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Abstract

In this randomized phase Ib trial, we tested combining the E39 peptide vaccine with a vaccine 

created from E39′, an attenuated version of E39.

Patients with breast or ovarian cancer, who were disease-free after standard of care therapy, were 

enrolled and randomized to one of three arms. Arm EE received six E39 inoculations; arm EE′ 
received three E39 inoculations followed by three E39′; and arm E′E received three E39′ 
inoculations, followed by three E39. Within each arm, the first five patients received 500mcg of 

peptide and the remainder received 1000mcg. Patients were followed for toxicity, and immune 
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responses were measured. This initial analysis after completion of the primary vaccination series 

has confirmed the safety of both vaccines. Immune analyses suggest incorporating the attenuated 

version of the peptide improves immune responses and that sequencing of E39 followed by E39′ 
might produce the optimal immune response.

Keywords

folate binding protein; breast cancer; ovarian cancer; peptide vaccine; attenuated vaccine; 
activation induced cell death

1 Introduction

With the recent success of immunotherapy, specifically checkpoint blockade, in the 

treatment of advanced cancers, there is renewed interest in exploring a broad range of 

immunotherapy strategies [1]. While checkpoint inhibitors have shown success in patients 

with metastatic cancer of various disease sites, the toxicity associated with these medications 

may limit their application in early stage disease. Additionally, the effectiveness of these 

therapies may be limited to a relatively small percentage of patients with a pre-existing 

immune response to their tumors [2, 3]. A successful cancer vaccine, on the other hand, can 

harness the power of the immune system to generate a de novo immune response to a tumor 

associated antigen found on a patient’s tumor with minimal or no systemic toxicity. Vaccines 

could therefore be used safely in the adjuvant setting. To this end, our group has developed a 

number of peptide vaccines targeting the HER2 antigen, which have been demonstrated to 

be safe, immunogenic, and have shown promising clinical efficacy in certain subgroups of 

patients [4–6].

More recently, our group has begun investigating vaccines targeting other common tumor 

associated antigens. Folate binding protein (FBP), also known as folate receptor alpha, is 

expressed at high levels on malignant cells and low levels on normal cells, lowering the risk 

of undesired toxicities [7]. Additionally, FBP expression has been shown to correlate with 

aggressive biology in ovarian and breast cancer [8, 9]. The E39 (FBP 191–199: 

EIWTHSYKV) peptide is an immunogenic epitope derived from the FBP protein, which can 

be administered with an immunoadjuvant (granulocyte macrophage colony stimulating 

factor [GM-CSF]) as a peptide vaccine (GALE-301). A phase I/IIa trial vaccinating patients 

with ovarian and endometrial cancer in the adjuvant setting has shown that it is safe, elicits a 

strong in vivo immune response and has promising clinical efficacy [10].

Historically, cancer vaccines have been evaluated in the setting of metastatic disease, with 

mostly disappointing results [11]. This is, at least in part, due to specific challenges of 

treating metastatic disease, such as large disease burden and the immunosuppressive tumor 

microenvironment [12, 13]. Consequently, our group has focused on administering peptide 

vaccines in the adjuvant, minimal disease setting [4–6, 10]. Even patients rendered disease-

free after completion of standard therapies, however, will have some immune tolerance to 

their tumor and the associated antigens. Peptides used in vaccines must therefore be highly 

immunogenic to overcome this initial tolerance. Despite this prerequisite, repeated 

stimulation with such a highly immunogenic peptide may elicit its own type of immune 
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tolerance manifested by some combination of T cell exhaustion, activation inducted cell 

death of specific cytotoxic T lymphocyte (CTL) populations, and induction of regulatory T 

cells [14, 15]. One proposed strategy to mitigate this risk of over-stimulation is to use an 

attenuated version of the immunogenic peptide in combination with the wild-type peptide. 

