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Aims -

* Identify deficiencies in the Immune response in lymphoma.

* Describe strategies to overcome the immune deficiencies —
* immune checkpoint blockade

* combination approaches.

* Discuss complicating factors and limitations in what we know
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Four Mechanisms accounting for an inadequate T-cell response in
lymphoma
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1. Loss of B2M, MHC class | and Il expression in classical Hodgkin
Lymphoma
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1. Risk of death associated with loss of HLA-DRA expression in

Diffuse Large B-cell lymphoma
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2. Increased Suppressive Ligands — PD-L1 and PD-L2 expression
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2. Exhausted T-cells in lymphoma are susceptible to suppression
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3. Immune cells are prevalent at sites of lymphoma but do not
eradicate it
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3. Increased regulatory T-cells in lymphoma

FoxP3
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4. Immunostimulatory cytokines induce T-cell exhaustion
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4. Cytokines (IL-10) expand CD14+HLADR!°*Y monocytes that
suppress T-cell function
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How can we activate the anti-tumor immune response in lymphoma?

Cytokines
chemokines
IL-12 ..' IL-2
CXCL10 IL-10

Exhausted / \ Regulatory
effector cells cells
CD27 @

Q Lw,rmphuma EE"/ PD-L1
TIM-3  PD-1

PD-L1

ﬁ Reverse T-cell exhaustion JAOvercome immune suppressinnl

34" Annual Meeting & Pre-Conference Programs (STtQ #SITC2019



Strategy 1: Target immune checkpoints — prevent immune
suppression

APCs or peripheral cells
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Strategy 1: Blocking PD-1 signaling
Highly effective in Hodgkin lymphoma

42 year old female — Hodgkin lymphoma 26 year old male — Hodgkin lymphoma
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Phase 2 Results in

Hodgkin Lymphoma with Pembrolizumab
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Lessons Learned - PD-L1 Expression Predicts Outcome After PD-1

Blockade in cHL
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Encouraging Treatment responses in pembrolizumab-treated patients
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Responses in CLL pts with Richter’s Syndrome receiving
pembrolizumab.
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In Contrast: Nivolumab for Relapsed/Refractory Diffuse Large B-Cell

Lymphoma
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121 patients — 78 in the auto-
HCT—failed cohort and 34 in
the auto-HCT—ineligible
cohort.

ORR were 10% and 3%, and
median durations of response
were 11 and 8 monthes.
Median PFS and OS were 1.9
and 12.2 months in the auto-
HCT—failed and 1.4 and 5.8
months in the auto-HCT—
ineligible cohorts.

Ansell SM et al. J Clin Oncol. 2019 Jan 8:JCO1800766.
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Complicating Factor - Not all PD-1+ T-cells are inhibited or exhausted
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Complicating Factor - PD-1 may be expressed on malignant cells —
Richter’s Syndrome

Richter’s Syndrome
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Complicating Factor — In cHL Intratumoral CD4+ T-cells appear
more relevant than CD8+ T-cells

Reactive lymph nodes/tonsils I [

Classical Hodgkin Lymphoma I

Th17

Treg

Thi Treg

Th2 Treg

-1 0 1 2 3
CyTOF analyses of primary classical Hodgkin lymphomas and reactive lymph nodes/tonsils (RLNT) reveal significant differences in the
abundance and composition of infiltrating T cells. Graphical summary of relative differences in CD4+ T-effector (Teff) (Th1, Th2 and Th17,
central memory (CM), effector memory (EM) and terminally differentiated effector memory (TEMRA)) and T-regulatory (Treg) (Th1, Th2
and Th17) subsets between RLNTs and cHLs. Tregs (top panel) and Teffs (bottom panel). Circles represent the relative abundance of each

T-cell subset. PD-1 expression levels are indicated by the color bar below each circle (key at bottom, red, high and blue, low). CHLs have
increased numbers of Th1-polarized PD-1- Tregs and more differentiated PD-1 + Th 1 effs.

Cader et al. Blood 2018;132:825-836
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Complicating Factor — A similar population of PD-1+ Treg cells are

seen In Follicular Lymphoma
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Complicating Factor: Intratumoral T-cells have downregulated co-
stimulatory receptors
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Rescue of exhausted CD8 T cells by PD-1-targeted therapies is
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Kamphorst et al. Science. 2017 Mar 31;355(6332):1423-1427.
Hui et al. Science. 2017 Mar 31;355(6332):1428-1433.
Krueger., Rudd. Immunity. 2017 Apr 18;46(4):529-531.
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Complicating Factor: Soluble PD-L1 inhibits T-cell Function at Remote
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Complicating Factor: Reverse signaling via PD-L1 may promote RS cell
growth and survival
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Strategy #2: Combination Approaches —
Nivolumab and Ipilimumab in cHL

CTLA-4 blockade (ipilimumab) PD-1 blockade (nivolumab)

APC-T-cell
interaction

Tumor
microenvironment

Activation
(cytokine secretion,
lysis, proliferation,

igration to tumor)

Dendritic
cell

or cell

anti-CTLA-4

CTLA-4 is expressed on T cells and PD-1 expression on tumor-infiltrating lymphocytes is associated
inhibits T-cell activation? with decreased cytokine production and effector function

Ipilimumab disrupts the CTLA-4 pathway, Nivolumab disrupts PD-1 pathway signaling and

thus inducing anti-tumor immunity? restores anti-tumor T-cell function?

