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The Father’s of the Tumorimmunology Concept

7
Paul Ehrlich Frank Macfarlane Burnet Lewis Thomas
1854-1915 1899-1985 1913-1993

,,Die Haufigkeit maligner Erkrankungen miiBte viel hoher sein, wenn der Korper nicht in der Lage
wadre, entartete Zellen zu eliminieren”

“The immune system is patrolling the body for signs of transformed cells and eliminates them
upon detection, and its only rare that some escape to cause cancer”


http://upload.wikimedia.org/wikipedia/commons/e/ef/Burnet_in_1945.jpg
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Key events in the history of cancer immunotherapy
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Immunotherapy—T cell versus melanoma
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Anti-CTLA-4 and Anti-PD-1/L1 Mechanisms of Action
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MHC = major histocompatibility complex; TCR = T-cell receptor; TME = tumor microenvironment
Image adapted from Abril and Ribas, Cancer Cell Snapshot 2017 [in press]



Anti-CTLA-4 and Anti-PD-1/L1 Mechanisms of Action
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Anti-CTLA-4 and Anti-PD-1/L1 Mechanisms of Action
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CTLA-4 blockade improves tumor control of
B7-negative colon carcinoma line
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Anti-CTLA-4 and Anti-PD-1/L1 Mechanisms of Action
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Fc-dependent depletion of tumor-infiltrating regulatory T cells
co-defines the efficacy of anti—CTLA-4 therapy against melanoma
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Overall Survival

Overall Survival (35)
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Long-term benefit or even possibly cure
from CTLA-4 blockade in melanoma
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Anti-CTLA-4 and Anti-PD-1/L1 Mechanisms of Action
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PD-L1 is not a negative prognosticator in melanoma
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During optimal stimulation PD-1 signals are irrelevant
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Low tumor antigen density sensitizes for PD-1 signals
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Anti-CTLA-4 and Anti-PD-1/L1 Mechanisms of Action
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Anti-CTLA-4 and Anti-PD-1/L1 Mechanisms of Action
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PD-L1 is not a negative prognosticator in melanoma
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Interferon-producing tumor-infiltrating CD8 T cells induce PD-L1
upregulation — the concept of adaptive immune resistance
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Anti-CTLA-4 and Anti-PD-1/L1 Mechanisms of Action
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Tumor volume (mm?)

:

Absence of PD-1 or anti-PD-1 improves tumor control of
murine myeloma, melanoma, and colon carcinoma

:

:

:

J558L 8

PD-1+/+

A B

vs -/-

[ ]

Y
P

Weight of liver (g)
sy

F.%

1 1000

750

= 10

250

—
Weight of lung (mg)

15 20 0

Iwai, Honjo et al.
PNAS 2002

control IgG anti-PD-1

500 1

E F control IgG anti-PD-1

control IgG anti-PD-1

Iwai, Honjo et al.
Int Immunol 2005



Blockade of PD-L1/PD-1 interaction improves tumor
control in mouse melanoma and is superior to anti-CTLA-4
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KEYNOTE-006: PD-1 blockade is superior to CTLA-4
blockade

Arm Events,n HR (95% CI) P
Pembro Q2W 122 0.68 (0.53-0.87)  0.00085
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Anti-CTLA-4 and Anti-PD-1/L1 Mechanisms of Action
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Combining PD-1 and CTLA-4 blockade
improves tumor control further
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PD-1+CTLA-4 blockade versusCTLA-4 blockade
(Nivolumab + Ipilimumab vs Ipilimumab, Checkmate 067 )

Randomized, double-blind, phase Il study
to compare NIVO + IPl or NIVO alone to IPI alone

NIVO 1 mg/kg +
IPI 3 mg/kg Q3W

N=314 for 4 doses then
NIVO 3 mg/kg Q2W

Unresectable or Stratify by:
Metatastic Melanoma Treat until
i Randomize * PD-L1 N=316 o
hd PreVIous|y untreated expression* pf'ng'BSSlOn
1:1:1 > NIVO 3 mg/kg Q2W + or
* 945 patients - BRAF status IPI-matched placebo unacceptable
* AJCC M stage toxicity
N=315 IP13 mg/kg Q3W
for 4 doses +
NIVO-matched placebo
*Verified PD-L1 assay with 5% expression level was used for the stratification
of patients; validated PD-L1 assay was used for efficacy analyses.
**Patients could have been treated beyond progression under protocol-defined circumstances. Wolchok et al., ASCO 2015
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Updated Progression-Free Survival 067 study
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Overall Survival
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Combining PD-1 and PD-L1 and CTLA-4 blockade improves
tumor control further

- Untreated

—e FVAX

—4— FVAX
—o— FVAX ¥ «PD-

—

M «8 '.
A
’ -i— FVA

(@CTLA-4/aPD-1/aPD-L

Percent survival
3

25 d—k A:/
0 ®
0 10 20 30 40 50 60 70 80 90 100

Days

Curran et al., PNAS 2010



Change From Baseline, %
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PD-1 and CTLA-4 are not alone
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Checkpoint
modulation is an
orchestra of
stimulatory and
inhibitory signals.

And against all are
currently mAbs
developed.

