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Introduction

Since its discovery over 30 years ago, human epidermal growth 

factor receptor 2 (HER2) has been one of the most studied onco-

genes in cancer [1, 2]. It is a membrane-bound tyrosine kinase that 

is overexpressed in approximately 20% of breast cancers [3]. HER2 

activation in these tumors creates a cascade of downstream signal-

ing that drives proliferation, angiogenesis, invasion, and survival 

[4, 5]. Left untreated, HER2-positive tumors are highly aggressive. 

Fortunately, the development of HER2-targeted therapy has im-

proved the prognosis for patients with HER2-positive breast can-

cer. Trastuzumab, a fully humanized immunoglobulin G1 (IgG1) 

monoclonal antibody that targets HER2, has improved the progno-

sis in HER2-positive breast cancer in both early and advanced dis-

ease [6, 7]. A second monoclonal antibody, pertuzumab, which 

blocks HER2 signaling by binding at a different site from trastu-

zumab, has been shown to improve survival when used concur-

rently with trastuzumab and docetaxel in HER2-positive metastatic 

breast cancer [8]. The addition of pertuzumab to trastuzumab and 

docetaxel administered in the neoadjuvant setting resulted in in-

creased rates of pathologic complete response [9].

The monoclonal antibodies trastuzumab and pertuzumab are 

forms of passive immunotherapy. In addition to targeting HER2 

with these antibodies, there has been significant interest in investi-

gating HER2 as a target for active immunotherapy, specifically, 

vaccines. Cancer vaccines aim to stimulate an individual’s immune 

system to recognize tumor-associated antigens (TAAs) that are 

unique to or overexpressed in cancer cells. Stimulated T cells can 

then recognize and attack tumor cells, resulting in tumor cell de-

struction which exposes the immune effector cells to additional 

TAAs unique to that tumor, leading to a broader antitumor im-

mune response [10]. Cancer vaccines are an appealing therapeutic 

strategy because they are specific with minimal toxicity. HER2-
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Summary
E75 is an immunogenic peptide derived from the human 
epidermal growth factor receptor 2 (HER2) protein. A 
large amount of preclinical work evaluated the immuno-
genicity of E75, after which phase I trials investigated 
using E75 mixed with an immunoadjuvant as a vaccine. 
Those studies showed the vaccine to be safe and capa-
ble of stimulating an antigen-specific immune response. 
Subsequent to that, our group conducted trials evaluat-
ing E75 + granulocyte macrophage colony-stimulating 
factor (GM-CSF) in the adjuvant setting. The studies en-
rolled node-positive and high-risk node-negative breast 
cancer patients, with the goal being to determine if vac-
cination could decrease the recurrence risk. The studies 
included 187 evaluable patients: 108 vaccinated ones 
and 79 controls. The 5-year disease-free survival for the 
vaccinated patients was 89.7% compared to 80.2% for 
the control patients, a 48% reduction in relative risk of 
recurrence. Based on these data, E75 + GM-CSF, now 
known as NeuVaxTM, is being evaluated in a phase III 
trial. In this article, we review preclinical data and results 
of the early-phase trials and provide an update on the 
ongoing phase III study. We also present additional strat-
egies for employing the vaccine to be included as a com-
ponent of combination immunotherapy as well as in the 
setting of ductal carcinoma in situ as an initial step to-
wards primary prevention.
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targeted cancer vaccination strategies have included single- and 

multiple-peptide vaccines, dendritic cell vaccines, and, more re-

cently, a modified whole-tumor cell vaccine [11–14]. The vaccine 

that is furthest along in development is NeuVaxTM, which is a 

major histocompatibility complex (MHC) class I vaccine that con-

sists of the HER2-derived peptide E75 (nelipepimut-S) combined 

with the immunoadjuvant granulocyte macrophage colony-stimu-

lating factor (GM-CSF). NeuVaxTM is currently being evaluated in 

a phase III registration trial.

This review will focus on the clinical development of NeuVaxTM, 

highlighting the early clinical trials, updating the current status of 

ongoing studies, and discussing promising future directions.

Peptide-Based Breast Cancer Vaccines

Preclinical Evaluation of E75

E75 (HER2/neu 369–377: KIFGSLAFL) is a 9-amino acid pep-

tide derived from the extracellular domain of the HER2 protein. It 

was identified as the immunodominant HER2 epitope due to pre-

dicted binding to human leukocyte antigen (HLA)-A2. Several 

studies confirmed that E75 stably binds to HLA-A2 and can stimu-

late T cells in vitro to lyse HER2-expressing cancer cells [15–17]. In 

vivo experiments confirmed that E75-pulsed cytotoxic T lympho-

cytes (CTL) were able to lyse HER2-expressing colon carcinoma 

and renal cell carcinoma cells in murine models [18, 19]. Further-

more, dendritic cells derived from healthy HLA-A2+ volunteers 

stimulated with E75 were shown to be capable of priming autolo-

gous peripheral blood mononuclear cells (PBMCs) to generate 

measurable E75-specific T cells [11, 20]. Additional preclinical 

work identified innate immune responses against E75 in tumor-

associated lymphocytes and circulating lymphocytes in patients 

with a variety of tumor types [17, 19, 21–24]. Based on these pre-

clinical data, there was significant interest in investigating E75 as a 

cancer vaccine.

