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Breast Cancer

Female

231,840 (29% * Most frequently

Lung & bronchus

105,590 (13%) d|agn086d cancer |n

Colon & rectum
63,610 (8%)

Uterine corpus WO m e n

54,870 (7%)
Thyroid . .
230 (6% e 231,840 Invasive cases
Non-Hodgkin lymphoma
32,000 (4%)

Melanoma of the i e 40,290 estimated deaths

31,200 (4%)

Pancreas
24,120 (3%)

Leukemia
23,370 (3%)

Kidney & renal pelvis
23,290 (3%)

All sites
810,170 (100%)

American Cancer Society Facts & Figures 2015



Breast Cancer - Treatment

e Surgery
e Systemic therapy
—Chemotherapy

—Endocrine therapy

—Other targeted
therapy

 Radiation




Despite advances In treatment,

approximately 20% of patients

recur and ultimately succumb
to their disease

Immunotherapy



Immunogenic Tumors
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Prognostic Value of TIL

 N=2009 node positive
breast cancer samples 0] wsey P<.001
from BIG 02-98 adjuvant  * o
phase Il trial

o TIL identified on full-face l;

TILs (%)

. 20 : .-
H&E sections, pre- B = B W,
04 —1l === N ———| —L Ta ===
treatment Overall  ER#HER2-  HER2+  ER-/HER2-

Subtype

_ Evaluated Stromal and n 2,009 2,009 1,079 1,079 297 297 256 256
ntratumoral TIL
_ LPBC = > 50% soB o E% meg @

lymphocyte infiltration

Loi S, etal. J Clin Onc 2013; 31:860-867



Prognostic Value of TIL

All Patients

K
m :E 0;8_ i P,
D m 75.2% _*'—-—-\__hm
L 9 06+
[+ I .
v o i
@ A Group _ Patients Events
oS NolLPBC 1900 609
a 'S g2 —LPEC 108 26
= Log-rank P =.091
vl
T T T T T T T T T T
0 12 24 36 48 60 72 84 96 108 120
Time (months)
No. at risk
NoLPBC 1,900 1,824 1,687 1,570 1,482 1,394 1,314 1,062 430 &7 4
LPBC 108 104 48 91 86 84 80 69 34 2 0
HER2+
C . 1.0+
=z
= 0.8+
b o 66.7%
";-; S 064 B45% o m———
b= ,
@ 0.4+ Group  Patients Events
0w @ NoLPBC 284 113
o 'S god —LPBC 33 11
S Log-rank P =.371
w
T T T T T T T T T T
0 12 24 36 48 60 72 84 96 108 120
Time (months)
No. at risk
No LPBC 264 242 207 182 178 167 185 129 52 ] 1}
LPBC 33 32 28 25 21 20 20 17 5 0 1}

o

o

ER+/HER2-

. 1.0 1
=
@ = 0.8+
2 'm
W = |
& o 0.6
|=H
% — 0.4 Group  Patients Ewents
o © Mo LPBC 1048 280
83 02 —Leec 31 8
= Log-rank P=.746
v
0 12 24 36 48 60 72 84 896 108 120
Time (months)
Mo. at risk
No LPBC 1,048 1,032 986 920 B76 B825 778 627 2686 47 3

LPBC £} 29 29 27 27 26 23 23 14 Z 0

TNBC

. 1.0—-—._|_|
E 0.8 92.3% L
&) _E ° +
2w -
= 0.6 o
I-é; E - 61_9% e HHH
="
® = 04 Goup Patienis Evenis —
w S No LPBC 229 95
as 024 — LPBC 27 4
= Log-rank P=.014
w T T T T T T T T T T
0 12 24 36 48 60 72 84 96 108 120
Time (months)
MNo. at risk
NoLPBC 220 202 167 156 146 138 134 118 41 i 0
LPBC 27 26 24 23 22 32 21 18 1M 0o 0

Loi S, etal. J Clin Onc 2013; 31:860-867



Prognostic Value of TIL

Adams S, et al. J Clin Onc 2014; 32:2959-2966

DRFI (probability)

0S (probability)

1.0 4
—
0.84
0.6
04 wmsTiL=0 {28 events/95 cases)
== STIL = 10 (54 events/237 cases)
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0 2 4 6 8 10 12 14
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1.0 4
0.8
0.6
0.44 == sTIL = 0 (37 events/95 cases)
== sTIL = 10 (73 events/237 cases)
== sTIL = 20-40 (30 events/128 cases)
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Breast cancer IS
Immunogenic......

|s there a role for
Immunotherapy?



