient’s response to
cancer therapy—promises and challenges
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Daniel Bethmann'<, Zipei Feng™ and Bernard A Fox™
Table 1
Association of immune cell infiltrates with prognosis in cancer
Histology Markers tested* Type of assessment  Effect on prognosis’ and significance ##, # First author Year
Melanoma CD3, CD4, CD8, Pathologist High intratumoral number of CD3, CD4 and Kakavand 2015
FoxP3, CD8 is favorable.
PD-1 High peritumoral number of PD-1+
Ilymphocytes is unfavorable [52). ##
CD8, D20, CD45 Pathologist, High intratumaral density of CD8, CD45 and ~ Erdag 2012
Aperio Software CD20 is favorable [53]. ##
CD4, CD8, CDEB, Pathologist High intratumoral density of CD4 and CDBas  Piras 2005
HLA-DR well as the presence of HLA-DR cells is
favorable [54). #
D3, D4, CDB. Pathologist number of CD4 and CDBis ~ Al-Batran 2005

High intratumoral
favorable [55]. ##

...87 references in 21 diseases correlating immune profiling with clinical outcome
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T cell function at tumor cell: to kill

T cell function at tumor cell: or not to kill

Antigen
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Types of immunotherapy

T cell checkpoint modulation

Cell Therapy
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Three signals for antigen-specific
T cell activation

Signal 1 Signal 2 Signal 3

T cell shuts [ (Tcellis ’ J ‘ @
activated /J
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% Cytokines
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Normal cells Only special cells like
can't activate T cells DCs can give the “all clear”
2nd signal to T cells
9
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T cell checkpoint modulation
Activating Inhibitory
receptors receptors
4-1BB @,
Agonist | 7 &S Blocking
antibody 9 GITR O ’ antibody
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CTLA-4, a negative regulator of T cell activity
limits the responsiveness of activated T cells

0 hr 0-24 hr 24-48 hr
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T cell makes
CTLA-4
Signal 2 Stop signal,
“all clear” cell cycle arrest
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Ipilimumab (human anti-CTLA-4) was
approved for the treatment of metastatic
melanoma by FDA in 2010
100 1.,
iz CR PR SD 2-year
90 ﬂ\.‘ —— Ipilimumab 0.3 mg/kg 0% 0% 14% 18%
s===-=:|pilimumab 3.0 mg/kg 0% 4% 22% 24%
807 Ty - - - - Ipilimumab 10 mgrkg 0% 8% 18%
T 70+ i
£ e0q
®
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s 40
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o+—T—TTTTTT T T T T T T T T T T T T T T T T T
0123 456 7 8 9 1011 12 13 14 15 16 17 18 19 20 21 22 23 24
Time from randomisation (months)
Patients at risk
0.3mglkg 73 67 61 58 53 50 47 45 38 33 33 29 27 25 24 21 17 17 15 14 14 13 12 12 12
3.0 mglkg 72 70 64 58 54 50 47 43 39 34 30 28 26 24 23 23 22 21 20 20 20 19 18 17 16
10 mglkg 72 70 63 58 53 47 45 42 41 40 39 33 31 29 28 27 25 24 22 20 19 19 19 18 18
Wolchok et al. 2010. Lancet Oncol.
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12

2/18/2021



Which T cells are affected by ipilimumab (aCTLA-4)7?

Antibody Activated T cells

Activated __‘;> Activated

a T cell T cell
WA, e

AR T4
o B oo 10

* Resistance to B7.CTLA-4 anergy
\ /// * Maintenance of activity
Regulatory T cells
} l ~ -.

aCTLA4
(Ipilimumab)

.} ]
+ Reduced suppressive function
- Depletion of Treg cells

The efficacy of anti-CTLA-4 therapy increase in patients who have higher
percentages of activated tumor-specific T cells at the time of treatment

13
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Importance of PD1 / PDL1 blockade
'_I'-cell mediated
immune response
14
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PD1/PDL1 inhibition

Rapid, deep durable responses
Across a wide range of tumors
Seen in a subset of patients

