MD Anderson
CancerCenter

Making Cancer History

Immunotherapy for the
Treatment of Melanoma

Patrick Hwu, MD

Division Head, Cancer Medicine

Professor and Chairman

Melanoma and Sarcoma Medical Oncology
Co-Director Center for Cancer Immunology Research

The University of Texas MD Anderson Cancer Center

Society for Immunotherapy of Cancer

ACIl — TX Program
Friday, June 19, 2015



More Recent Agents that have been

FDA Approved for Metastatic Melanoma

« Vemurafenib (Zelboraf) for BRAF mutant late-stage me  lanoma
- August 17, 2011.

e Ipilimumab (MDX-010/Yervoy) for late-stage melanoma  that
has spread or cannot be removed by surgery - March 2~ 011.

« Dabrafenib (Talfinlar) for BRAF mutant metastatic me  lanoma
that cannot be surgically removed — May 2013.

* Tremetinib (Mekinist) for metastatic melanomathatc  annot be
surgically removed — May 2013.

 Pembrolizumab (Keytruda) for advanced melanoma that no
longer responds to other drugs - September 2014.

* Nivolumab (Opdivo) for advanced melanoma that no lon ger
responds to other drugs — December 2014.



anti-CTLA -4: Mechanism of Action

» Blocks CTLA -4, an inhibitory receptor on T-cells.

» CTLA-4 is only expressed on the surface of T-cells
after stimulation with antigen.
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anti-CTLA -4 (Ipilimumab) Increases Progression Free Survival

and Overall Survival Compared to Vaccine Alone
for Patients with Metastatic Melanoma
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Kaplan-Meier Estimates of Overall Survival in Advan

Melanoma Patients Treated with Ipilimumab plus Dacar
(DTIC) or Placebo plus DTIC in Phase Ill CA184-024 study.
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Adjuvant Ipilimumab vs. Placebo Recurrence-free Surv  ival

(RFS) in Resected High Risk Stage Ill Melanoma Pati ents

100 5 Ipilimumab Placebo
Events/patients  2341/475 2941476
R HR (95% CI)* 0.75 (0-64-0-90)
B Log-rank® pvalue 0-0013

1-year RFS 63.5% (59-0-67.7) 56-1% (51.5-60-5)
2-year RFS 51.5% (46.7-56-0) 43.8% (39-3-48.3)
3-year RFS 46-5% (41-5-51.3) 34-8% (30-1-39:5)

*Stratified by stage
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Receptor-ligand Pairs that Play a Role

In Reqgulating T -cell Function

B7-CD28 family  TNF-TNFR family  Additional molecules

T-cell APC
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Durable Responses are Seen in Patients with Metasta  tic

Melanoma Treated with anti-PD -1 Antibody

Patient with Melanoma
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Activity of anti-PD -L1 Antibody in Patients with

Advanced Melanoma and Non -Small-Cell Lung Cancer
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Clinical Response to anti-PDL -1 in a
Patient with Metastatic Melanoma

After 6 months
Brahmer et al.NEJM 2012 10

Baseline After 2 months



Anti-PD1 vs. Dacabazine in Patients with Previously

Untreated Melanoma without BRAF Mutation

Table 2. Response to Treatment.*

Nivolumab Dacarbazine

Response (N=210) (N=208)
Best overall response — no. (%) 1

Complete response 16 (7.6) 2 (1.0)

Partial response 68 (32.4) 27 (13.0)

Stable disease 35 (16.7) 46 (22.1)

Progressive disease 69 (32.9) 101 (48.6)

Could not be determined 22 (10.5) 32 (15.4)

Objective response

No. of patients (% [95% CI]) 84 (40.0 [33.3-47.0)) 29 (13.9[9.5-19.4])
26.1 (18.0-34.1

Difference — percentage points )

(95% Cl)
Estimated odds ratio (95% Cl) 4.06 (2.52-6.54)
P value <0.001

Time to objective response — mo

Median @ @
Range 1.7=76 1.8-3.6

Mean 2.6x1.3 2.5x0.7
Duration of response — mof

Median (95% Cl) Not reached 6.0 (3.0-not reached)