E75 for Advanced Disease

One early trial evaluating the E75 peptide for its ability to stim-

ulate an antitumor immune response involved a dendritic cell vac-

cine formulation. The trial enrolled 6 patients with metastatic 

breast and ovarian cancer and treated them with autologous den-

dritic cells pulsed with E75 as well as GP2, a second HER2-derived 

immunogenic epitope. Vaccination produced a lytic CTL response, 

particularly to E75, and epitope spreading, providing evidence of a 

broader immunologic response to other TAAs not included in the 

vaccine formulation [11].

Other early studies evaluating E75 as a cancer vaccine investi-

gated a simpler approach combining the peptide with incomplete 

Freund’s adjuvant. These trials enrolled patients with metastatic 

breast, ovarian, and colorectal cancer. While vaccinated patients 

expanded their levels of circulating E75-specific CTLs, further test-

ing showed that these cells displayed an anergic phenotype [24]. 

Subsequent studies have raised the possibility that incomplete Fre-

und’s adjuvant may cause CTL overstimulation, which could have 

contributed to these results [25].

E75 combined with GM-CSF as an alternative immunoadjuvant 

was also evaluated in a small trial that enrolled 6 women with ad-

vanced breast and ovarian cancer. Inoculations were administered 

as 6-monthly intradermal injections of 500 μg E75 with 125 μg GM-

CSF. An immunologic response, defined as the induction of HER2 

peptide-specific interferon-gamma (IFN-γ)-producing CD8+ T 

cells, was detected in 2 of 4 evaluable patients; however, the re-

sponses were of low magnitude and were short lived, i.e. no longer 

detectable 5 months after completing vaccination [26]. E75 + GM-

CSF was tested in a second phase I dose escalation study in 14 pa-

tients with pretreated metastatic breast (n = 13) or ovarian (n = 1) 

cancer. Patients received 100, 500, or 1000 μg E75 with 250 μg GM-

CSF immunoadjuvant, administered by intradermal injection 

weekly for 4 weeks, followed by monthly inoculations for a total of 

10 inoculations. The inoculations were well tolerated without dose-

limiting toxicity. The majority of vaccinated patients demonstrated 

an in vivo immunologic response, as measured using a delayed-type 

hypersensitivity reaction and an in vitro immune response deter-

mined by the enumeration of IFN-γ-producing CD8+ T cells in pe-

ripheral blood samples. Clinical outcomes were not reported [27].

E75 for Secondary Prevention

While these initial clinical trials evaluating E75 vaccines showed 

favorable safety and immunologic results, clinical responses to vac-

cination were either not reported or not seen in these heavily pre-

treated metastatic patients. This is consistent with a report from 

the National Cancer Institute detailing their early experience with 

inoculating patients with metastatic melanoma or metastatic ovar-

ian cancer with single-epitope vaccines. In a series of studies that 

enrolled approximately 380 patients in total, the reported objective 

response rate was approximately 3% [28]. There is now a robust 

body of literature showing that the metastatic microenvironment is 

immunosuppressive, providing a possible rationale for the lack of 

efficacy for peptide vaccines in that setting. Given this, subsequent 

development of the E75 peptide vaccine focused on secondary pre-

vention, i.e. immunizing patients in the adjuvant setting, with the 

goal being to prevent disease recurrence.

Phase I/II Trials
Our group subsequently initiated 2 early-phase clinical trials 

evaluating the safety and efficacy of E75 + GM-CSF administered in 

the adjuvant setting. The first study, which enrolled node-positive 

breast cancer patients, was designed as a standard dose escalation 

study. A second trial, which was conducted as a dose and schedule 

optimization study, enrolled high-risk node-negative patients. In 

both trials, patients with tumors expressing any degree of HER2 (1+ 

to 3+ by immunohistochemistry (IHC)) could participate. All pa-

tients were disease free at the time of enrollment, having completed 



Clifton/Gall/Peoples/MittendorfBreast Care 2016;11:116–121118

standard-of-care therapy including surgery, chemotherapy, and, 

when indicated, radiation. Patients on endocrine therapy continued 

on that treatment. Upon enrollment, patients had their HLA-A2 

status determined and those who were HLA-A2+ were vaccinated 

while HLA-A2– patients were followed prospectively as controls. 

Patients were given escalating doses of E75 with GM-CSF immuno-

adjuvant monthly for 4 or 6 months. The vaccine series was well 

tolerated at all dose levels, with minimal toxicity [29]. Both trials 

showed that the vaccine can stimulate an antigen-specific immune 

response, and there was encouraging efficacy data; therefore, the 

studies were transitioned into phase II trials.

