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Self-sufficiency in
growth signals

Evading
apoptosis

Sustained
angiogenesis

Limitless
replicative
potential

Insensivity to
anti-growth signals

Tissue invasion
& metastasis

Carcinogenesis vol. 30 00,7 pp 10731081, 2009
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Emerging Hallmarks

Deregulating cellular Avoiding immune
energetics destruction

Genome instability Tumor-promoting
and mutation Inflammation

Enabling Characteristics

Cell 144, March 4, 2011
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The NEW ENGLAND JOURNAL of MEDICINE
EDITORIAL
Release the Hounds! Activating the T-Cell Response to Cancer
Mario Sznol, M.D., and Dan L. Longo, M.D.
KEY POINTS

e The tumor microenvironment in lymphoma is highly
immunosuppressive and inhibits the antitumor immune
response.

e Immune checkpoints present a therapeutic target in non-
Hodgkin lymphoma.

e Immune checkpoint inhibitors are clinically effective in
patients with relapsed and refractory lymphoma.

e Patients with Hodgkin lymphoma have a very high
response rate fo PD-1 blockade and reponses in these
patients appear durable.

Curr Opin Hematol 2015, 22:337-342

1] .‘ " I'
SV 2 D
N Engl I Med 2015;372:311-0




The NEW ENGLAND JOURNAL of MEDICINE

Release the Hounds! Activating the T-Cell Response to Cancer

KEY POINTS

-

The primary mechanism of oction for mAbs lorgeting
the POr1 axis is reestoblishment of the cytotoxic T-call
ankifumor response.

Twe clinical trials vsing pidilizumab have demonsirated
activity in relapsed diffuse lorge Bcell lymphoma [after
autclogous stem-<ell fronsplontation| ond

follicular lymphama,

Mivelumab and pembrolizumab both have impressive
single agenl activity in relapsed/refraciory Hadghkin
lymphomo with objective response rofes of 53-87%;
the activity of nivolumab in other lymphoma sublypes
also oppears encouraging

A number of new agenfs lorgeting either PC-1 or
pr{:grnmrnad deulh-{ignnd | are under active
development in early phase clinical rials.

Future studies should incorporate correlative analyses fo
develop predictive biomarkers to idenfify patients
unlikely io respond fo rharcdpy, and identify rational
combination partners based on the immuenclogic
properties of the tumer being freated.

Mario Sznol, M.D., and Dan L. Longo, M.D.

Anti-PD-L1 mAbs |

MEDI4736 S
MPOLazaoA  *

Anti-PD-LT mAbs
Pidilizumah
Pembrolizumab

Nivalumab
AMP-514

Curr Opin Oncol 2015, 27384 -381



Mygren Additional thermpy Disecase Trial status Clhircal Trials.goy 1D
Mivislumah® MNone ne Recnuiting NOTOZIR1738
MNivolumah® Nome FL Recruiting MNCTO203R94G
Mivolumah Mome DLBCL? Recruiting MOTO203R933
Mivolumab® 7 Ulrelumah B cell NHL Recruiting NCTO22539492
Mivolumab Ipilimumab or brilumab HL Recruiting NCTOI592370
Mivolumals Ibnntinib CLL, FL, DLBCL Mot vet open NCTO2320847
Pembrolizumab MNome DLBCL, HL® MNot vet open NCTO2 362007
Pembrolizumab Mamne Livw prade WHL Mot wel open NCTO2362997
Prembrolizumah® 2 ACP-196 (BTK inhibitor) NHL, HL Recruiting NCTO2362035
Urelunmh® Rituximab B cell NHL Recruiting NCTOI 775631
Anti-L AG-3° MNaone NHL, HL Recruiting NCTO2061 761
MEDT6469 (OXA0 ligand)® 2 Rituximab B cell NHL Recruiting NCTO2205333

Curr Cmeol Rep (2015) 17: 30



Original images

Agent Phase  Number  Disease Efficacy

Nivolumab | 20¢] I 23 cHL ORR 87 % (CR 17 %: PR 70 %)

Pembrolizumab [21] b 15 ¢HL ORR 53 % (CR 20 %: PR 33 %)

Pidilizumab [27+] 2 32 FL ORR 66 % (CR 52 %; PR 14 %)