Range 0.0-12.5 1.1-10.0

% Plus—minus values are means +SD.
T The best overall response was assessed by the investigator with the use of the Response Evaluation Criteria in Solid
Tumors, version 1.1.*°
i Data include patients with a complete response and those with a partial response. The calculation of the confidence in-
terval was based on the Clopper—Pearson method. The estimate of the difference (the rate in the nivolumab group minus
the rate in the dacarbazine group) was based on the Cochran—-Mantel-Haenszel method of weighting, with adjustment
for PD-L1 status and metastasis stage as entered into the interactive voice-response system. The odds ratio and two-
sided P value for an objective response with nivolumab as compared with dacarbazine were calculated with the use of
a Cochran—Mantel-Haenszel test stratified according to PD-L1 status and metastasis stage.
§ The median was calculated with the use of the Kaplan-Meier method. Data were censored for the range values because RobertC etal. N Engl J Med

the observations are ongoing. The cutoff date for clinical data was August 5, 2014, with a range of follow-up from 5.2to  Jgn 2015:372:320-330
16.7 months. ’ ' '
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Anti-PD1 Associated with Higher Response Rates Comp  ared
to Dacarbazine in Patients with Previously Untreated

Melanoma without BRAF Mutation
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The median follow-up for overall survival was 8.9 months in the
nivolumab group and 6.8 months in the dacarbazine group.

Panel B shows the Kaplan—Meier curves for progression-free
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Randomized Study of anti-PD1 in Patients

Who Have Progressed After anti-CTLA -4

Patient Disposition
Analysis cutoff date: May 12, 2014

; 540 patients randomly assigned® J

v

Pembrolizumab 2 mg/kg Q3W Pembrolizumab 10 mg/kg Q3W Chemotherapy

+ 180 allocated « 181 allocated = 179 allocated

» 178 received treatment » 179 received treatment * 171 received treatment®

Vi 3. Y ' ) - : l 4

- 52 ongoing /f 61 ongoing '\\ * 14 ongoing

+ 126 discontinued * 118 discontinued « B6 crossed over to pembro
- 89 progressive disease - 76 progressive disease + 71 discontinued
- 21 adverse events — 24 adverse events - 42 progressive disease
- 0 deaths - 1 death - 18 adverse events
- 16 other® - 17 other® - 1 death

- 10 other®
. J /] N ®

2Enrollment period: November 2012 to November 2013; Median follow-up duration: 10 months
sDacarbazine, n = 45; temozolomide, n = 43; Paclitaxel + carboplatin, n = 42; paclitaxel, n = 28; carboplatin, n =13.
dncludes physician decision, withdrawal by patient, and noncompliance with study drug.
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Randomized Study of anti-PD -1 in Patients

Who Have Progressed After anti-CTLA -4

Kaplan-Meier Estimate of PFS
(Primary End Point: RECIST v1.1, Central Review)

100 = = Arm
90 = i Pembro 2 Q3W

Pembro 10 Q3w

60 — Chemotherapy

Progression-Free Survival, %

Number a1 risk

Pembro 2 Caw 180 153 74 53 26 g 4 o
Pambro %0 G3w 181 158 [_¥] 5% i} 15 5 1 1 o
Chemctherapy 179 128 43 24 15 i < 0

Analysis cutoff date: May 12, 2014,
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Kaplan -Meier Estimates of Overall Survival

Patients Treated with Pembrolizumab
Every 2 or 3 Weeks vs Ipilimumab

Overall Survival

Permbrolizumab, Q3W

Pembrolizumab, QW

Ipilimumab

Overall Survival [%)
$

304

204

10+

o T T T T T T T T 1

0 2 4 & 8 10 12 14 16 18
Month

No. at Risk
Pembrolizumab (10mg/kg), Q2W 279 266 248 233 219 212 177 67 19

o
Pembrolizumab (10mg/kg), Q3W 217 266 251 238 215 202 158 71 18 0
|p|||mumab (3 mg/kg) 278 242 212 188 169 157 117 51 17 i}

Robert C et al. N Engl J Med
2015 Apr 19. [Epub ahead of print]
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Comparison of Adverse Events in Patients Treated wi  th