The trials ultimately enrolled 195 patients (100 node-positive, 

95 node-negative patients) who were followed for 60 months, with 

the primary endpoint of disease-free survival (DFS). At the time of 

study completion, there were 187 evaluable patients: 108 patients 

who were vaccinated and 79 followed as unvaccinated controls. 

The vaccine and control groups were well matched for demo-

graphic and prognostic features, with the exception that the vacci-

nated group had a higher percentage of hormone receptor-negative 

patients [14]. Because hormone receptor-negative patients are not 

administered endocrine therapy, which we know decreases the risk 

of recurrence, it has been suggested that this actually may have bi-

ased against the vaccine. This larger trial confirmed that the vac-

cine is well tolerated, with generally mild toxicities. Local toxicities, 

most commonly injection site erythema and pruritus, were all of 

grade 1 (83.3%) and grade 2 (16.7%). Systemic toxicities, most 

commonly bone pain, influenza-like symptoms, and fatigue, were 

mild. Only 1.9% experienced grade 3 toxicities, and no grade 4 or 5 

toxicities were observed. The 5-year DFS for vaccinated patients 

was 89.7% compared to 80.2% for control patients (p = 0.08), giv-

ing the vaccine a 48% reduction in relative risk of recurrence [14].

During the conduct of the trials, several modifications were 

made to the protocols, based on new data that became available 

both from planned interim analyses and from additional preclini-

cal work. First, the optimal biologic dose was determined to be the 

maximal dose administered (1000 μg E75 with 250 μg GM-CSF). 

Higher doses of peptide could not be solubilized for intradermal 

administration. Patients at this dosing level had similar toxicity 

profiles with improved immunologic response to vaccination when 

compared to patients receiving a lower dose of the vaccine [30]. 

Additionally, based on preclinical data suggesting that E75 can 

bind to HLA-A3 and that HLA-A3+ cancer patients have high 

rates of immunity to E75, HLA-A3+ patients were enrolled. The 

inclusion of HLA-A3+ patients expanded the percentage of eligible 

patients to 60–75% of the population [23]. In total, 13 HLA-A3+ 

patients were included in the vaccine group while HLA-A2/A3– 

patients continued to be followed as controls. The vaccinated 

HLA-A3+ patients experienced similar toxicities to HLA-A2+ pa-

tients and developed comparable immunologic responses, as as-

sessed by delayed-type hypersensitivity reactions. HLA-A3+ pa-

tients also had a similar 5-year DFS (92.3%) as HLA-A2+ vacci-

nated patients [31]. Finally, with longer follow-up, recurrences 

were noted several years after completion of the vaccine series, cor-

responding with waning immunity in some patients. A program of 

voluntary booster inoculations every 6 months after completion of 

the primary vaccine series was therefore initiated. The booster in-

oculations were well tolerated and effective in maintaining immu-

nity [30].

Predefined subgroups that benefited most from vaccination in-

cluded the 37 patients who received the optimal biologic dose (5-

year DFS 94.6%, p = 0.05 compared to DFS = 80.2% in unvacci-

nated controls), and the 21 patients who received boosted inocula-

tions starting 6 months after completing the primary vaccine series 

(5-year DFS 95.2%, p = 0.11) [14]. These findings suggest that 

using the optimal dose of vaccine to promote greater E75 immu-

nity over a longer period may lead to greater clinical benefit. An-

other subgroup that derived greater benefit from vaccination com-

prised those patients with low-grade (grade 1 or 2) breast cancer. 

The 5-year DFS rate was 96.7% (59/61) in low-grade vaccinated 

patients, compared with 80.9% in low-grade control patients, a 

relative risk reduction of 84% (p = 0.01) [32]. This finding provides 

evidence that active immunotherapy may be most effective in less 

aggressive cancer subtypes [33].

An important aspect of this trial is that it enrolled patients with 

any level of HER2 expression (IHC 1+, 2+, and 3+). Interestingly, 

patients with low-HER2-expressing tumors (IHC 1+ or 2+) had the 

most robust immune responses [34]. They also appeared to derive 

benefit from vaccination, with an 88.1% 5-year DFS in vaccinated 

patients compared to 77.5% in well-matched controls (p = 0.16), a 

relative risk reduction of 48% [14].

Phase III Trial
Based on the encouraging early-phase trial data, E75 + GM-CSF 

is currently being evaluated in a phase III registration trial. The 

PRESENT trial (NCT01479244), which completed accrual in April 

2015, enrolled HLA-A2+/A3+, node-positive, HER2 IHC 1+, 2+ 

breast cancer patients who were clinically disease free after comple-

tion of standard therapy. Patients have been randomized to receive 

the E75 + GM-CSF combination or GM-CSF alone. All patients 

will receive a 6-inoculation primary series followed by booster in-

oculations every 6 months through 3 years. The trial’s primary 

endpoint is 3-year DFS.

