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Abstract: Vaccine therapies for treatment and prevention of cancer have seen modest

degrees of efficacy with wide variation related to the tumor type, vaccine type, adjuvants

and clinical setting for their study. Over the course of the last two decades, various peptide

vaccines for breast cancer have been studied. The current leading peptide vaccine for human

application is a HER2-based vaccine known as Nelipepimut-S, which has demonstrated

immune activity and promising clinical activity in some settings. This review covers the

development of this newer peptide vaccine for both HER2 amplified and non-amplified

breast cancer.
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Introduction
The human epidermal growth factor receptor 2 (HER2) protein has been one of the

most extensively studied and targeted markers in oncology in the last 30 years. The

identification of the HER2 receptor and the development of antibodies to target it

such as trastuzumab, pertuzumab and others, are among the most successful

advances in the treatment of breast cancer in the past 50 years. The research

community learned that HER2 signalling through its membrane-bound tyrosine

kinase domain results in downstream activation of a cascade of events leading to

angiogenesis, cellular invasiveness, proliferation and survival proficiency. It is well

known that about 20 percent of breast cancers will have marked overexpression of

the HER2 receptor and will benefit from HER2 targeting agents. It is generally

accepted that most of the other 80% of breast cancers will express HER2, but at

lower levels. There remains debate about the potential role of the HER2 protein and

HER2 targeting in lower expressing breast cancers. Nevertheless, as a target for

either passive or active immunotherapy, HER2 has been immunogenic due to

antigens such as HER2369-377 (also known as the E75 peptide) that are easily

recognized by T cells and dendritic cells.

The currently available agents approved for HER2-overexpressing breast cancer

include: trastuzumab, ado-trastuzumab, pertuzumab, lapatinib, neratinib, most

recently trastuzumab deruxtecan, and five trastuzumab biosimilars (as of 1/2020).

Additionally, the novel HER2 targeted monoclonal antibody, margetuximab, and

a small molecule inhibitor, tucatinib, are currently being reviewed by the US FDA

for possible approvals. While some of those drugs have been tested in HER2-low
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settings and non-breast settings, none have been approved

to date for an indication outside of HER2-high or HER2

over-expressed cancer. Likewise, vaccine strategies have

tested peptides, whole cell vaccines, dendritic cell vac-

cines, DNA vaccines and multipeptide vaccine in both

HER2-high and HER2-low settings. The present review

will examine the activity, development, efficacy and safety

of the E75 peptide (also known as Nelipepimut-S when

combined with GMCSF) as a peptide vaccine for breast

cancer. Nelipepimut-S is currently in Phase III clinical

development (NCT01479244) and has strong evidence of

immunologic activity, though there is mixed evidence to

date of clinical activity against early stage HER2-

overexpressed breast cancer and there is little clinical

activity reported against advanced metastatic disease.

There is emerging data on Nelipepimut-S for HER2-low

and triple negative breast cancer that will be reviewed.1

Methods: Literature Search,
Inclusion and Exclusion Criteria
We performed a systematic search of peer-reviewed literature

databases from 11/1/2019 to 12/9/2019. This review was

limited to manuscripts, abstracts and chapters available in

the English language and catalogued in Pubmed, Web of

Science, Scopus and proceedings of national meetings includ-

ing: ASCO, SITC, SABCS, ESMO (American Society of

Clinical Oncology, Society for ImmunoTherapy of Cancer,

San Antonio Breast Cancer Symposium, and European

Society of Medical Oncology). We searched for keywords

including: “HER2 peptide” “E75 peptide”, “Nelipepimut-S”,

“Neu-vax”, “breast cancer”. We excluded trials examining

cancers other than breast cancer and other related peptides

outside the studied amino acid sequence from HER2369-377.

Multipeptide vaccine studies were included for completeness.