Pembrolizumab Every 2 and 3 Weeks vs Ipilimumab

Table 2. Adverse Events in the As-Treated Population.*
Pembrolizumab Pembrolizumab
Every 2 Wk Every 3 Wk Ipilimumab
Adverse Event (N=278) (N=277) (N=256)
Any Grade  Grade 3-5 Any Grade Grade 3-5 Any Grade  Grade 3-5
number of patients (percent)
Related to treatment*
Any 221 (79.5) 202 (72.9) 187 (73.0)
Occurring in 210% of patients in any study group
Fatigue 58 (20.9) 0 53 (19.1) 1(0.4) 39(152) 3(L2)
Diarrhea 47 (16.9) 7 (2.5) 40 (14.4) 3(1.1) 58(227)  8(3.1)
Rash 41 (14.7) 0 37 (13.4) 0 37 (145)  2(0.8)
Pruritus 40 (14.4) 0 39 (14.1) 0 65(254)  1(0.4)
Asthenia 32 (11.5) 1(0.4) 31(11.2) 0 16 (6.3) 2(0.8)
Nausea 28 (10.1) 0 31 (11.2) 1(0.4) 22 (8.6) 1(0.4)
Arthralgia 26 (9.4) 0 32 (11.6) 1(0.4) 13 (5.1) 2 (0.8)
Vitiligo 25 (9.0) 0 31(11.2) 0 4 (1.6) 0
Adverse event of special interesty
Hypothyroidism 28 (10.1) 1(0.4) 24 (8.7) 0 5(2.0) 0
Hyperthyroidism 18 (6.5) 0 9(3.2) 0 6(2.3) 1(0.4)
Colitis 5 (1.8) 4(1.4) 10 (3.6) 7 (2.5) 21(82)  18(7.0)
Hepatitis 3 (LY 3(L1) 5(1.8) 5(1.8) 3112) 1(0.4)
Hypophysitis 1(0.4) 1(0.4) 2(0.7) 1(0.4) 6(2.3) 4 (L)
Pneumonitis 1(0.4) 0 5 (1.8) 1(0.4) 1 (0.4) 1(0.4)
Type 1 diabetes mellitus 1 (0.4) 1(0.4) 1(0.4) 1(0.4) 0 0
Uveitis 1(0.4) 0 3 (L1) 0 0 0
Myositis 0 0 2 (0.7) 0 1(0.4) 0
Nephritis 0 0 1(0.4) 0 1(0.4) 1(0.4)

* The relationship between an adverse event and a study drug was attributed by the investigator. Events are listed in order of descending fre-
quency in the group receiving pembrolizumab every 2 weeks, except for hypothyroidism, hyperthyroidism, and colitis, which are reported as
adverse events of special interest.

 The listed adverse events of special interest include related terms and are provided regardless of attribution to a study drug. Events are list-

ed in order of descending frequency in the group receiving pembrolizumab every 2 weeks.
Robert C et al. N Engl J Med 16
2015 Apr 19. [Epub ahead of print]



Moving Beyond Single Agent

Checkpoint Inhibition

e Combination Immunotherapy

— Antibody plus Antibody
— Antibody plus T -cells

e Targeted Therapy and Immunotherapy

17



Survival of B -16-bearing Mice

Vaccinated with Fvax + Antibody
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Computed Tomographic ( CT) Scans of the Chest Showing

Tumor Regression in a Patient Who Received the
Concurrent Regimen of Nivolumab and Ipilimumab

Pretreatment 12 weeks

» A 52-year-old patient presented with extensive nodal and visceral disease

» Baseline LDH was elevated (2.3 x ULN); symptoms included nausea and vomiting

» Within 4 wk, LDH normalized and symptoms resolved

» At 12 wk, there was marked reduction in all areas of Weeks since treatment initiation
disease as shown

Wolchok,NEJM, 2013 19



anti-PD1 plus Ipilimumab vs Ipilimumab Alone

In Previously Untreated Melanoma — Change In
Tumor Burden per RECIST Guidelinesv

Best Change from Baseline in Target-Lesion Volume (3£)

100+
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254

Nivolumab plus Ipilimumab
Median Change: Decrease of 68.1%

Ipilimumab
Median Change: Increase of 5.5%
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Postow MA et al. NEJM Apr 2015;372:320-30,
[Epub ahead of print]
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Progression -free Survival for Melanoma Patients

with BRAF Wild -type Tumors Treated with anti-PD1
plus Ipilimumab vs Ipilimumab Alone

Death or Disease Median Progression-free

Progression Survival
no. of patients total no. mo (95% CI)
Nivolumab plus Ipilimumab 30/72 NR
Ipilimumab 25/37 4.4 (2.8-5.7)
Hazard ratio, 0.40 (95% CI, 0.23-0.68)
100 -ws- P<0,001
90—
T 0
£ . i
AT " Nivolumab plus ipilimumab (N=72)
3 §. 60 E
[] 1h----|--r
£%
£ 404 :
‘e
30 s VI,
v vemoean Ipilimumab (N=37)
10+
0 I 1 | 1 1 |
0 3 L 9 12 15 18
Months
MNa. at Risk
Nivolumab plus ipilimumab 72 54 45 38 20 1 ]
Ipilimumab AF 20 g E 2 0 0

Postow MA et al. NEJM Apr 2015;372:320-30, 21
[Epub ahead of print]



Treatment Related Adverse Events for Melanoma

Patients Treated with anti-PD1 plus Ipilimumab  vs
Ipilimumab Alone

Table 3. Treatment-Related Adverse Events.”