Pidilizumab [34] 2 72 DLBCL, PMBCL I6-month PFS 72 %: ORR® 51 % (CR 34 "5 PR 17 %)
Nivolumab [35] I 13° DLBCL, PMBCL  ORR 31 % (CR 8 % PR 23 %)

Nivolumab [35] | 1P FL ORR 40 % (CR 10 %, PR 30 %

Curr Cmeol Rep (2015) 17: 30
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Revised Response Criteria for Malignant Lymphoma

Table 2. Responsa Detinitions for Chircal Trals

Response Detinition MNodal Masses Spleen, Liver Bone Marrow
CR Disappearance of all evidance  (a) FDG-avid or PET positive prior to therapy: mass Mot palpable, nodules  Infiltrate cleared on repaat
of disease : of any size permitted if PET negative disappearad bicpsy; if indaterminate
(b Variably FDG-avid er PET negative, regression 1o by morphalogy,
normal size on CT immunohistochamisory
should be negative
FA Regression of measuable = b0% decrease in SPD of up 1o € largest dominant = 50% decrease in Irelevant it positive prior
dizseasa and no new sites Massas; No incraase in size of other nodes SPD of nodules {for to therapy; cell type
tal FDG-avid or PET positive prior to therapy, one of single nodula in should be specified
more PET positive at previously involvad site greatest transvaerse
(b} Variably FDG-avid or PET negative, regression an diamater]; no
seragee n size of
sn e Are we in need for defined irPET criteria?

onCTor PET
(b} Variably FDG-avid er PET negative, no change in
gize of previous lesions on CT
Relapsed diseaze Any new lasion or increase Appearance of a new lgsionis) = 1.5 om in any axis, > 50% increase from  Mew or recurrent

or PO by = 50% of previcusly = B% increase in SPD of more than one node, nadir in the SPD of imvolvemeant
involved sites from nadir or = 50% increase in longest diameter of a any previous
previoushy identifad noda = 1 cm in short axis lesions

Lasions PET positiva if FDG-avid lymphoma or PET
positve prar to therapy

Abbravistions: CR, complate remission; FOG, " Fiflucrodecsygiucase: PET, positren emission tomogiaphy: CT, computad tomography;, PR, partial remission; SPD,
sum of the preduct of the diameters; SD. stable disease; PD, progressive disease.

J Clin Oneol 25:579-586. @ 2007
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Am ) Nucl Med Mol Imaging 2014.4(4) 365-384 Science 324, 1029 (2009)

Innate immune cells such as macrophages and granulocytes are critically dependent on HIF-
la-mediated induction of glycolytic genes to infiltrate inflamed tissue. Adaptive immune cells
upregulate the expression of GLUTs and HK in response to mitogenic signals.

£y Oy Ciener Dev: 2000 Febimary © 2001); 14105

6" International Workshop on PET in Lymphoma
Menton, September 20-21, 2016
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Table 1 Baseline epidemiologic and elinical characteristics of our

study population
Characteristics Mo (%)
No. of paients 55
Ape 689 vears
Rmge (49.4-89.9)
Gender
Male 42 (764 %)
Female 13 (236 %)
Histobogy
ADC 36 (655 %)
SCC 18(32.7 %)
Sarcomatoid carcinoma 1 (1.8 %)
Stapges
1A (127 %) ¥z | Eoonune variables in
B 131236 %) human MSCLE specimens. a
Histoloygeal sections of human
A 9{16.4 %) NSCLC, staned for CII68-
B 182 %) TAMs, CTE-TILs, and PI-1-
TILs infiltrating cells. Exceps for
A 14255 %) CDSB-TAMS, highly infi
s 236 %) in all the specimens ana lyeed, the
Additional treatmenis density of immune variables s
Adjuvant chemotherapy 5(9.1 %) with same scarcely in filtrated
Radmtion therapy 355 %) casses [upyper el pome hijghly
infilrased cases (fewer) b
S : . Similarly for PD-LI expression in
Abbreviations: 400 Adenocarcinoma, SCC Squamous Cell Carcinoma NSCLL colls

*the sum of all values is superior o 100 % (more precisely, 1001 %0)
bocuse of the rounding of the percentaiges dunng computation

. . Eur J Nucl Med Mol Imaging. Oct 2016
6" International Workshop on PET in Lymphoma