Immunotherapy

* Checkpoint blockade

 Adoptive T cell therapy
—CAR+ T cells

e \/accines



Immunotherapy

* Checkpoint blockade



Novel agents In clinical trials

4

Agonist Antibody

Blocking Antibody

Dendritic Cell
Co-Stimulatory

APC
Receptors




PD-L1 in TNBC

Log2

Mittendorf EA, et al. Cancer Immunol Res, 2014:2:361-370
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Anti-PD-1

KEYNOTE-012:
Triple-Negative Breast Cancer Cohort

Discontinuation

| R i
Complete Response Permitted

Recurrent or metastatic
ER-/PR /HER2™ breast
cancer

ECOG PS 0-1 Treat for 24 months
PD-L1* tumor? Partial Response or or until progression

No systemic steroid Stable Disease or intolerable
therapy toxicity
No autoimmune disease
(active or history of)

No active brain metastases L, Confirmed
Progressive Disease®

Discontinue

*  PD-L1 positivity: 58% of all patients screened had PD-L1-positive tumors
* Treatment: 10 mg/kg IV Q2W
* Response assessment: Performed every 8 weeks per RECIST v1.1

Nanda R, et al. SABCS 2014



Treatment-related AEs

Any Grade Grade 3-5
Arthralgia 6 (18.8%) 0
Fatigue 6 (18.8%) 0
Myalgia 5 (15.6%) 0
Nausea 5 (15.6%) 0
ALT increased 2 (6.3%) 0
AST increased 2 (6.3%) 0
Diarrhea 2 (6.3%) 0
Erythema 2 (6.3%) 0
Headache 2 (6.3%) 1 (3.1%)

AEs of a potentially immune-mediated nature, regardless of attribution,
included pruritis (n=3; all grade 1-2), hepatitis (n=1; grade 3), and
hypothyroidism (n=1; grade 2)

Nanda R, et al. SABCS 2014



Treatment Response

 Response assessed by RECIST v1.1

e Overall response rate 5 (18.5%)
* Best overall response
— Complete response 1 (3.7%)
— Partial response 4 (14.8%)
— Stable disease 7 (25.9%)
— Progressive disease 12 (44.4%)

— No assessment 3 (11.1%)

Nanda R, et al. SABCS 2014



Time to and Durability of
Response

» Median follow-up duration:
9.9 months (range, 0.4-15.1)

* Median time to response:
18 weeks (range, 7-32)

Best overall response ®* Median duration of response®?:

Bl Responder
[0 Nonresponder 2 CR not reached (range, 15 to 40+
PR

% PD aiter CR, PR, or SD', weeks)

O Last dose SD
—> Treatment ongoing A PD
I I I I I ]

0 8 16 24 32 40 48 56
Time, weeks

Nanda R, et al. SABCS 2014



SWOG 51418

e Phase lll trial

. 10 T g |

« Evaluating N g § .

pembrolizumab as & e
: > 08 \ Bkl
adjuvant therapy for £ - P o001 _
. . o - "'

TNBC patients with 2 1cm |z * i L
residual invasive cancer |5 *°7 oo R T
or + lymph nodes after T 057 e RomenTHeC L
neoadjuvant 04 — T T T T
ChemOtherapy Time After Surgery (years)

 PI. Lajos Pusztai, MD,
PhD, Yale University

Liedtke C, et al. J Clin Onc 2008; 26:1275-1281



SWOG 51418

TNBC
> 1cm residual cancer or
any + LN after
neoadjuvant
chemotherapy

—_

Pembrolizumab ——

200mg IV g3wk

Randomize 1:1 " x 1 year

—> Stratified
by ypN and ypT

Observation

—

Primary Objective: DFS in patients who receive 1 year of trastuzumab vs

observation

Secondary Objectives:
OS
DRFS
Toxicity & tolerability

Pl:

| S5-10yr
follow up

Lajos Pusztai



Anti-PD-L1

« MPDL3280A

e N=12

o Well tolerated with
only 1 grade 3-4
treatment-related
AE

 Responses seen in
patients previously
treated with
multiple lines of
therapy

Change in Sum of Largest Diameters from Baseline (%)

100
90
80
70+
60
50
40
30
20+
10+

-10
204

-30

40+
50
60+
70
80
90+
104

Progressive disease (n = 4)
——-— Stable disease (n = 1)
—————— Complete/partial response (n = 3)