Nivolumab plus Ipilimumab Ipilimumab
(N=94) (N =46)
Event Any Grade Grade 3or 4 Any Grade Grade Jor 4

number of patients (percent)

Any treatrment-related adverse event 86 (91) 43 (93)

Most common treatment-related
adverse eventsy

Diarrheat 42 (45) 10 (11) 17 (37) 5 (11)
Rash 39 (41) 5 (5) 12 (26) 0
Fatigue 37 (39) 5 (5) 20 (43) U]
Pruritus 33 (35) 1(1) 13 (28) 0
Colitis 22 (23) 6 (13)

Nausea 21 (22) 1(1) 11 (24) 1(2)
Elevated alanine aminctransferase 21 (22) 2 (4)

Elevated aspartate aminotransferase 20(21) 77 2 (4) 0
Pyrexia 19 {20) 3(3) 7 (15) 0
Maculopapular rash 15 (16) 3(3) B(17) 0
Hypothyroidism 15 (16) 0 7 (15) 0
Decreased appetite 14 (15) 0 4(9) 0
Headache 13 (14) 2(2) 5(11) 0
Vomiting 13 (14) 1(1) 5(11) 0
Increased lipase 12 (13) 8 (9) 2 (4) 1{2)
Hypophysitis 11 (12) 2 (2) 3(7) 2 (4)
Prieumanitis] 10 (11) 2 (2) 2 (4) 1(2)
Arthralgia 10 (11) 0

Chills 10 (11) 0

Vitiligo 10 (11) Postow MA et al. NEJM Apr 2015;372:320-30,

Abdominal pain 10 (11) [Epub ahead of print] 22



Change in Tumor Burden after Treatment with Combine  d Nivolumab and

Ipilimumab or Monotherapy for Patients with Untreate d Melanoma
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Larkin J...Hodi FS, Wolchok JONEJM
May 31 [Epub ahead of print]
Patiens DOI: 10.1056/NEJM0a1504030
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Progression Free Survival for Patients with

Combined Nivolumab and Ipilimumab or Monotherapy
In Untreated Melanoma

Intention-to-Treat Population
100 -
= 90—
2 g0
s 704
4
2 60+
ﬁ 50
g 40 - Nivolumab
% 304 . A—
En 20 Ni\fol.l.fmab plus
a 104 Ipilimumab ipilimumab
0 1 1 I I I 1 I I I I I I 1 ] 1 1 T 1 1 1 1
0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21
Months
No. at Risk
Nivolumab 316 292 271 177 170 160 147 136 132 124 106 86 50 38 14 9 6 2 il 1 1 0
Nivolumab plus ipilimumab 314 293 275 219 208 191 173 164 163 151 137 116 65 54 18 11 7 2 1 0 0 0
1pi|imumab 315 285 265 137 118 95 77 68 63 54 47 42 24 17 7 4 3 0 0 0 0 0

Larkin J...Hodi FS, Wolchok JONEJM

May 31 [Epub ahead of print]
DOI: 10.1056/NEJM0a1504030
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The Influence of PDL1 Positivity on Progression Fre e Survival

for Patients with Combined Nivolumab and Ipilimumab o r
Monotherapy in Untreated Melanoma

Patients with PD-L1-Positive Tumors

100
90 B
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704
60
50
40,
30
20+
10
0

Nivolumab
Nivolumab plus
ipilimumab

Progression-free Survival (%)

Ipilimumab

T T T T T T T T T T T T T T T T 1
0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17
Months
No. at Risk
Nivolumab 80 76 71 57 56 54 51 49 49 43 38 32 16 13 5

4
Nivolumab plus ipilimumab 68 63 61 S5S3 52 47 44 42 42 39 34 24 16 12 3 1
Ipilimumab 75 69 66 40 33 24 22 21 21 17 16 15 9 6 3 2

ccoco

Patients with PD-L1-Negative Tumors
100,
90
80
70
60
50
40
30
20
104
0

Nivolumab

Progression-free Survival (%)

Nivolumab plus
ipilimumab

Ipilimumab

T T T T T T T T T T T T T T T T T T T T 1
0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21
Months