RESEARTH HGATAL

CANCER CENTER

£ ig
L E . # L8
. o .
Fha=(, I8 i [}, X% A =gy e DALL
il 65 F0.056 ;1 . . el 0001 FEE . pe0L0030
e 0 P | [

p—T Aswrngs POLY |

-
| : i
| 13 i
] . o x . . -
where 0,035 . thas F 355 il r‘:;::;z o= 0,303
el BP0 ’ 0l D0EH i . P el 0} 74
novga o | | soorage P Adcirag P11 e P Lt |

Scatter plots with Spearman’ correlation coefficient (rho) and linear regression tests. A) Correlation of semi-quantitative
parameters on FDG-PET (i.e. SUVmax and SUVmean) with human NSCLC stained for CD8-TILs and PD-1-TlLs (average values);
B) Correlation for CD8-TILs and CD68-TAMs (average values) with respect to PD-1 and PD-L1 (average values).

Eur J Nucl Med Mol Imaging. Oct 2016
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A Clin Oned 012355606611
Adapted with permission from Ribas et al, Ciin Cancer Res. 2009:15:7116-7118 Clin Cancer Res 2009;15(23):7412-20
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» Confirmation of progression via a subsequent scans;
» Measuring new lesions to include them into the total tumor volume;
» Accounting for durable stable disease as benefit;
» Treating beyond conventional progression if the clinical situation allows.
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SMIY (a) between the baseline and the first follew-up PET/CT sean (early
response ) and () between the baseling and the second fllow-up PET/CT
s (ke response)

0 Kaplan-Meier survival estimates
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Fig. 5 Kaplan-Meter plo of PF5. a Patents with Inie PMD and late

SMIL. Patienis with late SMD had a significantly longer PFS {log-rank
P 0AE ), b Patients with enrly PMD and early SMD. Patients with early

_— I—

Eur § Nucl Med Mol Imaging (2005 42386350



CANCER CENTER

Efcqmmendatiuns for Initial Evaluation, Staging, and
Response Assessment of Hodgkin and Non-Hodgkin
Lymphoma: The Lugano Classification

Truoe 12 Civesor, Ricfierd | Fixher, Sally Fo Hoevingtovs, Fraone i, Livrmiee H. Sofewetz,
Emsarande Zuceo, i T, Asidrew Lisher

6" International Workshop on PET in Lymphoma B4 Necl Med bal tninging (2010) 37:1824 1233
J Clin Oncal 32:3058-3067. & 2014



Is this applicable for ot
Immunotherapy with 4
checkpoint inhibitors?

MPDL3280A

5

PD-L1 .

Anti-PD-LT mAbs
Pidilizumah
Pembrolizumab

uuuuuuuuu

Curr Opin Oncol 2015, 27384 -381
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PD-1 Blockade with Nivolumab in Relapsed or Refractory
Hodgkin’s Lymphoma

A Response Characteristics

Patient No. Stable
& First complete ™ i
1 - Ans B response Disease
19 - " ® First partial response 0~
18 - - + Therapy duration -104
174 & . '] Tmn-splan!aliﬂn ~304
16 - * Ongoing response g _304
15 & -0
14 > i .1 W ——
13 Y e
: - b
” : -80
g =50
s -100-
7
3
; W ASCT failure and
3 brentuximab fallure
1 >

B change in Tumor Burden

0 - le 24

T
56 &4 72 B0

Weeks

Individual Patient Data (N=23)

W Mo ASCT and Mo brentuximab

brentuximab fallure

Of the 20 patients who had a complete or partial response, 12 patients (60%)

had the first response by 8 weeks (range, 3 to 39 weeks)

N Engl | Med 2015;372:311-9
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Durability of Response

On treatment, ongoing response S —

Off treatment without progression

50 = Progressive disease, following
response or stable disease
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Percent Change From Baseline
in Target Lesions/Tumor Burden
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Angall el al ASH 2015



PD-1 Blockade with Nivolumab in Relapsed or Refractory
Hodgkin’s Lymphoma

Early responder
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Durability of Response

On treatment, ongoing response S —

Off treatment without progression

50 = Progressive disease, following
response or stable disease

CR 22% |
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|

Percent Change From Baseline
in Target Lesions/Tumor Burden
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PD-1 Blockade with Nivolumab in Relapsed or Refractory
Hodgkin’s Lymphoma

Partial responder
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Patients (n = 23)
B On treatment, ongoing response [ Progressive disease, following
B Off treatment without disease progression® response or stable disease

Ansell &l al ASH 2015
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Durability of Response

On treatment, ongoing response S —

Off treatment without progression

50 = Progressive disease, following
response or stable disease

N
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PD-1 Blockade with Nivolumab in Relapsed or Refractory
Hodgkin’s Lymphoma

Progressive responder




PD-1 Blockade with Nivolumab in Relapsed or Refractory
Hodgkin’s Lymphoma

Early response than Progression or Pseudoprogression?