Background of Nelipepimut-S
The aim of a cancer vaccine is to stimulate a cancer patient’s

immune system to recognize tumor associated antigens via

active immunotherapy. Successful active immunotherapy

results in T cell recognition and killing of cells expressing

the antigen of interest. Ideally, successful T cell mediated

tumor killing should lead to epitope spreading to increase

the repertoire of T cells for cytolysis, and lead to long term

T cell memory. Several peptide vaccines have been investi-

gated for these purposes, and a peptide sequence that is

successful to date is the E75 HER2 peptide vaccine, other-

wise known as Nelipepimut-S.2 This vaccine has several

published clinical and preclinical reports and has been

studied in a registrational phase III study.3 Nelipepimut-S,

or the E75 vaccine, is a 9 amino acid sequence from the

extracellular domain of the HER2 receptor (residues

369–377 of HER2neu: KIFGSLAFL4). This 9 amino acid

sequence has long been known to be the immunologically

dominant epitope of the protein and is presented both by

HLA-A2 and HLA-A3 (HLA restricted).2,5,6 These two

alleles represent a majority of patients with breast cancer.

HER2 is of course a self-antigen, but overexpression is

largely limited to breast cancers (and occasionally lung,

gastric and colon cancers). Surprisingly, there does not

appear to be negative thymic selection of HER2369-377
specific T cells as shown by several groups.7–10 Thus the

E75 antigen from HER2 is a reasonable target for a variety

of immunotherapies.

During in vitro preclinical development, the E75 peptide

was recognized by CD8+ T lymphocytes. Subsequently, it was

demonstrated that E75-stimulated cytotoxic T lymphocytes

were capable of lysis of HER2-expressing cancer cell

lines.4,10,11 The specificity of pulsed T cells for HER2 expres-

sing cells was replicated in mouse models of cancer.8,12

Additionally, it was found by multiple groups that lympho-

cytes in circulation occasionally harbor pre-existing responses

against the E75, 9 amino acid sequence HER2neu369-377 used

in the subsequent development of Nelipepimut-S.6,11-13

Likewise, dendritic cells from normal donor blood sources

have been shown to be able to present the E75 peptide and

to generate E75-specific T cells.14

Clinical Trials with the E75 Peptide
The earliest Phase I pilot study of the E75 peptide in

humans also incorporated a MUC1 peptide (M1.2) in an

autologous dendritic cell vaccine in breast and ovarian

cancer.14 Among 10 patients, CD8 responses to E75 and

M1.2 were observed (via intracellular interferon assay and

chromium release assays) in 5 patients. The authors also

reported evidence of epitope spreading in two patients

after repeat vaccination.

A study by Zaks and Rosenberg (Table 1) examined

the activity of the single E75 peptide formulated with

incomplete Freund’s adjuvant in various solid tumors,

including breast cancer. CD8 responses were again

observed in human leukocyte antigen (HLA) -A2 and

HLA-A3 patients, but anergy rather than memory was

the long term outcome,15 possibly due to overstimulation

related to incomplete Freund’s adjuvant.
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Subsequently, the E75 peptide was combined with GM-

CSF to attempt to overcome the anergy suspected to be due to

the incomplete Freund’s adjuvant in the prior study. When

combined with GM-CSF, the vaccine is termed Nelipepimut-

S (also previously called Neu-vax). Two phase I studies of 6

and 14 patients respectively with advanced disease were

completed using Nelipepimut-S by intradermal injection,

and safety was observed for up to 1000 micrograms (mcg)

of Nelipepimut-S along with 250mcg of GM-CSF. Immune

response was observed by means of ELIspot and delayed

type hypersensitivity analysis.16,17 Patients received monthly

vaccinations for up to 10 months and no dose limiting toxi-

city was observed.

Given the challenge of developing an immunotherapy in

heavily pre-treated metastatic patients, the Nelipepimut-S

was subsequently tested in early stage, surgically resected

breast cancer patients. Testing in early stage disease was

expected to be safe given the excellent safety profile

observed in the metastatic setting. Thus, a paired set of

trials (NCT00841399, NCT00584789) were performed for

stage II or stage III, HER2-expressing breast cancer as

defined as any immunohistochemical (IHC) staining from

1+ to 3+. The sister clinical trials (phase II) were performed

in the United States and have since been published.7,18,19 In

the studies, all patients were clinically disease-free and were

permitted to use concomitant endocrine therapies as well as

prior Trastuzumab therapy. The dose and schedule were

optimized in these early adjuvant trials. Ultimately, 195

patients were enrolled and followed for 60 months.18,19

There were 100 patients vaccinated and 95 control patients.