No. at Risk

Nivolumab 208 192 178 108 105 93 83 80 76 74 63 50 31 24 9 5 4
Nivolumab plus ipilimumab 210 195 181 142 134 123 112 106 105 96 88 79 42 36 13 9 6
Ipilimumab 202 183 166 82 72 59 44 39 35 31 2 22 12 8 3 1 0

Larkin J...Hodi FS, Wolchok JONEJM
May 31 [Epub ahead of print]
DOI: 10.1056/NEJM0al1504030 25



Moving Forward

Future Approaches

26



T-cell Targets for Immunoregulatory

Antibody Therapy

Activating Inhibitory

receptors receptors
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| Mellman et al.Nature 480, 480-489 (2011) doi:10.1038/nature10673
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T-cell Targets for Immunoregulatory

Antibody Therapy

Activating Inhibitory

receptors receptors
=< CD28 L ) CTLA-4 %
g{ OX40 @/ _g PD-1 >=
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| Mellman et al Nature 480, 480-489 (2011) doi:10.1038/nature10673

namure
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Question?

Does PD-1 inhibition enhance
T-cell therapy?

29



Delayed Tumor Progression in Tumor-bearing

Mice Receliving anti-PD -1 and ACT Treatment
Antibody i.p.
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Bringing Silos Together

Shared Data
& Resources
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Potential Combinations for Clinical Trials

Targeted Agents
> BRAFiI
> MEKi

> C
> P
> A

D
3

(-

KI
K4
I

Immune Agents
» anti-CTLA -4

» anti-PD-1

» anti-PDL1

> Anti-41BB

> Anti-KIR

» anti-CD40L

» anti-OX40

» Vaccines

» T-cells

32



Considerations when Selecting Therapies

Response  Rapidity of Duration of
Therapy Rate Response Response Availability Toxicity
BRAFi 50% Rapid Low High Low
BRAFi + MEKI 75% Rapid Moderate High Low
aCTLA4 10% Slow High High Moderate
aPD-1/aPDL1 20-40% Rapid High High Low
TIL 40-50% Slow High Low High
High Dose IL-2 10-15% Slow High Moderate High
Biochemotherapy 30-40% Rapid Moderate Moderate High
Surgery 100% Rapid Low High Variable
Chemotherapy 15% Rapid Low High Moderate

*Due to time required to generate cells 33



Patients with Slow to Moderate Growing

Melanoma with Good Performance Status

aPD-1/aPDL1

aCTLA4

TIL or High Dose IL-2

RSV = ] (in BRAF V600 mutants)

34



anti-PD1 Antibody Therapy

~

ct 2011 | ~ Dec 2011

75 year old with melanoma metastatic
to lungs (BRAF/NRAS WT).

Waited for anti-PD1 antibody trial

to open March 2012.

Now CR 18 months later. :
Aug 2013




Melanoma Case Presentation

23 year old woman presents with a conjunctival
pigmented lesion.

Biopsy reveals melanoma, thickness of 0.5 mm.
Resection and cryotherapy performed.

8 years later, the patient presents with a breast
mass; biopsy Is positive for melanoma.

PET-CT reveals bilateral lung metastases and
multiple subcutaneous lesions.

Molecular testing of primary and metastases
reveals BRAF V600E mutation.



anti-PD1 Antibody Therapy

February 2013 August 2013




Patients with Rapidly Growing Melanoma
with Good Performance Status

BRAF V600 Mutant

BRAFi +/- MEKi +/- Ipi Biochemotherapy or
Ipi/Biochemotherapy

aPD-1/aPDL1
aPD-1/aPDL1

Biochemotherapy
or High Dose IL-2/TIL High Dose IL-2/TIL

38



The Growing Importance of Surgery

as Systemic Agents Improve

Before Anti-CTLA4 After Anti-CTLA4

Tumor was resected and patient is 4 years disease free (W. Hofs.tetter)39



Considerations when Selecting Therapies

Therapy
BRAFi

BRAFi + MEKIi

aCTLA4

aPD-1/aPDL1

TIL

High Dose IL-2

Biochemotherapy

Surgery

Chemotherapy

Response
Rate

50%
75%
10%
20-40%
40-50%
10-15%
30-40%
100%

15%

Rapidity of

Response
Rapid

Rapid
Slow

Rapid
Slow
Slow

Rapid
Rapid

Rapid

*Due to time required to generate cells

Duration of
Response

Low
Moderate
High
High
High
High
Moderate
Low

Low

Availability

High
High
High
High
Low
Moderate
Moderate
High

High

Toxicity

Low

Low
Moderate
Low

High
High
High
Variable

Moderate
40
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