\
-

\
-

_______________

_____________

@ Discontinued aANew Lesion

I I T T I I I T T I
105 126 147 168 189 210 231 252 273 294
Time of Study (Days)

Emens L, et al. SABCS 2014



PD-1/PD-L1 Pathway

* Response to anti-PD-1 or anti-PD-L1

therapy requires:
—PD-L1 expression

—Presence of T cells 1 msiiy
inTu-Ly
80 o
S 60-
- g o | FE
4 | &
j— 40 _T"__? | = ! b
g s o o - i
B ow B
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I

Overall  ER+/HER2- HER2+ ER-/HER2-
Subtype



Strategies to Augment T cell
Infiltrate

 Chemotherapy
—“Immunogenic cell death”
e Vaccines



Chemotherapy — Immunogenic
Cell Death

)‘ Anthracycline

4 Legend\
=== Antigen
*  ATP
Pre- < Calreticulin
Apoptotic "3 Cytokines
. s & == Tumor Cells \A HMGBlj

Apoptotic
Tumor
Cells

Antigen Uptake
and Presentation

Cell Lysis
by Tumor-
" Specific
- CTLs

3.

fe)
O A

CTL Activation

Chawla A, et al. Breast Cancer Manag, 2013;2:231-244



Clinical Tral

TNBC with residual cancer after neoadjuvant chemotherapy
has a poor prognosis

1.0 g |
&i‘ e, . . 98% '}P=.za .
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Liedtke C, et al. J Clin Onc 2008; 26:1275-1281
Symmans WF, et al. J Clin Onc 2007; 25:4414-4422
Symmans WF, et al. SABCS 2013



Triaging Protocol

t Biopsy with molecuia profiling l

Mo predictive
| esuitsgi
Patients with i : EiVER _ ok
localeedthee |2 Primary Objective:
e g ) o
whowillreceve (|| 2 A % pCR/RCB-
eoadi Z
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-
™
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7 LY g Y% size with imaging
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W
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Slide courtesy of Dr. Stacy Moulder, MD Anderson Cancer Center



Targeting PD-L1 in TNBC

enroll
adriamycin _ 2
cyclophosphamide [——>{ nab-paclitaxel g3wkf—s & |—>
e MPDL3280A E
o= o o 0 0
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(ORye) o o § g
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» N=37 to detect 1 in rate of pCR or RCB-I from 5% to 20%

* Primary endpoint:
» Determine safety of MPDL3280A in combination with nab-paclitaxel
* pCR/RCB-I rate

* Secondary endpoint:
* DFS

* Pls: Jennifer Litton, MD and Elizabeth Mittendorf, MD, PhD

MPDL3280A
to complete 6 mo of
treatment

poolq — 3



Strategies to Augment T cell
Infiltrate

e Vaccines



Vaccines

 Inject an antigen
that stimulates a
specific Immune
response

* Lymphocytes — ol
B cells and T cells 5 "




Peptide Vaccines

e Use antigenic
peptides derived
from tumor
associlated
antigens (TAA)

e Stimulate peptide-
specific Immune
regulators




Peptide Vaccines

e Pros:

« Simple to construct

 Easy to manufacture large scale
* Inexpensive

e Exportable to the community



HER?Z2

Extracellular Domain Trans Membrane Domain Intracellular Domain
(aa 1-652) (aa 653-675) (aa 676-1255)
ECD TMD ICD
| ISAVVGIL

©.0.0.0.0.0.0.0.0

GP2-peptide vaccine (aa 654-662)
MHC Class | : HLA-A2
Stimulate CD8 T cells

KI'FGSLAFL GVGS PYVSRLLGICL

. .0 0 0 06 0 0 0. 0 e .06 6 6 6 606 06 06 06 06 06 06 0 0

E75-peptide vaccine (aa 369-377) AE37-peptide vaccine (aa 776-790)
MHC Class | : HLA-A2 & HLA-A3 MHC Class Il : multi-allele

Stimulate CD8 T cells Stimulate CD4 T cells




E75 Phase I/ll Trial

Vaccine Control p value
n=108 n=79
Age (median) 57 53 0.49
Node Positive 49% 56% 0.37
Tumor Size (T2-T4) 30% 39% 0.51
Histologic Grade 3 41% 38% 0.85
ER/PR negative 31% 18% 0.03
HER2 overexpression 31% 25% 0.53
Chemotherapy 76% 73% 0.70