Blank, Curr Opin Oncol, 2014
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Postscript: Writing After Conceptual Art

PD-1

Museum Of Contemporary Art Denver, October 2012
- February 2013
http://mcadenver.org/postscript.php
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Anti-CTLA-4 broadens anti-tumor T cell repertoire of very low
percentages of tumor-specific T cells
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Duration of response upon checkpoint inhibition is independent
of choice of treatment
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s a single biomarker sufficient to identify long-
term benefit?
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How to personalize Immunotherapy —
The Cancer Immunogram

Tumor foreignness
Mutational load

Tumor sensitivity to

immune effectors
MHC expression
IFN-y sensitivity

General immune status
Lymphocyte count

Immune cell
infiltration
Intratumoral T cells

Absence of inhibitory
tumor metabolism
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Absence of soluble inhibitors Absence of Checkpoints
IL6->CRP/ESR PD-L1

Blank, et al., Science 2016
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Who are typically “Cancer Immunogram-favorable”

patients? Stage 3 melanoma!

Tumor foreignness
Mutational load

Tumor sensitivity to

immune effectors
MHC expression
IFN-y sensitivity

General immune status
Lymphocyte count

Immune cell
infiltration
Intratumoral T cells

Absence of inhibitory
tumor metabolism
LDH, glucose utilization

Absence of soluble inhibitors Absence of Checkpoints
IL6->CRP/ESR PD-L1

Blank, Schumacher, et al., Science 2016
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8/10 (80%) OF PATIENTS HAVE A RESPONSE AFTER
6 WEEKS (NEO-ADJUVANT ARM ONLY)

Courses | Radiologic response Pathologic response
(CT scans, mm)

B R micrometastases (<Imm)
—— 9x10-> ND micrometastasis (0.5mm)

tumor cells
tumor cells
necrosis
0.5mm, 0.1mm
I
3.5mm

Blank et al., LBA ESMO 2016




Are there alternative checkpoint
combination schemes?

Day 21.:
IPI 3me/ke PEM 2mg/kg q3wk

IPI 3mg/kg or
Day 22: NIVO 3mg/kg q2wk

PEM 2mg/kg or NIVO 3mg/kg

Week 0 3 5/6 +

Meerveld, Rozeman, Blank et al.
Oncolmmunology 2017



Best change from baseline in target -lesion volume

100%

80%

60%

40%

20%

0%

-20%

-40%

-60%

-80%

-100%

81%

= Ipilimumab followed
by pembrolizumab

® pilimumab followed
by nivolumab

Patients

ORR 55%

Grade 3/4
toxicity 38%

Meerveld, Rozeman, Blank et al.

Oncolmmunology 2017



Patients

* During pembrolizumab

® During nivolumab

m After treatment
discontinuation

© First response

== Ongoing respoense
38 % o F rip onadin G alen )

12 % 2 ™M m
Durability of response

-~}
=
&
£
&

Meerveld, Rozeman, Blank et al.
Oncolmmunology 2017



What to do with "Cancer Immunogram-unfavorable®
patients?

Tumor foreignness
Mutational load

Tumor sensitivity to
immune effectors

MHC expression

IFN-y sensitivity

General immune status
Lymphocyte count

Absence of inhibitory
tumor metabolism
LDH, glucose utilization

Immune cell
infiltration
Intratumoral T cells

Absence of soluble inhibitors

Absence of Checkpoints
IL6->CRP/ESR

PD-L1

Blank, Schumacher, et al., Science 2016



BRA

Stage IV Melanoma

BRAF VB00E/K positive
HLA-A2pos, WHO 0-2
stratified according to

LDH <ULN, >ULN, >2xULN and
PD-L1 (< 1%, > 1%)

M
Pem

IMPemBra

cohort 1: pembrolizumab
200mg g 3wk

pembrolizumab

cohort 2: pembrolizumab

200mg g3wk + 2x 1 week

dabrafenib 150mg bid +
trametinib 2mg gd

pembrolizumab
200mg g3wk up to
2 years

200mg q3wk _@D maybe stopped in
‘ cohort 3: pembrolizumab case of complete
I 200mg g3wk + 2x for 2 weeks remission
2% PBMC peBMcC | | dabrafenib150mg bid +
CcT cT trametinib 2mg qd
tumor biopsy tumor
biopsy cohort 4: pembrolizumab
[ 200mg q3wk + 6 weeks
dabrafenib 150mg bid +
trametinib 2mg qd
I I |
tumor PBMC PBMC
biopsy CT CT
(only tumor tumor
(no biopsyin case of CR) cohorts 2-4) biopsy biopsy
-2 0 6 8 12 18

Pl CU Blank



Summary

* We do not yet understand which T cells are doing the job upon CTLA-4 +/- PD-1
blockade

e Unlikely that the same T cell clone mediates tumor responses upon PD-1 blockade
and CTLA-4 blockade

* Repetitive checkpoint inhibition might not be needed or is even overdoing things

* Single biomarker analyses are out! Multiparameter analyses, like the Cancer
Immunogram are the new standard

* TCR repertoire analyses are new markers for checkpoint inhibitor treatment
characterization

* The optimal combination scheme has not yet been identified, sequential CTLA-4
and PD-1 blockade may see a revival

e CTLA-4 or PD-1+CTLA-4 blockade are options after failure upon PD-1 blockade (but
be aware of deterioration of the patient)

 Combinations of Checkpoint inhibition with short-term targeted therapies is the
way 1o go
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