FRTR————

NSCLC: Avelumab
Gulley JL et al. Lancet Oncol 2017

in argetlesions from baseline ()

Changel

s ke 2lo O 6 T 18 24 30 3 4 48 54 6 66
tuay (@ays) Time since start of treatment (wecks)

Urothelial: Atezolizumab NSCLC (squamous only): Nivolumab
Powles T et al. Nature 2014 Rizvi NA et al. Lancet Oncol 2015

PO-L1 negative

o /?Z\ = PD.L1 positive

Change From Baseline (%)

0 6 1z 18 24 30 36 42 4B B4 60 66
Time (weeks)

Urothelial: Durvalumab HNSCC: Pembrolizumab
Massard C et al. JCO 2016 Seiwert TY et al. Lancet Oncol 2016

R
Time Since Treatment Iniiation (weaks)

Urothelial Ca: Avelumab
Apolo AB et al. JCO 2017

o

z
LN

Urothelial Ca: Pembrolizumab
Plimack ER P et al. Lancet Oncol 2017

15
FDA Approved Anti PD-1 Antibodies*
Melanoma 2014 2014
NSCLC 2015 2015
RCC 2015
HD 2016 2016
SCCHN 2016 2016
Bladder 2017 2017
MSI-hi / dMMR 2017
*Dates represent year of first approval in that disease. Subsequent
approvals within disease have occurred for some cancers.
Similar side effect profile
Similar level of clinical activity (no head-to-head
studies)
16
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FDA Approved Anti PD-L1 Antibodies

—mm

Atezolizumab  Bladder 5/18/2016 1gG,
NSCLC 10/18/2016

Avelumab MccC 3/23/2017 1gG, Yes
Bladder 5/29/2017

Durvalumab Bladder 5/1/2017 1gG, No

Similar side effect profile
Similar level of clinical activity

ADCC

--Con: PD-L1 can also be on activated T-cells

(Avelumab ADCC tumor >> PBMC, Boyerinas B et al., Ca Imm Res 2015;
No in | PD-L1+ subsets, Heery C et al., Lancet Oncology 2017)

--Pros: 1) Another shot on goal, 2) Combination therapy

17

Importance of PD1 / PDL1 blockade

T-cell mediated
immune response

6 « PD-L1
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Avelumab: MCC patient 101-0003

baseline 4 months

19

Avelumab: PFS at 21 year of follow-up*

PFS with 2L+ treatment in distant mMCC'-3
Chemotherapy

1004 Cowey 2016 Becker2016  lyer2014 (cument study)
(n=20) (n=34) (n=30) (N=88)
90 Line of therapy 2L+ 2L+ 2L 2L+
Median PFS, months 2.1 3.0 20 27
B 80+ (95% Cl) (1.0-32) (2.6:3.1) (1.32.7) (1.4-6.9)
o
2 70
: prs | N=88 |
2 604
e Events, n (%) 55 (62.5)
& 50
< 1-year rate, % (95% Cl) 30 (21-41)
B 40
¢
9 304
,9_ l—o—l — Avelumab
207 ~— Cowey 2016
104 ~ Becker 2016
— lyer 2016
0+ T T T T T T T T T T T T T
0 2 4 6 8 012 4 16 18 20 22 24 26

Months from start of systemic therapy
Number atrisk 88 43 32 30 27 24 21 11 8 6 5 2 1 0
2L+, second line or later

*Tnis figure is for illusirative purposes only and is not a direct head-fo-head comporison,
1. Cowey CL, et al. Value Health. 2016;19(7):Abstract A717. 2. Becker J, et al. Ann Oncol. 2016:27 (Suppl):Abstract 1154P. 3. Iyer JG, et al. Cancer Med. 2016;5(9):2294-301.
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0
Bellmunt, et al., NEJM, 376: 1015-1026, 2017 Chemotherapy 272 188 85 56 27 17 10 5 1 0 0