Mittendorf EA et al. Ann Oncol 2014;25(9):1735-1742




Local Toxicity




In Vivo Immune Response: DTH

14 | P<.001
I | P<.001
I
Ve ol
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O 2 I I
Normal E75 Normal E75
Saline Saline

Pre-Vaccination Post-Vaccination

Mittendorf EA et al. Ann Oncol 2014;25(9):1735-1742



Vaccine Induced E75 CTL

%E75 CDS8+ T cells

(mean dimer index)

4.00

3.50

3.00

2.50

2.00

1.50

1.00

0.50

0.00

P=0.09
Did Not Recur
.Recurrence
Recurrence above the mean: 1/30 (3%)
“® .o N Mean R6 Dimer =0.63
*
0“
Patient

Recurrence below the mean: 8/56 (14%)

Schneble EJ et al. Immunotherapy 2014;6(5):519-531



DFS — 60 mo f/u
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Mittendorf EA et al. Ann Oncol 2014;25(9):1735-1742




DFS — Optimal Dosing

1.0

0.5

0.6+

0.4

0.29

Fraction Surviving Disease Free

0.0

- Optimally dosed (n=37)
== 7% Suboptimally dosed (n=71)
Control (n=79)

0] 10 20 30 40 a0 G0

Time (months)

Mittendorf EA et al. Ann Oncol 2014;25(9):1735-1742




Phase Il Study Schema: PRESENT (Prevention of Recurrence in
Early Stage Node-Positive Breast Cancer with Low to
Intermediate HER2 Expression with NeuVax Treatment)

Interim
Study Population analysis by Endpoint DFS
. DSMB at at n=139
Adjuvant Breast cancer n=70 events events/36 mos.

* Node positive (NP), E75 + GM-CSF
HLA A2/A3+, low and
intermediate HER?2

(BC) patients, n=700, * *
expression
* Achieve CR with

randomized 1:1 H HH HH H H H
standard of care (SOC)
« Stratified by Stage (IIA- Placebo
lI1A), Type of Surgery, + GM-CSF

Hormone Receptor and

: . + 1 booster + Dosing to
 Single dose level of Dosing 1 2 3 45 6 goseevary disease
GM-CSF +/- E75 by Month 6 months progression or
thereafter 36 months

Pl: E.A. Mittendorf



Phase Il Trial of Combination
Immunotherapy with E75+GM-CSF and
Trastuzumab in high-risk HER2+ Breast

Cancer Patients

Study Sponsors:
Department of Defense
Galena Biopharma



Mechanisms of Synergy

« ADCC — 1 CD8" T cell response

e Broad stimulation of HER2-specific
Immunity
—CD4* T cell response
—Antibody response

e 1 antigen availability/presentation




High-risk HER2+ Breast Cancer

e Did not achieve a
PCR after
neoadjuvant
chemotherapy +
HER?2-targeted
therapy

e Upfront surgery
patients that are path
node-positive
— 24+ LN
— 1-3+ LN if HR

negative

Study N Regimen Results

TECHNO 217 EC—taxol + 3-yr DFS from
Tz randomization
pCR = 88%
no pCR = 73%
MD Anderson (2009) 142 Included a taxane, 3-yr RFS from
anthracycline and date of diagnosis
concomitant Tz PCR = 96%
no pCR = 80%
MD Anderson (2013) 229 Included a taxane, 5-yr RFS from
anthracycline and date of diagnosis
concomitant Tz PCR = 96%
no pCR = 79%

BCIRG-006 3222 Randomized to: 5-yr DFS
AC-T NN NP 24+
AC-T + Tz LN
TCH
AC- 93% 80% 73%
TH
TCH 90% 78% 72%




Schema

18-24 weeks
Neoadjuvant Chemo

Surgery

Must enroll before 3
dose of trastuzumab
maintenance therapy

18-24 weeks
Adjuvant Chemo

Surgery

*neoadjuvant chemotherapy regimen must include trastuzumab
and at least four cycles (12 weeks) of taxane-containing therapy

Ainoculations to begin with 3 dose of trastuzumab maintenance

therapy

Study Population
Primary resected
HER2+ breast
cancer (upfront
surgery) with node
positive disease
HER2+ breast
cancer patients not
achieving a pCR
after neoadjuvant
chemotherapy*
HLA-A2/3+

Trastuzumab +
E75+GM-CSF

Trastuzumab +
GM-CSF?