PD-1 Blockade with Nivolumab in Relapsed or Refractory
Hodgkin’s Lymphoma

Progression or Pseudoprogression?
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Durability of Response

100 A
1 On treatment, ongoing response —

Off treatment without progression

50 Progressive disease, following
response or stable disease

Is PD during treatment sufficient to withdraw therapy?
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PD-1 Blockade with Nivolumab in Relapsed or Refractory
Hodgkin’s Lymphoma

Alternating responder




PD-1 Blockade with Nivolumab in Relapsed or Refractory
Hodgkin’s Lymphoma

Partial responder? Early progression?




e Response paradigm is different for immunotherapy?

e Tumor burden more important than single lesion progression?

e Clinics play a more important role in treatment change?




Refinement of the Lugano classification response criteria for lymphoma in
the era of immunomodulatory therapy

Bruce D. Cheson, Stephen Ansell, Larry Schwartz, Leo |. Gordon, Ranjana Advani, Heather A. Jacene,
Axel Hoos, Sally F. Barrington and Philippe Armand

Lugano  PET-CT, score 1, 2, or 3* PET-CT Score 4 or 5 with reduced PET-CT score 4 or 5 with an increase in intensity of uptake from baseline
with or without a residual uptake compared with baseline and/or new FDG-avid foci consistent with lymphoma at interim or end-
mass on 5PSt and residual mass(es) of any size. of-treatment assessment.

OR OR OR

on CT, target nodes /nodal On CT = 50% decrease in SPD of up  On CT, an individual node /lesion must be abnormal with: LDi > 1.5 cm
masses must regress to < to 6 target measurable nodes and and Increase by > 50% from PPD nadir and An increase in LDi or SDi
1.5 cm in LDi extranodal sites from nadir 0.5 cm for lesions < 2 cm 1.0 cm for lesions > 2 cm In the

setting of splenomegaly, the splenic length must increase by >50% of the
extent of its prior increase beyond baseline (eg, a 15-cm spleen must
increase to > 16 cm). If no prior splenomegaly, must increase by at least
2 cm from baseline New or recurrent splenomegaly. New or clear
progression of preexisiting nonmeasured lesions. Regrowth of previously
resolved lesions. A new node > 1.5 cm in any axis or a new extranodal
site > 1.0 cm in any axis; if < 1.0 cm in any axis, its presence must be
unequivocal and must be attributable to lymphoma

LYRIC Same as Lugano Same as Lugano As with Lugano with the following exceptions:
Indeterminate response (IR) IR1: >50% increase in SPD in first 12 wks
IR2: <50% increase in SPD with a. New lesion(s), or b. >50% increase in
PPD of a lesion or set of lesions at any time during treatment IR(3):
Increase in FDG uptake without a concomitant increase in lesion size

meeting criteria for PD [

Prepublished online August 28, 20146;
dai= 10,1182 blead-2016-05-718523

€ blood



PD-1 Blockade with Nivolumab in Relapsed or Refractory
Hodgkin’s Lymphoma
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Ipilimumab
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Tumor-
associated T-cell
activity

m Melanoma tumor

\-‘ Growth kinetics

irAEs Safety
T -
Immune cell :
atona Inflammation Measurable
: : observed clinical effect
proliferation
Madian Intarval Responsn (No. of Patients)
Butvwwoen Startol
Mool | Clrically Evidant | Median Derailon | Treabmant snd ControBud Prijrasshva
Evaont Patinnta Advurse Event of Therapy ima) | Advirse Event {mo) Diseass Dispase
Calitis Gib.0) Yo B{3-35) | 3{2-126) 2 i
Hypophysitis 2 Yes T{4-8 2y | 1
Athiritia 4(24) Yies 18(d--38) {214 3 1
Thvyroiilils 1108} 1] i 4 1 0 z 7 . .
Lymphadonnpathy 6.7 M 37 |2-118) {113 ] i r;::‘::ﬁ;g:;g;e:::::;: cétmnts
Myonitls LN N 31 |36-37) hi3-8) 1 0 in Patients With Metastatic
Hatroparitonanl it opacities i Mo 436 Hi2-16) 1 (1 Melanoma Undergoing Anti—