In the primary analysis, with a median 20 months follow-up

after vaccination, the recurrence rates were 5.6% vs 14.2%

in vaccinated vs unvaccinated participants (p=0.04).20 Thus

the studies met their primary endpoint. However, for sec-

ondary analysis it was found that the short-term recurrence

difference observed at 20 months did not persist at any of

the later analyses. For example, there was no difference in

recurrence at the 26month analysis (p=0.15) nor at 60

months (p=0.08). There was no difference in overall survi-

val (OS) with p value=0.1. The authors suggested that

waning immunity due to lack of boosting contributed to

the lack of long term benefit of the vaccine strategy.20

Interestingly, there was a higher rate of visceral metastases

in the vaccine-treated patients when they recurred. The

toxicities of this vaccine strategy included flu-like symp-

toms, fatigue, and bone pain. Less than 2% of patients

experienced any high grade toxicity (highest grade=3).

The study concluded that an optimal dose would be

1000mcg and that a potential phase III trial should be

performed.

Table 1 Ongoing or Completed Vaccine Trials with the HER2369-377 Peptide and Associated Adjuvants Used and Systemic Therapies

Combined with the Peptide

Trial

Number

Patients Vaccine

Antigen(s)

Adjuvant Systemic

Therapy

Ref Number of

participants

First

Author

NCT02636582 DCIS E75 GM-CSF None [23] 13 Mittendorf

NCT02297698 HER2+ breast cancer E75 vs GM-

CSF

GM-CSF Trastuzumab [22] 100 Peace

NCT01479244 Breast cancer with low-

intermediate HER2

E75 vs

placebo

GM-CSF None [3] 758 Mittendorf

NCT00841399 Breast cancer E75 GM-CSF None [18–20] 100 Mittendorf

NCT00854789 Breast cancer E75 GM-CSF None [17–19] 95 Mittendorf

NCT01570036 Breast cancer E75 GM-CSF Trastuzumab [1] 275 Clifton

NCT00266110 Breast cancer E75 Dendritic

cells

Trastuzumab +

vinorelbine

[26] 17 Serody

Zaks ‘98 Breast, ovarian, and

colorectal cancer

E75 Incomplete

Freund’s

None [15] 4 Zaks

Knutson ‘02 Breast/ovarian Cancer E75 GM-CSF None [16] 6 Knutson

Murray ‘02 Breast/ovarian Cancer E75 GM-CSF None [17] 14 Murray
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In the sister Phase II trials, boosting was explored and

a suggestion of benefit was observed with boosting once

every 6months. Exploratory analysis also showed that the low-

grade breast cancers seemed to derive greater benefit from

Nelipepimut-S vaccination than higher grade breast cancers.

