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Tumor-Associated Antigen

• MUC-1 (STn-KLH, Theratope)
• CEA (TRICOM)
• Telomerase
• p53
• Mammoglobin A

• HER2/neu



HER2/neu

• Proto-oncogene in the EGFR family

• Over-expressed in 25% of breast cancer 

• Known prognostic factor

• Target of trastuzumab

• Target of naturally occurring immunity and 
source of immunogenic peptides



HER2/neu Peptide Vaccines

ECD TMD ICD

Extra Cellular Domain (aa 1-652) Intra Cellular Domai n (aa 676-1255)

Trans Membrane 

Domain (aa 653-675)

E75-peptide vaccine (aa 369-377)

MHC Class I : HLA-A2 & HLA-A3

Stimulate CD8 T cells
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GP2-peptide vaccine (aa 654-662)

MHC Class I : HLA-A2

Stimulate CD8 T cells
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AE37-peptide vaccine (aa 776-790)

MHC Class II : multi-allele

Stimulate CD4 T cells

G V G S  P Y V S R L L G I  C LG V G S  P Y V S R L L G I  C L



Cancer Vaccine Program

Antigen Discovery

Vaccine
Development

Clinical Trials

Wide Applicability

Exportability



HER2/neu (E75) Vaccine

• Soluble peptide

• Mixed  with GM-CSF (250 mcg)

• Monthly intradermal injections
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E75 Peptide Vaccine Trials
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E75 as a Preventive Vaccine

• Node positive (NP), HER2/neu positive breast 
cancer following multimodality treatment 

• No evidence of disease

• High risk for recurrence

• Immunocompetent



Preventive Clinical Trials

No Evidence 
of Disease

Completed 
Primary Therapies

High Risk 
for Recurrence

Node-Positive
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NP E75 Vaccine Trial Objectives

• Assess safety and document toxicity

• Determine optimal biologic dose

• Evaluate in vivo cellular immune 
response

• Evaluate time to recurrence in 
vaccinated patients vs control patients



Monthly x 3 and 
Booster at 6 Months

3-61000 mcg + 250 mcg

Monthly x 3 and 
Booster at 6 Months

3-6500 mcg + 250 mcg 

Monthly x 63-61000 mcg + 250 mcg 

Monthly x 63-6500 mcg + 250 mcg 

Monthly x 63-6100 mcg + 250 mcg 

Vaccine schedule
Patient 

#
Dose (peptide + GMCSF)

NP Peptide Dosing Schedule
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NN E75 Vaccine Trial Objectives

• Assess safety and document toxicity

• Determine optimal biologic dose

• Correlate in vivo cellular immune 
response with level of HER2 expression

• Evaluate time to recurrence in 
vaccinated patients vs control patients



Monthly x 6101000 mcg + 250 mcg

Monthly x 610500 mcg + 250 mcg 

Monthly x 3 and 
Booster at 6 months

10500 mcg + 250 mcg 

Monthly x 3 and 
Booster at 6 months

10500 mcg + 125 mcg 

Monthly x 2 and 
Booster at 6 months

10500 mcg + 125 mcg 

Vaccine schedule
Patient 

#
Dose (peptide + GMCSF)

NN Peptide Dosing Schedule



HER2/neu Peptide (E75)
Vaccine Clinical Trials

N = 188 (-8 w/d)

Node-Positive
Breast Cancer

N = 97 (-3)

Node-Negative
Breast Cancer

N = 91 (-5)

HLA-A2+
Vaccinated
N = 51 (-1)

HLA-A2-

Controls
N = 46 (-2)

HLA-A2+
Vaccinated
N = 52 (-1)

HLA-A2-

Controls
N = 39 (-4)

Vaccination Group
N = 101

Control Group
N = 79



E75 Vaccine Trial Objectives

• Assess safety and document toxicity

• Determine optimal biologic dose

• Evaluate in vivo cellular immune 
response

• Evaluate time to recurrence in 
vaccinated patients vs control patients





Safety and Toxicity
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E75 Vaccine Trial Objectives

• Assess safety and document toxicity

• Determine optimal biologic dose

• Evaluate in vivo cellular immune 
response

• Evaluate time to recurrence in 
vaccinated patients vs control patients



Immunologic Assays

Vaccine Monitoring
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Ig:HLA-A2 Dimer



Dimer with 
CD3 / CD8 Staining

Control Peptide Pre-Vac Post-Vac

0.14% 4.31%1.29%



One Patient’s Response
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Immunologic Response
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Immunologic Response
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Delayed Type Hypersensitivity
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Pre- and Post-vaccination DTH

1.6

3.8

12.4

2.8

0

2

4

6

8

10

12

14

16

Pre Post

In
du

ra
tio

n 
(m

m
)

Control

Peptide

P<0.001



E75 Vaccine Trial Objectives

• Assess safety and document toxicity

• Determine optimal biologic dose

• Evaluate in vivo cellular immune 
response

• Evaluate time to recurrence in 
vaccinated patients vs control patients

In vivo Monitoring of a Peptide Cancer Vaccine



HER2/neu Peptide (E75)
Vaccine Clinical Trials

N = 188 (-8 w/d)

Node-Positive
Breast Cancer

N = 97 (-3)

Node-Negative
Breast Cancer

N = 91 (-5)