Combination Immunotherapy: Trastuzumab + Vaccine

Preclinical data has indicated that there may be synergistic ac-

tivity if passive immunotherapy (monoclonal antibodies) is com-

bined with active immunotherapy (cancer vaccination). Jaffee and 

colleagues conducted a series of laboratory studies using a HER2/

neu-transgenic mouse model where they showed that both cellular 

and humoral anti-neu immune responses are necessary to elimi-

nate HER2/neu-expressing tumors [35–37]. Park et al. [38] con-

firmed in a murine model that anti-HER2 antibody-induced tumor 

regression is T cell dependent. Additionally, because trastuzumab 

is an IgG antibody with a conserved Fc portion, antibody-depend-

ent cellular cytotoxicity mediated by natural killer cells is a known 

mechanism of action. Antibody-dependent cellular cytotoxicity 



E75 Vaccine Development Breast Care 2016;11:116–121 119

causes tumor cell lysis with subsequent release of antibody-coated 

tumor antigens, which are taken up by dendritic cells and pre-

sented on MHC class I molecules by a process known as cross-

presentation. Trastuzumab therefore effectively turns the tumor 

into a vaccine [39].

Additional clinical evidence suggests potential synergy between 

trastuzumab and a CD8+ T cell-eliciting vaccine. In a small study 

of metastatic HER2-positive breast cancer patients receiving tras-

tuzumab, Taylor et al. [40] showed the generation of HER2-specific 

CD4+ T cell responses as well as anti-HER2 antibody responses 

that increased significantly during therapy and were associated 

with improved clinical response. In a study that included patients 

treated on the trastuzumab arm of the North Central Cancer Treat-

ment Group 9831 adjuvant therapy trial, Knutson et al. [41] 

showed HER2-specific antibody responses that again correlated 

with survival outcomes.

Potential synergy between trastuzumab and a CD8+ T cell-elic-

iting vaccine is further supported by observations from our early-

stage E75 trials. While those trials were initiated before trastu-

zumab became standard-of-care therapy in the adjuvant setting, 

during the course of the study, data demonstrating benefit of tras-

tuzumab in these patients was published and practice changed. 

Therefore, 12 HER2 IHC 3+ patients enrolled in the study received 

trastuzumab as part of their standard-of-care therapy, which was 

then followed by vaccination. After 5 years of follow-up, there were 

no recurrences in any of these patients [42]. Our group has also 

conducted phase I and II clinical trials evaluating GP2, a second 

MHC class I peptide derived from the HER2 protein that stimu-

lates a CD8+ T cell response [43, 44]. In a per-treatment analysis of 

the randomized phase II trial comparing GP2 + GM-CSF-vacci-

nated patients to control patients inoculated with GM-CSF alone, 

HER2-overexpressing patients vaccinated after receiving trastu-

zumab (n = 48) had a 100% DFS compared to 89% DFS in similar 

control patients (n = 50) (p = 0.08) at a median follow-up of 34 

months [44]. Based on these results, our group has begun investi-

gating combination immunotherapy strategies administering the 

vaccine and trastuzumab concurrently. In a phase I study, we have 

shown the combination to be safe without cardiac toxicity in a 

phase I trial [45]. This is consistent with a study from Disis et al. 

[46] demonstrating that concurrent treatment with trastuzumab 

and a vaccine designed to elicit a HER2-specific helper T cell re-

sponse was safe in patients with metastatic HER2-positive breast 

cancer.

Having demonstrated the safety of administering an MHC class 

I, CD8+ T cell-eliciting vaccine in combination with trastuzumab, 

we are currently evaluating this strategy in 2 phase II adjuvant 

 therapy trials. One of these studies (NCT02297698) is enrolling high-

risk HER2+ breast cancer patients and randomizing them to tras-

tuzumab alone, which is standard of care, or trastuzumab plus the 

E75 + GM-CSF vaccine. For this study, ‘high risk’ is defined as pa-

tients with HER2+ breast cancer who receive neoadjuvant therapy 

including HER2-targeted therapy and who do not achieve a com-

plete response, or, for those undergoing surgery as an initial inter-

vention, those with nodal disease (any nodal disease for hormone 

receptor-negative tumors,  4 positive lymph nodes for patients 

with hormone receptor-positive tumors). The second study 

(NCT01570036) is enrolling patients with HER2 IHC 1+ or 2+ tu-

mors, a group that does not receive HER2-targeted therapy as part 

of their standard treatment, and randomizing to trastuzumab ver-

sus trastuzumab plus the E75 + GM-CSF vaccine.