A Overall Survival

KEYNOTE 045 lgg: Hazard ratio for death, 0.73 (95% Cl, 0.59-0.91)
= = P=0.002
R 30
(Pembrolizumab in 3 o
o g 60
Urothelial Cancer) -
_;: 404 Pembrolizumab
jg 30-
0S: Median 10.3 g ig: Chemotherapy
months versus 7.4 o+
0 2 4 6 8 10 12 14 16 18 20 22 24
months Months
No. at Risk

Pembrolizumab 270 226 194 169 147 131 87 54 27 13 4 0 0
Chemotherapy 272 232 171 138 109 89 55 27 14 3 0 0 0

PFS: Not significantly
different

B Progression-free Survival

8 lgg: Hazard ratio for disease progression or death,
§ 0.98 (95% Cl, 0.81-1.19)
§D 804 P=0.42
AE: Fewer TRAE of g
any grade in the 83
. 5
pembrolizumab £°
2 27 embrolizumal
group (60.9% versus i pembrotzumad
& 'Chem‘olherapy

90.2%) % 4'1 é é lIO 1‘2 1‘4 1I6 18 20

Months

o

No. at Risk
Pembrolizumab 270 165 85 73 56 51 23 16 7 0
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The prevalence of somatic mutations across human cancer types.

s, 2
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Somatic mutation prevalence
(number mutations per megabase)

T-cell Poor? T -cell inflamed?
Target Self Ag = vaccine Target neoantigens

LB Alexandrov et al. Nature 000, 1-7 (2013) doi:10.1038/nature 12477 nature
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FDA Approved Therapeutic Vaccines for Cancer

Sipuleucel-T Prostate 2010
Talimogene Melanoma 2015
laherparepvec

Potential characteristics of inmunogenic and nonimmunogenic tumors.
A
Nonimmunogenic tumor
microenvironment
granzyme B
Tcell
CD4
Tcell Teell
Tumor CD8 with CD45RO
cell Tcell  expression
with PD-L1 with PD-L1
expression  expression
Immunogenic tumor
Science
Padmanee Sharma, and James P. Allison Science 2015;348:56-61
24
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Requirements for Effective Immunotherapy

Generation of Immune Response Functional Effector Cells within the Tumor

© 2017 American Association for Cancer Research

CCR Reviews AAGR

Bilusic M, Madan RA, Gulley JL Clin Ca Res 2017

25
Therapeutic cancer vaccines
Viral and bacterial-based
vaccines
VACCINE
26
26
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Components of a cancer vaccine

Antigen Adjuvant [ Vector ] Mode of Administration 1
‘T% ) ) §-
A [ I _ it X

: jﬁ Emulsifiers @ & © Injection
Whole tumor NH, Viral vectors A
R2 (LT
& 1

#
Innate agonists Gene gun

Protein antigen

&

Antigenic peptide(s)

& ghr

3% NIARLE
&5
Cytokines

“

a
Antibodies

Dendritic cells

Attenuated bacteria

Systemic infusion

Nasal spray

27
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APC Vaccine: Sipuleucel-T (Provenge)

Day 2-3
sipuleucel-T is
manufactured

Day 1
Leukapheresis

Day 3-4
Patient is infused

Apheresis Center

Company
(Dendreon)
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Sipuleucel-T: IMPACT trial

P = 0.032 (Cox model)
HR = 0.775 [95% CI: 0.614, 0.979]

Median Survival Benefit = 4.1 Mos.

__Sipuleucel-T (n = 341)
Median Survival: 25.8 Mos.

Percent Survival

— Placebo (n =171)
Median Survival: 21.7 Mos.

0 6 12 18 24 30 36 42 48 54 60 66

Kantoff et al., NEJM 2010 Survival (Months)

Adoptive T cell therapy can involve engineered (CAR,
TCR) or patient-derived (TIL, PBMC) T cells

CAR

—_—
\ CAR Lymphodepleted
5 Tumer-binding T cells cancer patient
Cancer \\ domain i (after chemotherapy
patient =y ) conditioning)
s i~
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{ \ {
Harvest PBMCs T cell Signaling AU
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P
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Excise
tumor mass

Canccr:clla@ O —

TIL cell isolation TIL cell expansion
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T cell adoptive transfer