We have recently published pre-clinical work in which we engineered an attenuated version 

of the E39 peptide, termed E39′ (EIWTFSTKV, GALE-302). Compared with E39, this 

peptide has 2 amino acid substitutions at positions 5 and 7. This work showed that E39′, 

alone and in combination with E39, induced effective E39-specific CTL proliferation. In 

fact, E39′ induced more effective in vitro CTL activity than repeated stimulation with E39, 

likely through improved selection of effector CTL population [15]. While this pre-clinical 

work suggested the promise of such a strategy, questions remained regarding the 

effectiveness, dosing, and sequencing of attenuated peptides as part of a broader vaccination 

strategy.

In this randomized, phase Ib trial, we enrolled patients with breast or ovarian cancer who 

were rendered disease-free by standard of care therapies and randomized them to receive 

E39 or one of two sequences combining of E39 and E39′. Here, we present initial toxicity 

and immunologic response data for all patients after completion of the primary vaccination 

series (PVS).

2 Materials and Methods

2.1 Patient Characteristics and Clinical Protocols

The trial is a prospective, randomized, non-blinded, single-center phase Ib study being 

conducted under BB-IND #12391 (E39) and BB-IND#15305 (E39′). The trial protocol was 

reviewed and approved by the University of Texas MD Anderson Cancer Center Institutional 

Review Board prior to study initiation. Eligible patients had a diagnosis of breast or ovarian 

cancer, were disease-free after standard of care therapies, and were surgically or naturally 

post-menopausal. Patients were excluded for: active immunosuppressive therapy to include 

ongoing chemotherapy, steroids or methotrexate; poor performance status (ECOG >2); 

evidence of end-organ dysfunction; a history of autoimmune disease; or involvement in 

other experimental protocols, except with permission of the principal investigator of the 

other study. Eligible patients were screened, counseled, and consented prior to enrollment. 

The E39 and E39′ vaccines are HLA-A2 restricted, so enrolled patients were screened for 

HLA status and HLA-A2 negative patients were excluded. HLA-A2 positive patients were 

stratified based on cancer diagnosis (breast or ovarian) and randomized by computer tables 

to one of three arms for the PVS.

2.2 Vaccine and Vaccination Series

The E39 and E39′ peptides were produced commercially by an FDA-compliant production 

facility in good manufacturing practices for patient use. The peptide was purified to >95% 

before use. Sterility, endotoxin (limulus amebocyte lysate test), and general safety testing 

were performed. In addition, the manufacturer performed purity/stability testing periodically. 

Single dose vials were tested for bacterial and fungal contaminants prior to use. The single 

dose vials were stored in the investigational pharmacy.

Vreeland et al. Page 4

Clin Immunol. Author manuscript; available in PMC 2019 July 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



The bulk peptide was reconstituted in saline at a concentration of 500mcg/0.5mL. For the 

low dose patients, 500mcg of peptide was mixed with 250mcg of GM-CSF (at a 

concentration of 250mcg/1.0mL). The total volume (1.5mL) from the combination of 

peptide and immunoadjuvant was administered intradermally in three 0.5mL inoculums at 

three different sites within 5cm of each other, ensuring these sites drained to the same nodal 

basin. For the high dose patients, two doses of 500mcg were mixed with GM-CSF (125mcg/

0.5mL each). The total volume (2mL) from the combination was administered intradermally 

in four 0.5mL inoculums at four different sites within 5cm of each other.

Patients in each arm of the trial received six inoculations (V1–V6) of their respective peptide 

+ GM-CSF as the PVS, with one injection given every 3–4 weeks (Figure 1). The EE arm 

received six inoculations of E39; the EE′ arm received three inoculations of E39 followed 

by three of E39′; and the E′E arm received three inoculations of E39′, followed by three of 

E39. Within each arm, the first five patients received the low dose (500mcg) dose of peptide 

and the latter five patients received the high dose (1000mcg) (Figure 2).

2.3 Primary and Secondary Endpoints

The primary immunologic objective of the study was to determine which primary 

vaccination strategy maximizes E39-specific immunity as determined by the generation of 

E39-specific CTL. The primary clinical objective was to assess safety.

2.4 Immune Monitoring

Patients were assessed for evidence of in vivo immunologic response by evaluation of both 

the local reaction to each inoculation and a delayed-type hypersensitivity (DTH) reaction. 