E75 for Primary Prevention
The studies discussed above have been designed to determine 

the efficacy of the E75 + GM-CSF vaccine for secondary preven-

tion, i.e. prevention of disease recurrence in those patients already 

diagnosed and treated. There is significant interest in further inves-

tigating cancer vaccines for primary prevention, a concept some 

have referred to as immunoprevention. It is accepted that the im-

mune system, specifically tumor antigen-specific T cells, can elimi-

nate nascent tumor cells through a process referred to as immuno-

surveillance. Tumor cells that escape detection and elimination 

become clinical disease [47]. Escape can be facilitated by many pro-

cesses including the loss of MHC class I expression and T cell an-

ergy, expression of T cell-inhibitory receptors, and immunosup-

pressive mechanisms within the tumor microenvironment includ-

ing regulatory T cells and myeloid-derived suppressor cells [48–

54]. Given this, it has been hypothesized that strengthening the 

immunosurveillance by vaccination prior to cancer occurrence 

would favor cancer elimination [48–54]. This model is comparable 

to that used for infectious disease. In fact, for tumors that are 

largely virally induced, such as cervical cancer caused by human 

papillomavirus infection and hepatocellular carcinoma caused by 

hepatitis B infection, there are Food and Drug Administration-ap-

proved vaccines that could potentially guard against the develop-

ment of these cancers.

The majority of cancers are not virally induced. For those ma-

lignancies, vaccines against antigens on tumor cells targeted by the 

immune system should be developed. A strategy outlined by Oli-

vera Finn is to initially evaluate prophylactic vaccines to boost or 

prime the immune response targeting premalignant lesions, to pre-

vent recurrence or progression to cancer. As an example, her group 

has completed a trial in which patients with a recent diagnosis and 

removal of advanced colonic adenomas were inoculated with a vac-

cine containing the mucin-1 (MUC1) tumor antigen [55]. In that 

study, vaccination was successful in inducing immune responses in 

approximately 50% of patients. In breast cancer, ductal carcinoma 

in situ (DCIS) represents a premalignant lesion that could be tar-

geted with vaccination. In a trial reported by Sharma et al. [56], 

patients with DCIS were vaccinated prior to surgical resection of 

their tumor with autologous dendritic cells that were pulsed with a 

combination of peptides, including 6 MHC class II HER2-derived 

peptides and, for HLA-A2-positive patients, E75 and a second 

HER2-derived MHC class I peptide. The study, which enrolled 27 

patients, showed the vaccine to be safe and effective at stimulating 

an E75-specific CTL response. 5 of the patients had no evidence of 

disease in their resected specimen. In 11 of the remaining 22 pa-

tients, HER2 expression was eradicated in the resected specimen 

following vaccination.
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Recognizing the complexity and challenges of a dendritic cell 

vaccine approach, our group has recently designed a study evaluat-

ing the E75 + GM-CSF peptide vaccine in DCIS. The study will 

enroll 48 patients who will be randomized 2: 1 to vaccine or GM-

CSF alone groups. Patients will receive 3 inoculations prior to sur-

gery and then complete the final 3 inoculations of the 6-shot vac-

cination series in the post-operative period. The study’s primary 

objective is to evaluate for E75-specific CTLs in vaccinated patients 

compared to patients receiving GM-CSF alone. There are several 

secondary objectives including evaluation of the extent of HER2 

expression and the degree of lymphocyte infiltration in the surgi-

cally resected specimen. In addition, we will evaluate for epitope 

spreading by looking for the presence of CTLs specific for other 

HER2-derived epitopes as well as other tumor antigens in the pa-

tients’ peripheral blood. Epitope spreading, which would represent 

a broadening of the immune response, is of particular interest as 

we have postulated that this is one reason that a simple strategy 

such as vaccinating with a single epitope may have clinical benefit. 

The trial is scheduled to begin accrual in the spring of 2016.

Conclusion

Because cancer vaccines offer the promise of a very specific 

long-term antitumor immune response, their development contin-

ues to be of great interest. The E75 + GM-CSF vaccine represents a 

simple approach combining an immunogenic peptide with an im-

munoadjuvant that could be administered as an off-the-shelf ther-

apy. It is likely that this vaccine will be most effective in patients 

with minimal disease burden, and an ongoing phase III trial will 

determine its effectiveness when administered in the adjuvant set-

ting to prevent disease recurrence. Ongoing studies will determine 

if the vaccine’s efficacy can be enhanced by combining it with tras-

tuzumab or, alternatively, if the effect of trastuzumab is enhanced 

by the T cell response generated by vaccination. Although not dis-

cussed in this review, one might hypothesize that vaccinating pa-

tients with E75 + GM-CSF prior to administering a checkpoint 

blockade agent, such as an anti-CTLA-4, anti-PD-1 or anti-PD-L1 

antibody (CTLA-4 = cytotoxic T lymphocyte antigen 4, PD-1 = 

programmed cell death protein 1, PD-L1 = programmed death li-

gand 1), may induce the necessary T cell response to make those 

immunotherapeutic agents more effective. Evaluation of such a 

strategy in patients with metastatic disease is warranted. Similarly, 

evaluation of the vaccine in patients with premalignant disease as a 

next step towards a truly preventive vaccine is also warranted.

Disclosure Statement

Dr. Peoples has inventor rights to E75. This vaccine has been licensed for 

commercial development. He is entitled to financial proceeds associated with 

this license per federal policy. Dr. Peoples also consults in the development of 

the vaccine. All remaining authors have declared no conflicts of interest.