=

Targeting element
Single-chain variable fragments (scFvs)

Spacer
CAR-| Transmembrane domain

200000000000000000000

OSBRSSO

Costimulatory domain
(e.g. CD28 or 4-1BB)

CD3¢
Essential signaling domain

CARs, TIL, TCR, PBMCs

31
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Effective treatment of relapsed B cell
ALL with CD19 CAR T cell therapy
) SR ———
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E7 TCR-T cell Treatment

Viral vector

Expand cells

E7 TCR
gene

T-cell receptor
gene transfer s

T cells collected
from blood
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Nagarsheth et al, Nature Medicine, 2021
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Immunotherapy at NIH CC

v v

Vaccine v

Immune Checkpoint v v v
Inhibitor

Bi-specific Ab v

Cytokine v v

Cell Therapy v v

35

Key Immunotherapy Concepts

36

36
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Multi-layered immunosuppression

Lysis and apoptosis resistant
tumor cells (e.g. SPI-6, IAPs)

Hostile metabolism
(e.g. acidic, hypoxic, ROS, peroxynitrite)

Disordered vasculature
(e.g. FasL+, no ICAM)

Lack of co-stimulation and antigen
presentation (e.g. tolerogenic APCs)

Suppressive cytokines
(e.g. IL 100, TGF-B)

Nutrient-depleting enzymes
(e.g. IDO, Arginase)

Immunotherapy
(e.g. anti-CTLA-4) T cell checkpoint
ligands (e.g. PD-L1)

« Tumors insulate themselves with dense layers of immunosuppressive stroma

- Overcoming the many layers of interconnected and often functionally redundant
immune suppressive mechanisms represents a daunting challenge for tumor-specific T cells

- Immunotherapy can “peel back” the layers of local immune suppression, 6‘9
thereby restoring the capacity of T cells to eradicate the tumor ) NATIONAL

Antigen Spreading and the Tumor Immunity Cycle
E. Fully activated T cell LW~ A Tumor expresses
destroys tumor cells | different immunogenic targets
Neospitope #2 t0 1,000 - iiep
Neaepitopo #1 celis
Muc-1 )
.
by B. Dendritic cell phagocytoses
D. Newly activated tumor-specific Jo‘ - \)) \ tumor cell along with a transfer
T cells form in greated conventration V- ~ 4 of tumor-specfic antigens
and variation J \J
-
C. Mature dendritic cells present
tumor-specific antigens to T cells

2/18/2021

19



Antigen Spreading and the Tumor Immunity Cycle

39
A different perspective on chemotherapy
Immunogenic versus non-immunogenic cell death
N ) Chemotherapy
+ Cell death signal
- + DNA damage
@ Acute inflammation
(Excess cell damage)
[ 54 v
DAMPs
|Apl}pln(ltl:l RAGE m&a TIM-3
umor cel Mm{y XD‘
1 )X
| e
Immune Protumorigenic Anttumor
tolerance inflammation immunity
u/
Smoldering inflammabon
il
moresistance 40
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A different perspective on chemotherapy

Immunogenic versus non-immunogenic cell death

+ Anthracyclines
. gydophosr:hamide Tumor-specific
+ Oxaliplatin
Phagosome effector memory
ag T cells
CRTR

AN

Y 2
CRT . R
IcD - > ) @
— A A c—

antigens

41

Immunogenic Modulation:

A potent adjuvant for tumor immunity (e.g., radiation)

. poals + Necrosis
« 1 Adnesion molecules (ICAM-1) « Tumor ling

* Up-feguiation of MHC-1 CD4 and CDB T cells
« Iniiste/potentiate immune respenses

Low dose —% High dose

Radiation

Exploiting the untapped potential of immt i ion by
in combination with immunotherapy for the treatment of cancer
hitp/hwww nebi nim nih govipubmed/ 18777956

42
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side effects

43

43

Mechanism CTLA-4 &PD-1

— Involved in maintaining
appropriate immune
response

— Downregulates & prevents
inappropriate activity

— Autoimmune type response

— Thinking “Chemo” will lead
down wrong path

— Think Graft versus Host
disease

44

44
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Forest plots of relative risk of any all- and high-grade AEs associated with PD-1/PD-L1 inhibitors
versus chemotherapy.