In a late followup report, there was only one recurrence

observed in the 21 participants with optimal dosing of booster

vaccines.18

Following completion of the phase II studies, a phase III

study of Nelipepimut-S as a single agent, was designed and

given the acronym, PRESENT. The PRESENT study

(NCT01479244) fully accrued across 197 research sites by

Galena Biopharma Inc. PRESENTwas a registrational study

of 758 patients with early stage, node positive breast cancer

with low to intermediate HER2 expression with a primary

endpoint of 3 year disease free survival (DFS). Patients

received either Nelipepimut-S with GM-CSF or GM-CSF

alone over the course of six intradermal injections followed

by boosting every 6 months for 3 years.3 The interim analysis

was published in 2019 and demonstrated no overall differ-

ence in disease free survival (DFS) between arms at 16

months follow-up. There was a numerically higher number

of imaging-detected recurrences in the Nelipepimut-S vacci-

nated patients (54.1%) compared to placebo (29.2%).3 The

phase III PRESENT study was discontinued due to futility in

2016, based on that interim analysis and the data monitoring

committee recommendation. No new safety signals were

reported, and no cardiac signals were seen. The protocol

design required empiric cross-sectional body imaging yearly

in all patients. This imaging requirement was a deviation

from the existing standard of care (which would be for no

cross sectional imaging unless symptoms arise). The required

cross sectional imaging may have impacted on the early

termination of the study. The control arm had a recurrence

rate comparable to rates seen in contemporary trials in early

stage patients. There is some speculation about whether

pseudoprogression findings might have been observed in

the radiographic recurrences, but biopsy confirmation was

not undertaken, so no conclusion can be drawn. Given

a negative phase III result in PRESENT, there is unclear

future for the development of Nelipepimut-S in the node

positive, HER2-low, adjuvant breast cancer population.

Combination Clinical Trials with
Nelipepimut-S
Given the challenge and phase III disappointment of

developing Nelipepimut-S as a stand-alone therapy, it is

now also being examined in combinatorial studies.

Preclinical data had suggested that trastuzumab could

increase cross presentation of the E75 epitope and more

efficient expansion of specific CD8+ T cells. The first

phase IIb combination trial of E75 and trastuzumab

(NCT01570036) enrolled 275 patients with HER2 low

(IHC 1+ or 2+) breast cancer in the United States and

combined Nelipepimut-S with trastuzumab.1 The patients

received either Nelipepimut-S with trastuzumab or trastu-

zumab/GM-CSF. The study design was based on the

observation, during the early phase Nelipepimut-S studies,

that 12 patients were concurrently exposed to trastuzumab

as a standard of care and none of those 12 patients experi-

enced recurrent breast cancer.21 In this newer phase IIb

combinatorial study of Nelipepimut-S with trastuzumab,

overall, there was no statistically significant difference in

DFS (p=0.18), although there was a benefit seen in the

subgroup of patients deemed to be triple negative. In this

subset of 97 patients, the DFS for Nelipepimut-S plus

trastuzumab was 92.6% compared with 71.9% for the

trastuzumab/GM-CSF group (HR= 0.26, p=0.01).1 This

encouraging subset finding has reportedly led to the design

of an upcoming clinical trial in the triple-negative early

stage setting.

Nelipepimut-S with Trastuzumab in
HER2 IHC3+ Breast Cancer
In a recently completed randomized phase II trial

(NCT02297698), 100 patients with traditionally-defined

HER2 overexpression (IHC 3+) and otherwise high risk,

non-metastatic breast cancer were enrolled to 1 to 1 ran-

domized study of trastuzumab ± Nelipepimut-S and fol-

lowed for DFS. This study completed accrual in 2017, and

interim results demonstrated that Nelipepimut-S was well

tolerated, and no significant difference in side effect profile

nor cardiac ejection fraction was observed between the

two arms of the study.22 Clinical results have not been

released to date.

Trial of Nelipepimut-S in DCIS of
the Breast
A phase II study (NCT02636582) termed the VADIS study

is assessing Nelipepimut-S against GM-CSF for ductal

carcinoma in situ (DCIS) in the neo-adjuvant window of

opportunity design.23 The premise for this is supported by

work published by Lowenfeld et al.24 In this ongoing

VADIS study, Nelipepimut-S or GM-CSF is given as two
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injections prior to definitive breast surgery. The primary

endpoint is circulating immune response at 6 months after

vaccination. Secondary endpoints are toxicity and safety.

The study completed accrual in July 2019, and findings are

still pending.

Other E75 Studies in Breast Cancer
The potential promise of Nelipepimut-S vaccines, but nega-