References
 1 Slamon DJ, Clark GM, Wong SG, et al.: Human breast 

cancer: correlation of relapse and survival with ampli-

fication of the HER-2/neu oncogene. Science 1987; 235: 

177–182.

 2 Slamon DJ, Godolphin W, Jones LA, et al.: Studies of 

the HER-2/neu proto-oncogene in human breast and 

ovarian cancer. Science 1989; 244: 707–712.

 3 Mitri Z, Constantine T, O’Regan R: The HER2 recep-

tor in breast cancer: pathophysiology, clinical use, and 

new advances in therapy. Chemother Res Pract 2012; 

2012: 743193.

 4 Gutierrez C, Schiff R: HER2: biology, detection, and 

clinical implications. Arch Pathol Lab Med 2011; 135: 

55–62.

 5 Hanahan D, Weinberg RA: The hallmarks of cancer. 

Cell 2000; 100: 57–70.

 6 Cobleigh MA, Vogel CL, Tripathy D, et al.: Multina-

tional study of the efficacy and safety of humanized 

anti-HER2 monoclonal antibody in women who have 

HER2-overexpressing metastatic breast cancer that has 

progressed after chemotherapy for metastatic disease. J 

Clin Oncol 1999; 17: 2639–2648.

 7 Perez EA, Romond EH, Suman VJ, et al.: Trastuzumab 

plus adjuvant chemotherapy for human epidermal 

growth factor receptor 2-positive breast cancer: planned 

joint analysis of overall survival from NSABP B-31 and 

NCCTG N9831. J Clin Oncol 2014; 32: 3744–3752.

 8 Swain SM, Baselga J, Kim SB, et al.: Pertuzumab, tras-

tuzumab, and docetaxel in HER2-positive metastatic 

breast cancer. N Engl J Med 2015; 372: 724–734.

 9 Gianni L, Pienkowski T, Im YH, et al.: Efficacy and 

safety of neoadjuvant pertuzumab and trastuzumab in 

women with locally advanced, inflammatory, or early 

HER2-positive breast cancer (NeoSphere): a ran-

domised multicentre, open-label, phase 2 trial. Lancet 

Oncol 2012; 13: 25–32.

10 Mittendorf EA, Gurney JM, Storrer CE, et al.: Vaccina-

tion with a HER2/neu peptide induces intra- and inter-

antigenic epitope spreading in patients with early stage 

breast cancer. Surgery 2006; 139: 407–418.

11 Brossart P, Wirths S, Stuhler G, et al.: Induction of cy-

totoxic T-lymphocyte responses in vivo after vaccina-

tions with peptide-pulsed dendritic cells. Blood 2000; 

96: 3102–3108.

12 Chen G, Gupta R, Petrik S, et al.: A feasibility study of 

cyclophosphamide, trastuzumab, and an allogeneic 

GM-CSF-secreting breast tumor vaccine for HER2+ 

metastatic breast cancer. Cancer Immunol Res 2014; 2: 

949–961.

13 Disis ML, Gooley TA, Rinn K, et al.: Generation of T-

cell immunity to the HER-2/neu protein after active 

immunization with HER-2/neu peptide-based vac-

cines. J Clin Oncol 2002; 20: 2624–2632.

14 Mittendorf EA, Clifton GT, Holmes JP, et al.: Final re-

port of the phase I/II clinical trial of the E75 (nelipepi-

mut-S) vaccine with booster inoculations to prevent 

disease recurrence in high-risk breast cancer patients. 

Ann Oncol 2014; 25: 1735–1742.

15 Fisk B, Blevins TL, Wharton JT, et al.: Identification of 

an immunodominant peptide of HER-2/neu protoon-

cogene recognized by ovarian tumor-specific cytotoxic 

T lymphocyte lines. J Exp Med 1995; 181: 2109–2117.

16 Kawashima I, Hudson SJ, Tsai V, et al.: The multi-

epitope approach for immunotherapy for cancer: iden-

tification of several CTL epitopes from various tumor-

associated antigens expressed on solid epithelial tu-

mors. Hum Immunol 1998; 59: 1–14.

17 Kono K, Takahashi A, Sugai H, et al.: Dendritic cells 

pulsed with HER-2/neu-derived peptides can induce 

specific T-cell responses in patients with gastric cancer. 

Clin Cancer Res 2002; 8: 3394–3400.

18 Brossart P, Stuhler G, Flad T, et al.: Her-2/neu-derived 

peptides are tumor-associated antigens expressed by 

human renal cell and colon carcinoma lines and are 

recognized by in vitro induced specific cytotoxic T 

lymphocytes. Cancer Res 1998; 58: 732–736.

19 Lustgarten J, Theobald M, Labadie C, et al.: Identifica-

tion of Her-2/neu CTL epitopes using double trans-

genic mice expressing HLA-A2.1 and human CD.8. 

Hum Immunol 1997; 52: 109–118.