Any all-grade AEs

Model Study name Statistics for each study

Risk Lower Upper
ratio limit limit  pvalue

Robert 2014 0982 0878 1.099 754
Weber 2015 0850 0748 0968 014
Brahmer 2015 0674 0574 0792 000
Ribas 2015 0875 0792 0.966 008
Borghaei 2015 0.787 0721 0.860 000
Herbst 2016 0.796 0.737 0.860 .000
Fehrenbacher 2016 0.759 0.666 0.865 .000
Random 0818 0759 0883 000

Any high-grade AEs

Risk ratio and 95% CI

ohmnyt

0.1 0.2 05 1 2 5 10

Favors PD-1/PD-L1 inhibitors ~ Favors Chemotherapy

Model Study name Statistics for each study
Risk  Lower Upper
ratio limit limit  p value
Robert 2014 0663 0411 1071  .093
Weber 2015 0285 0177 0.460 000
Brahmer 2015 0125 0065 0239 000
Ribas 2015 0468 0322 0680 000
Borghaei 2015 0.195 0136 0278 000
Herbst 2016 0401 0313 0513 000
Fehrenbacher 2016 0.293 0.176 0.486 000
Random 0315 0221 0450 000

Risk ratio and 85% CI
—_—
——
-
-
01 02 05 1 2 5 10

Favors PD-1/PD-L1 inhibitors  Favors Chemotherapy

Tomohiro F. Nishijima et al. The Oncologist 2017;22:470-

479

©2017 by AlphaMed Press
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Incidence and RR of summary toxicity endpoints, including 95% Cl and number of trials in each

analysis
No. of PD-1/PD-L1 inhibitor Chemotherapy
Summary AE endpoints trials incidence % (95% Cl) incidence % (95% Cl) RR (95% Cl) p value
Any all-grade AEs 7 67.6 (64.2-70.8) 82.9 (78.9-86.2) 0.82 (0.76-0.88) <.001
Any high-grade AEs 7 11.4 (9.9-13.1) 35.7 (26.0-46.8) 0.32 (0.22-0.45) <.001
Treatment discontinuation 7/ 4.5 (3.5-5.7) 11.1 (8.5-14.3) 0.44 (0.33-0.57) <.001
Treatment-related deaths 3 0.6 (0.3-1.1) 1.4 (0.7-2.5) 0.42 (0.16-1.13) .09

Abbreviations: AE, adverse event; Cl, confidence interval; PD-1, programmed death receptor-1; PD-L1, programmed death-ligand 1; RR, relative

risk.

Tomohiro F. Nishijima et al. The Oncologist 2017;22:470-
479

©2017 by AlphaMed Press

&Oﬁbologist
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Kinetics of Immune Related Adverse Effects

== Rash, pruritis
== Liver toxicity

s8] == Diarrhea, colitis
g == Hypophysitis
p .
w
-
= —
S \\
>
s
\
\
T T T T T T T d
0 2. 4 6 8 10 12 14

Time (weeks)

Weber JS et al. Management of immune-related adverse events and kinetics of response
with ipilimumab. ] Clin Oncol 2012,30:2691-2697.
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Common Medications

» Corticosteroids
Prednisone
Dexamethasone
Methylprednisolone
— Hydrocortisone

— Cortisone

* Mycophenolate mofetil (CellCept)
— Standard BID

* TNF inhibitors
— Infliximab
— Adalimumab
— Others

© 2017 Society for Immunotherapy of Cancer
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* Immunotherapy can lead to rapid, deep and durable
responses

* Immunotherapy may be curative in some cases
* Future efforts in combination therapy are seeking to

expand the proportion of patients with clear clinical
benefit

* These should focus not only on generating anti-tumor
immune response but making sure effector cells are
functional within TME

* Immune related AEs are typically transient and
manageable but should be identified and treated promptly

* Overall, immunotherapy is better tolerated than
chemotherapy

49
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