I e—e—

CTLA-4 Antibody Therapy

AJA 2011, 197 W0 2-W 1000



PD-1 Blockade with Nivolumab in Relapsed or Refractory
Hodgkin’s Lymphoma

Table 2. Drug-Related Adverse Events in the 23 Patients.®
S Ay owe: |G Pancreatitis 3
o, of patients (%)
Any adverse event 18 (72) 5 (22 Pneumonitis 3
Drug-related adverse events reparted In =5%
of patients Gastrointestinal inflammation 3
Rash 5 (22 )
Decreased platelet count 4(17) 0 Stomatitis 3
Fatigue 3 (13) ¥] .
Pyrexia 3(13) +] Colitis 3
Diarrhea 3{13) o
MNausea 3 (13) o
Pruritus 1(13) o Bacteremia 4
Cough 2 {9) 0
Hypothyroidism 2 (9) o Enchephalitis 3
Decreased lymphooyte count 2{9) 14
P DO 709) o Graft versus host disease 5
Hypercalcemia 29} o Tl 3
Increased lipase level L) 14
Stamatitis 23 1(4) Pneumonia mycoplasma 3
Dirug-related serious adverse events
Myelodysplastic syndrome 1{4) 1(4) Skin infection 3
Lymph-node pain 1 {4) o
Bersathic | ) 1 4} Small intestinal infection 3
— e

N Engl ] Med 2015;372:311-9
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Abstract 3053

PD-1 inhibitor-related pneumonitis in advanced cancer patients

Mizuki Nishino, MD, MPH, Nikhil H. Ramaiya, MD, Mark M. Awad, MD, PhD, Lynette M. Sholl, MD, Jennifer A. Maattala, Myriam Taibi,
Hiroto Hatabu, MD, PhD, Patrick A. Ott, MD, PhD, Philippe F. Armand, MD, PhD, F. Stephen Hodi, MD

i ‘ r
A

A, B, At 1.4 months of therapy

Among 170 patients treated on 10 different trials of nivolumab,
either alone or in combination with other immune checkpaoint
inhibitors, 20 patients (11.8%) developed pneumonitis

7 (35%) were male and 13 (65%) were female, with a median age
of 52 (range 28-71)

5 patients received nivolumab monotherapy and 15 patients
received combination therapy (with ipilimumab in 12 and with
anti-KIR antibody lirilumab in 3 patients)

Ten patients had melanoma, 6 had lymphoma, and 4 had lung
cancer (3 non-small-cell and one small-cell lung cancer)

Severity of pneumonitis was Grade 1 in 5 (25%), Grade 2 in 10
(50%), and Grade 3 in 5 patients {25%)

Median time from therapy initiation to pneumnonitis was 2.6
months (range: 0.5-11.5)

Time to pneumonitis was shorter in 4 lung cancer patients
compared to 16 patients with melanoma and lymphoma (mediai
time to pneumonitis: 1.1 vs. 3.1 months; p=0.008)

Pvopmn

Nivolumab &

E, F. 2 months after restarting therapy

Dana-Farbes Cances imatinae and Brigham and Women's Howgsital,
Harvard Medical School, Baston, WA
il miguki_nivhinogdic harvend sdu

ASCO 2016
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Lymphangitic Carcinomatosis Disease or inflammation?
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Chivn Nl Med 2001439 ¢ 5—ca0
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Disease progression

Clinical situation

Cilirt Nueel Med 2015440 255-259
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IrAE affect a vast majority of immunotherapy patients

IrAE can lead to misinterpretation and drop-offs

Clinics play an important role in their recognition

e Biopsy or confirmation with subsequent scan



Can we come to a clear
conclusion on respose
in lymphoma?

Anti-PD-L1 mAbs | &

MEDI4736
MPDL3280A
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PD-L1 e

Anti-PD-LT mAbs
Pidilizumah
Pembrolizumab
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Curr ﬂpjn Oncol 2015, 27384 ~381
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