20 Anderson BW, Peoples GE, Murray JL, et al.: Peptide 

priming of cytolytic activity to HER-2 epitope 369–377 

in healthy individuals. Clin Cancer Res 2000; 6: 4192–

4200.

21 Fisk B, Savary C, Hudson JM, et al.: Changes in an 

HER-2 peptide upregulating HLA-A2 expression affect 

both conformational epitopes and CTL recognition: 

implications for optimization of antigen presentation 

and tumor-specific CTL induction. J Immunother Em-

phasis Tumor Immunol 1995; 18: 197–209.

22 Kuerer HM, Peoples GE, Sahin AA, et al.: Axillary 

lymph node cellular immune response to HER-2/neu 

peptides in patients with carcinoma of the breast. J 

 Interferon Cytokine Res 2002; 22: 583–592.



E75 Vaccine Development Breast Care 2016;11:116–121 121

23 Sotiropoulou PA, Perez SA, Iliopoulou EG, et al.: Cyto-

toxic T-cell precursor frequencies to HER-2 (369–377) 

in patients with HER-2/neu-positive epithelial tu-

mours. Br J Cancer 2003; 89: 1055–1061.

24 Zaks TZ, Rosenberg SA: Immunization with a peptide 

epitope (p369–377) from HER-2/neu leads to peptide-

specific cytotoxic T lymphocytes that fail to recognize 

HER-2/neu+ tumors. Cancer Res 1998; 58: 4902–4908.

25 Hailemichael Y, Dai Z, Jaffarzad N, et al.: Persistent 

antigen at vaccination sites induces tumor-specific 

CD8(+) T cell sequestration, dysfunction and deletion. 

Nat Med 2013; 19: 465–472.

26 Knutson KL, Schiffman K, Cheever MA, et al.: Immu-

nization of cancer patients with a HER-2/neu, HLA-

A2 peptide, p369–377, results in short-lived peptide-

specific immunity. Clin Cancer Res 2002; 8: 1014–1018.

27 Murray JL, Gillogly ME, Przepiorka D, et al.: Toxicity, 

immunogenicity, and induction of E75-specific tumor-

lytic CTLs by HER-2 peptide E75 (369–377) combined 

with granulocyte macrophage colony-stimulating fac-

tor in HLA-A2+ patients with metastatic breast and 

ovarian cancer. Clin Cancer Res 2002; 8: 3407–3418.

28 Rosenberg SA, Yang JC, Restifo NP: Cancer immuno-

therapy: moving beyond current vaccines. Nat Med 

2004; 10: 909–915.

29 Peoples GE, Gurney JM, Hueman MT, et al.: Clinical 

trial results of a HER2/neu (E75) vaccine to prevent 

recurrence in high-risk breast cancer patients. J Clin 

Oncol 2005; 23: 7536–7545.

30 Holmes JP, Clifton GT, Patil R, et al.: Use of booster 

inoculations to sustain the clinical effect of an adjuvant 

breast cancer vaccine: from US Military Cancer Insti-

tute Clinical Trials Group Study I-01 and I-02. Cancer 

2011; 117: 463–471.

31 Patil R, Clifton GT, Holmes JP, et al.: Clinical and im-

munologic responses of HLA-A3+ breast cancer pa-

tients vaccinated with the HER2/neu-derived peptide 

vaccine, E75, in a phase I/II clinical trial. J Am Coll 

Surg 2010; 210: 140–147.

32 Clifton GT, Mittendorf EA, Peoples GE: Adjuvant 

HER2/neu peptide cancer vaccines in breast cancer. 

Immunotherapy 2015; 7: 1159–1168.

33 Hale DF, Clifton GT, Sears AK, et al.: Cancer vaccines: 

should we be targeting patients with less aggressive 

disease? Expert Rev Vaccines 2012; 11: 721–731.

34 Benavides LC, Gates JD, Carmichael MG, et al.: The 

impact of HER2/neu expression level on response to 

the E75 vaccine: from U.S. Military Cancer Institute 

Clinical Trials Group Study I-01 and I-02. Clin Cancer 

Res 2009; 15: 2895–2904.

35 Reilly RT, Gottlieb MB, Ercolini AM, et al.: HER-2/neu 

is a tumor rejection target in tolerized HER-2/neu 

transgenic mice. Cancer Res 2000; 60: 3569–3576.

36 Reilly RT, Machiels JP, Emens LA, et al.: The collabo-

ration of both humoral and cellular HER-2/neu-tar-

geted immune responses is required for the complete 

eradication of HER-2/neu-expressing tumors. Cancer 

Res 2001; 61: 880–883.

37 Wolpoe ME, Lutz ER, Ercolini AM, et al.: HER-2/neu-

specific monoclonal antibodies collaborate with 

HER-2/neu-targeted granulocyte macrophage colony-

stimulating factor secreting whole cell vaccination to 

augment CD8+ T cell effector function and tumor-free 

survival in Her-2/neu-transgenic mice. J Immunol 

2003; 171: 2161–2169.