019



Combinations — Two Checkpoint Inhibitors
Nivolumab and Ipilimumab in cHL

HL (N = 31) Change in tumor burden, HL

ORR, n (%)? 23 (74) 100~ Responders (n = 23)
75 - —_— - =
Complete response 6 (19) Non-responders (n = 8)
. 50 - *
Partial response 17 (55) /
Stable disease 3(10)
Relapsed or progressive disease 3(10)

NR
(0.0+, 13.4+)

Transplant naive®

Median duration of OR, months (range)

Change from baseline in target
lesions tumor burden (%)

(n=18)
ORR, n (%) 12 (67)

0 12 24 36 48 60 72 84 96
Time since first treatment date (weeks)

Ansell et al. ASH 2016 abstract #183
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Combinations - Brentuximab vedotin (BV) plus nivolumab as

Salvage Therapy

Brentuximab vedotin disrupts the microtubule network and
triggers an immune response through the induction of
endoplasmic reticulum stress?

Antibody Dapendent

ibod,
Cealll .cydc arrest Cellular Phagocytosis

/|
s e av>. 4

IFNy

Antigen
Antigen &

T-cell T-cell I
MHC I receptor . receptor MHC % "«
o = 4 oy

Nivolumab targets the programmed death-1 ,
(PD-1) immune checkpoint pathway and
restores antitumor immune responses

R ’ /
PD-1 "D—LZ

Nivolumab blocks the PD-1 receptor

Both agents are well tolerated with high single-agent response rates in patients with R/R HL (BV=72% ORR, 33% CR; Nivo=73% ORR, 28% CR)

Together, they could yield improved CR rates and improved durability of responses, and potentially lead to better long-term outcomes
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Brentuximab vedotin plus nivolumab in patients with relapsed

Hodgkin lymphoma

(5 N
c o & ©°
. e d - A

SUY change from baseling (%)
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* 62 patients received 4 cycles of BV
and nivolumab. Patients could
proceed to ASCT.

 The CR rate (n =61) was 61%, with an
objective response rate of 82%.

* BV plus Nivo was an active and well-
tolerated first salvage regimen,
potentially providing patients with
R/R HL an alternative to traditional
chemotherapy.

Herrera et al. Blood. 2018 Mar 15;131(11):1183-1194.
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Combination Approaches — PD-1 Blockade with Chemotherapy in cHL

Monotherapy

Adults with
newly diagnosed,
untreated advanced-stage

Combotherapy

(4 doses) (6 combo cycles; 12 doses)

Endpoints included:

Primary

Safety and tolerability
(G3-5 treatment-related AEs)

il Nivolumab Nivolumab 240 mg IV + AVD (N-AVD) Follow-up/
(stage I1B, I, V) 240 mg IV Q2W Q2w observation Secondary
ECOG performance status > . < * Discontinuation rate
0-1 ~8 weeks ~22 weeks Max. 2 years * CRbyIRCatEOT
* * * *
Baseline Endof  After 2 combo cycles End of therapy Exploratory
monotherapy (A2C) (EOT) * CRand ORR by IRC and investigator at
(EOM) EOM, A2C and EOT
* mPFS

) ¢ FDG-PET plus CT/MRI scans

* Responses were assessed using the IWG 2007 criteria
* Median duration of follow-up was 11.1 months (database lock: 12 October 2017)

*  Bleomycin was excluded due to potential overlapping pulmonary toxicity
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Ramchandren et al. J Clin Oncol. 2019 Aug 10;37(23):1997-2007.
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Combination Approaches — PD-1 Blockade with Chemotherapy in cHL

000t mCR = PR
-
O ORR:88% . ORR: 84% ORR: 84%
80% - | 18% i 4%
" | ORR: 69% ! o ! L
i ORR: 67% | |
= 60% A : !
tn ! :
]} I 1
= i i
L 40% ! i
c I 1
2 ! :
- I 1
& : :
20% - ; :
18% 25% i i
0% - ! !
IRC INV i IRC INV i IRC INV
EOM ! A2C ! EOT

* At EQOT, ORR per investigator in the ITT population was 84%, with 80% of patients achieving CR

Ramchandren et al. J Clin Oncol. 2019 Aug 10;37(23):1997-2007.
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Combining 2 checkpoint Inhibitors — Nivolumab and Ipilimumab in B-

cell NHL

B-cell NHL (N = 15)

ORR, n (%) 3 (20)
Complete response 0
Partial response 3 (20)

Stable disease 1(7)

Relapsed or progressive disease 8 (53)

Median duration of PR, months (range) NR

‘ & (11.0+, 12.7+)
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aResponse was not reported or unable to be determined for 3 (20%) patients with B-cell NHL

Change from baseline in target
lesions tumor burden (%)

100

75 -

50 -

100 -

Change in tumor burden, B-cell NHL

—_———
| — DLBCL responders (n = 2)
’,I — — DLBCL non-responders (n = 8)
JII/ — FL responders (n = 1)
'r/ — = FL non-responders (n = 4)

0

| | | | | | ] 1
12 24 36 48 60 72 84 96
Time since first treatment date (weeks)

Ansell et al. ASH 2016 abstract #183
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Combining a checkpoint inhibitor with chemotherapy -

Pembrolizumab plus RCHOP in diffuse large B-cell lymphoma

Pembrolizumab 200mg IV every 3 weeks given
with standard RCHOP.

29 patients treated. 11 non-GCB. 3 FL grade 3B. -
EBV+. 1 double hit. 6/17 double expressors

One patient died of a gastric bleed (Had stomach
involvement by lymphoma).

Toxicity appears similar to RCHOP alone.

18 CR (69%), 7 PR, and 1 primary refractory
disease.

ving

Survi
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Smith et al. ASH 2018 abstract #1686.
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What does this teach us?

 Many immunological barriers to an effective anti-tumor response in
lymphoma and the biology is complex

Diseases with genetic alterations at chromosome 9p24.1 are more likely to
respond to PD-1 blockade

Blockade of PD-1 may affect T-cell populations differently

Combinations (often including cytotoxic agents) are likely to be important in
the future
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