Endpoints

e Primary
—Compare invasive DFS between treatment
groups
e Secondary

—Distant RFS
—Assess local and systemic toxicities

— Evaluate Iin vivo and In vitro immune
responses



HER?Z2

Extracellular Domain Trans Membrane Domain Intracellular Domain
(aa 1-652) (aa 653-675) (aa 676-1255)
ECD TMD ICD
| ISAVVGIL

©.0.0.0.0.0.0.0.0

GP2-peptide vaccine (aa 654-662)
MHC Class | : HLA-A2
Stimulate CD8 T cells

KI'FGSLAFL GVGS PYVSRLLGICL

. .0 0 0 06 0 0 0. 0 e .06 6 6 6 606 06 06 06 06 06 06 0 0

E75-peptide vaccine (aa 369-377) AE37-peptide vaccine (aa 776-790)
MHC Class | : HLA-A2 & HLA-A3 MHC Class Il : multi-allele

Stimulate CD8 T cells Stimulate CD4 T cells




AE37 Phase Il Trial

| = AE37+GM Specific Aims
* NP or high- A
risk NN N 1. R_ecurrence
e HER2 IHC D 2. Timeto
1+, 2+ or 3+ o Recurrence_
« NED after M 3. Immunologic
sOC I / response
therapy > correlation
E

GM only

National Pl: E Mittendorf, MD, PhD



AE37 Phase Il Trial

e |nclusion criteria

— Node-positive or high-risk node-negative breast
cancer

— Any degree of HER2 expression (IHC 1-3+)
— NED after SOC therapy
* ODbjective

— Determine If the AE37+GM-CSF vaccine reduces the
recurrence rate

 Primary analysis to occur after 39 events



AE37 — Clinicopathologic

Characteristics
Vaccine P value
N=153
Age (median) 49 yrs 51 yrs 0.22
Node positive 65% 66% 0.32
Grade 3 51% 54% 0.36
T2-T3 56% 66% 0.06
ER/PR negative 39% 38% 0.46
HERZ2 positive 50% 46% 0.36

Mittendorf EA, et al. ASCO 2014



AE37 — Toxicity

Bl GM-CSF only
80 AE37 + GM-CSF

20
0 l -
0 —_— —_—
Grade 0 Grade 1 Grade 2| Grade 3 Grade O | Grade 1 Grade 2 Grade 3

Local Systemic

Mittendorf EA, et al. ASCO 2014



AE37 — Primary Analysis

Proportion Disease Free

1.0
0.9
0.8
0.7
0.6
0.5
0.4
0.3

0.2

0.1
0.0

AEIT+GM-C5F

AEIT+GM-C5F GM-CSF
n 153 145

events 19 20
HR (CI) 0.885 (0.472, 1.659)
Logrank 0.704

(4]

5

o 15 20 25 30 35 40 45 50 55 60 65 VO TS5

Disease Free Survival Time (Months)

Mittendorf EA, et al. ASCO 2014



AE37 — Primary Analysis

Proportion Disease Free

1.0
0.9
0.8
0.7
0.6
0.5
0.4
0.3
0.2

0.1

0.0

TNBC

[ AE37T+GM-CSF

| 609

': RR

AE37+GM-CSF GM-CSF
n 25 25
events 4 9
HR (CI) 0.403 (0.123, 1.316)
Logrank 0.120

o

0 5 10 15 20 25 30 35 40 45 50 55 60 65 70 75

Disease Free Survival Time (Months)

Mittendorf EA, et al. ASCO 2014



AE37

adriamycin
cyclophosphamide
3wk x 4

enroll

poojq ——>

Asdoiq anssl] ——

* Proposed trial

nab-paclitaxel weekly x 12
a-PD-1 g2wk

Alabins

a-PD-1 g2wk to
complete 6 mo of
treatment

nab-paclitaxel weekly x 12
a-PD-1 g2wk
AE37+GM-CSF gdwk

poolq —»

fAabins

a-PD-1 g2wk to
complete 6 mo of
treatment; AE37 gdwk
to complete 8
inoculations

poold — 3

uswioads ealbing ——>

pooly —>



Conclusions

e Breast cancer Is an Immunogenic
tumor

e Multiple ongoing trials are
evaluating Immunotherapy
strategies

 Novel combinations are the likely
way forward



IS Immunotherapy ready for
prime time In breast cancer?

Yes
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