38 Park S, Jiang Z, Mortenson ED, et al.: The therapeutic 

effect of anti-HER2/neu antibody depends on both in-

nate and adaptive immunity. Cancer Cell 2010; 18: 

160–170.

39 Ferris RL, Jaffee EM, Ferrone S: Tumor antigen-tar-

geted, monoclonal antibody-based immunotherapy: 

clinical response, cellular immunity, and immunoes-

cape. J Clin Oncol 2010; 28: 4390–4399.

40 Taylor C, Hershman D, Shah N, et al.: Augmented 

HER-2 specific immunity during treatment with tras-

tuzumab and chemotherapy. Clin Cancer Res 2007; 13: 

5133–5143.

41 Knutson KL, Perez EA, Ballman KV, et al.: Generation 

of adaptive HER2-specific immunity in HER2 breast 

cancer patients by addition of trastuzumab to chemo-

therapy in the adjuvant setting: NCCTG (Alliance) 

study N9831. J Clin Oncol 2013(suppl):abstr 522.

42 Mittendorf EA, Clifton GT, Holmes JP, et al.: Clinical 

trial results of the HER-2/neu (E75) vaccine to prevent 

breast cancer recurrence in high-risk patients: from US 

Military Cancer Institute Clinical Trials Group Study 

I-01 and I-02. Cancer 2012; 118: 2594–2602.

43 Carmichael MG, Benavides LC, Holmes JP, et al.: Re-

sults of the first phase 1 clinical trial of the HER-2/neu 

peptide (GP2) vaccine in disease-free breast cancer pa-

tients: United States Military Cancer Institute Clinical 

Trials Group Study I-04. Cancer 2010; 116: 292–301.

44 Schneble E, Perez SA, Murray JL, et al.: Primary analy-

sis of the prospective, randomized, phase II trial of 

GP2+GM-CSF versus GM-CSF alone administered in 

the adjuvant setting to high-risk breast cancer patients. 

J Clin Oncol 2014; 32(suppl 26):abstr 134.

45 Clifton GT, Stassen SE, Arrington KL, et al.: Results of 

a phase Ib trial of combination immunotherapy with 

HER2-derived peptide vaccine GP2+GM-CSF and 

trastuzumab in breast cancer patients. Ann Surg Oncol 

2015; 22: abstr. 37.

46 Disis ML, Wallace DR, Gooley TA, et al.: Concurrent 

trastuzumab and HER2/neu-specific vaccination in pa-

tients with metastatic breast cancer. J Clin Oncol 2009; 

27: 4685–4692.

47 Schreiber RD, Old LJ, Smyth MJ: Cancer immunoedit-

ing: integrating immunity’s roles in cancer suppression 

and promotion. Science 2011; 331: 1565–1570.

48 Freeman GJ, Long AJ, Iwai Y, et al.: Engagement of the 

PD-1 immunoinhibitory receptor by a novel B7 family 

member leads to negative regulation of lymphocyte ac-

tivation. J Exp Med 2000; 192: 1027–1034.

49 Krummel MF, Allison JP: CTLA-4 engagement inhib-

its IL-2 accumulation and cell cycle progression upon 

activation of resting T cells. J Exp Med 1996; 183: 2533–

2540.

50 Mellor AL, Munn DH: Creating immune privilege: ac-

tive local suppression that benefits friends, but protects 

foes. Nat Rev Immunol 2008; 8: 74–80.

51 Munn DH, Mellor AL: Indoleamine 2,3-dioxygenase 

and tumor-induced tolerance. J Clin Invest 2007; 117: 

1147–1154.

52 Schwartz RH: T cell anergy. Annu Rev Immunol 2003; 

21: 305–334.

53 Whiteside TL: The tumor microenvironment and its 

role in promoting tumor growth. Oncogene 2008; 27: 

5904–5912.

54 Whiteside TL: Regulatory T cell subsets in human can-

cer: are they regulating for or against tumor progres-

sion? Cancer Immunol Immunother 2014; 63: 67–72.

55 Kimura T, McKolanis JR, Dzubinski LA, et al.: MUC1 

vaccine for individuals with advanced adenoma of the 

colon: a cancer immunoprevention feasibility study. 

Cancer Prev Res (Phila) 2013; 6: 18–26.

56 Sharma A, Koldovsky U, Xu S, et al.: HER-2 pulsed 

dendritic cell vaccine can eliminate HER-2 expression 

and impact ductal carcinoma in situ. Cancer 2012; 118: 

4354–4362.



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (eciRGB v2)
  /CalCMYKProfile ()
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends false
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize false
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo false
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.00000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.00000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 150
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.00000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects true
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (ISO Coated v2 \050ECI\051)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /DEU <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName (ISO Coated v2 \(ECI\))
      /DestinationProfileSelector /WorkingCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements true
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /UseName
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
  /SyntheticBoldness 1.000000
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [595.000 842.000]
>> setpagedevice