tive results in the large phase III trial, raise questions of

whether alternate vaccine formulations may induce stronger

and more effective immune responses. A recently published

study created and tested a liposomal formulation of the

vaccine by attaching the E75 peptide to the surface of dis-

tearoyl phosphocholine and distearoyl phophoglycerol of

nano-liposomes for vaccination.25 ELISpot analysis and

flow cytometry demonstrated significantly enhanced antitu-

mor responses as well as tumor inhibition and prolonged

survival time in the mouse TUBO model, which is a cell

line that overexpresses the rHER/neu protein. Thus, this

approach offers promise for translation to human clinical

trials. There is also an ongoing autologous dendritic cell

vaccine of the E75 peptide in combination with vinorelbine

and trastuzumab in human cancer patients at the University

of North Carolina (NCT00266110).26 Finally, a series of four

clinical trials performed at the University of Virginia incor-

porated the E75 peptide into multipeptide vaccines for breast

and ovarian cancer, and using either polyICLC or incomplete

Freund’s adjuvant, rather than GM-CSF (NCT00892567,

NCT00304096, NCT01532960, NCT00091273). Immune

responses were detected, but clinical activity was not

observed.27,28

Discussion
The Nelipepimut-S vaccine alone demonstrates immune

activity in patients expressing HLA-A2 or HLA-A3. As

detailed above, the use of the Nelipepimut-S vaccine in

adjuvant breast cancer settings has not led to clinically

meaningful improvements in overall survival or disease

free survival in a large randomized trial to date.

Nevertheless, there are hints that this particular vaccine

may hold potential clinical value in selected settings. For

example, a meta-analysis of the 5 human clinical trials that

involved randomization was performed in an effort to com-

bine data from the smaller trials. In a published meta-

analysis, the delayed hypersensitivity (DTH) responses and

DFS combined data across trials suggested significant ben-

efits to vaccination over control (p<0.05 and p=0.001

respectively). The combined data for OS and recurrence

were suggested to also have relevance (p=0.863 and p=-

0.388).29 The conclusions of the meta-analysis do notably

differ from some of the individual trials and obviously the

patient populations had major differences, thus rendering the

impact of a meta-analysis unclear. Despite the criticisms of

aggregation of data in the meta-analysis, it does suggest that

in appropriate settings that the Nelipepimut-S may have

clinical benefits for some patients without untoward toxicity.

Raw data from the large 750 patient randomized phase III

PRESENT trial, which was stopped for futility, was not

available for analysis in that meta-analysis.

Thus, vaccine researchers in breast cancer are left won-

dering which direction to focus limited resources on.

Clearly there is immunogenicity when vaccinating with

the E75 peptide, and it tends to demonstrate synergy with

passive antibody-based immunotherapy (ie, trastuzumab

combinations). It is also intriguing that the triple negative

early stage breast cancer population may have the greatest

relative benefit after Nelipepimut-S vaccination. To date,

there has been little traction in developing combinatorial

strategies with checkpoint inhibitors or with myeloid sup-

pressing immunotherapy strategies. With checkpoint inhi-

bitors approved in the metastatic triple negative setting and

expected in the triple negative adjuvant setting, it is unclear

what role peptide vaccination strategies may be able to play

in the future triple negative treatment landscape.

Some remaining concerns for the E75 HER2 peptide

development include the criticism that the peptide is

HLA restricted and thus not available universally to all

patients. Also there is an unresolved question about how

to address waning immunity and the need for long-term

boosting strategies. Finally, the question about how best

to select patients, especially in light of major immune

system modulation that occurs during and immediately

following adjuvant chemotherapy. It remains unknown

whether the rebounding immune system in the 6 months

following cytotoxic chemotherapy presents a stimulatory

or suppressive environment for peptide vaccine generally

and specifically for this Nelipepimut-S vaccine.

Likewise, since HER2 targeting antibodies also impact

on the immune recognition of antigens from HER2, it is

further unclear whether early adjuvant vaccination at the

time of adjuvant HER2 antibodies or following the

course of HER2 maintenance antibodies will be optimal.

Conclusion
Nelipepimut-S demonstrated immune activity against HER2

positive breast cancer and suggestion of activity against triple
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negative breast cancer. Its development in the adjuvant

HER2 low to intermediate population might be unlikely to

continue based on the negative phase III PRESENT trial.

Nevertheless, several important studies are yet to be per-

formed for the Nelipepimut-S and related E75 vaccines,

such as combinatorial studies, novel adjuvant studies, boost-

ing strategies, and biomarker driven studies. Recently there is

rising interest in vaccine therapy for breast cancer, so this or

related vaccine strategies are likely to continue to be

explored. Optimal patient selection and monitoring may aid

in future development of this cancer therapy.
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