HLA-A2+
Vaccinated
N = 51 (-1)

HLA-A2-

Controls
N = 46 (-2)

HLA-A2+
Vaccinated
N = 52 (-1)

HLA-A2-

Controls
N = 39 (-4)

Vaccination Group
N = 101

Control Group
N = 79



VACCINATED  
HLA-A2 positive 

n=101

OBSERVED  
HLA-A2 negative 

n=79
Demographics

67%68%T1
33%32%T2-T4

32%32%HER2/neu 3+

18%31%ER- / PR-

56%50%Node-Positive

35%38%Grade III
65%62%Grade I-II

17%12%Other
83%88%Caucasian

52  (31-82)56  (22-77)Average Age (Range) 

P<0.05



Overall Recurrence and Survival Rates
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Overall Recurrence and Survival Rates
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Observed Loss of T-cell Immunity 
with Time

• Waning immunity and no booster
–At 20 mos, 5.6% vs. 14.2%, p<0.04 

–At 26 mos, 8.3% vs. 14.8%, p<0.17
–At 30 mos, 9.9% vs. 15.2%, p<0.28

• Booster added (n=35)
• No one has recurred on booster



Distribution of Recurrence
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Recurrence in Optimally Dosed

Control
(n=79)
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(n=30)

Sub-optimal 
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Summary
• One of the largest breast cancer “preventive”

vaccine trials

• Combined results but groups comparable and 
results from each trial consistent

• Non-standard dosing but biases against.  Now 
optimized dosing regimen/schedule set.



Conclusions
• Safe and effective in raising HER2/neu immunity in 

patients with low, intermediate, and over-expressing 
tumors

• Appears to have clinical impact 
– decreased deaths
– decreased recurrence rate
– altered recurrence patterns

• Improved outcomes with optimal dosing and booster 

• Proposed Randomized Phase II/III trial of HLA-A2+ 
NP patients- standard chemotherapy vs standard 
chemotherapy + E75+GM-CSF with boosters 
(“Neuvax regimen”)



How can this work?

• Vaccinate disease-free, immuno-component 
patients

• Overcome tolerance by supplying large 
amount of single antigen (processed)

• Start the “ball rolling” and allow to spread
–Epitope spreading
–Endogenous tumor cells as substrate

• Will require Phase III, Randomized Trial       
to prove



E75 clonal expansion after vaccination –
NP patients

• 22/22 + 
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HER2/neu Peptide Vaccines

ECD TMD ICD

Extra Cellular Domain (aa 1-652) Intra Cellular Domai n (aa 676-1255)

Trans Membrane 

Domain (aa 653-675)

E75-peptide vaccine (aa 369-377)

MHC Class I : HLA-A2 & HLA-A3

Stimulate CD8 T cells
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GP2-peptide vaccine (aa 654-662)

MHC Class I : HLA-A2

Stimulate CD8 T cells
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AE37-peptide vaccine (aa 776-790)

MHC Class II : multi-allele

Stimulate CD4 T cells
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Intra-antigenic epitope spreading  to GP2 –
NP patients

• 18/18 + epitope
spreading

• Max levels 0.25-
6.45%

• Mean
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E75 clonal expansion after vaccination –
NN patients

• 19/20 + clonal
expansion

• Max levels 

0.27-2.77%
• Mean

–Pre     0.36+0.16
–Max   1.68+0.24
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Intra-antigenic epitope spreading to GP2 –
NN patients

• 17/20 (85%) + 
epitope spreading

• Max levels 
0.33-2.17%

• Mean
–Pre     0.25+0.06
–Max   0.68+0.09
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How can this work?

• Vaccinate disease-free, immuno-component 
patients

• Overcome tolerance by supplying large 
amount of single antigen (processed)

• Start the “ball rolling” and allow to spread
–Epitope spreading
–Endogenous tumor cells as substrate

• Will require Phase III, Randomized Trial       
to prove
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CellSave ��� � Tube

CellTracks II ��� �
Analyzer

Circulating Tumor Cell Kit

Instrument Overview: 
CellSearch� System
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CTC in NP Breast Cancer Patients
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CTC pre- and post-vaccination
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CTC during vaccination period
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Circulating Tumor Cells

• Found in 86% of our NP disease-free women

• Significant reduction in pooled patients post-
vaccination

• Reduction in 8/9 patients with follow-up data

• May represent a clinically relevant monitoring 
tool for vaccine trials and research



How can this work?

• Vaccinate disease-free, immuno-component 
patients

• Overcome tolerance by supplying large 
amount of single antigen (processed)

• Start the “ball rolling” and allow to spread
–Epitope spreading
–Endogenous tumor cells as substrate

• Will require Phase III, Randomized Trial       
to prove



Future Directions

• Randomized Phase III 
E75 Efficacy Trial in NP 
and high-risk NN BrCa Pts

• Phase I Safety Trials of 
E75 multi-epitope vaccine

• Phase I Safety Trial of 
E75 with Herceptin

• Randomized Phase II of 
GP2+GM-CSF vs GM-
CSF in NP and high-risk 
NN BrCa

• Randomized Phase II of 
AE37+GM-CSF vs GM-
CSF in NP and high-risk 
NN BrCa

• Phase I Safety trial of E39



Efficacy Trial
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