The local reaction to each inoculation was assessed 48–72 hours after injection; the sensitive 

ballpoint-pen method was used to measure the reaction in two dimensions and the 

orthogonal mean was determined [16]. The DTH reaction was assessed at three time points 

(R0: pre-PVS; RC1: one month post-PVS; and RC6: six months post-PVS) (Figure 1). 

Briefly, to determine the DTH, 100mcg of E39 (without GM-CSF) as well as a parallel 

control (equivalent volume of sterile saline) were injected intradermally at a site on the 

anterior thigh opposite the side of the vaccination site; the response was measured in two 

dimensions at 48–72 hours post injection and the orthogonal mean was determined.

Patients were assessed for evidence of ex vivo immunologic response by quantification of 

E39-specific CTL using a dextramer assay as previously described performed on blood 

obtained at the same time points as the DTH (R0, RC1, RC6) [17,18]. Briefly, fresh PBMC 

was isolated and stained with the following antibodies: CD8 APC-H7 (BD Biosciences), 

CD3 PE Cy7 (BD Biosciences), E39-APC-conjugated dextramer (Immudex), and the 

following pacific blue conjugated lineage antibodies: CD4 (BD Biosciences), CD14 (BD 

Biosciences), CD16 (BD Biosciences), CD19 (Biolegend), and CD56 (BDBiosciences). 

Cells were then analyzed on a LSRFortessa Aanlyzer (BD Biosciences; 18-color, 5-laser: 

355nm, 405nm, 488nm, 561nm and 640nm). The frequency of E39-specific CD8+ T cells 

was determined as the percentage of cells that were alive, lineage-, CD3+ CD8+ and E39-

dextramer+.
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2.5 Toxicity

Patients were monitored post-inoculation for an hour and re-examined 48–72 hours after 

each inoculation for local and systemic toxicity. Additionally, patients were questioned 

about any associated toxicity at each follow up visit. The graded toxicity scale (NCI 

Common Terminology Criteria for Adverse Events, v4.03) was utilized to assess and grade 

local and systemic toxicities.

2.6 Statistical Analysis

Clinicopathologic data were compared between groups. Median and range were used to 

summarize continuous data, and the groups were compared using a Mann-Whitney U test. 

Chi squared or Fischer exact test were used to compare categorical variables between 

groups. Local reaction and DTH data are presented as orthogonal means ± standard errors; 

CTL data are presented as percentage of cells± standard errors. Groups at specific time 

points were compared using student’s t test, while changes in values over time were 

analyzed using ANOVA. Statistical analyses were performed using SPSS version 23 (IBM 

Corp. Released 2015. IBM SPSS Statistics for Windows, Version 23.0. Armonk, NY: IBM 

Corp.). Statistical significance was considered achieved if p<0.05.

3 Results

3.1 Patient Characteristics and Clinical Protocols

A total of 39 patients were enrolled (12 EE, 14 EE′, 13 E′E), including 35 breast cancer and 

four ovarian cancer patients. Eight patients withdrew prior to completion of the PVS (none 

due to complications of therapy) and 1 patient died during the PVS (unrelated to treatment). 

Thirty patients completed the PVS (10 EE, 10 EE′, 10 E′E), 27 with breast and three 

ovarian cancer. In the EE′ arm, one of the low dose patients did not complete the PVS and 

was replaced with a high dose patient, so a total of 14 patients received the low dose (5 EE, 

4 EE′, 5E′E) and 16 received the high dose (5 EE, 6 EE′, 5 E′E) (Figure 2). 

Clinicopathologic features by study arms and by dosing group are shown in tables 1 and 2 

respectively.

3.2 Toxicity

Local and systemic toxicities were mild for all patients with no toxicities > grade 2. The 

most common local toxicities were injection site erythema, induration and pruritus. The 

most common systemic toxicities were mild flu-like symptoms of fatigue and malaise. There 

were no significant differences in systemic or local toxicity between the arms. When 

comparing dosing groups, there were also no significant differences in local or systemic 

toxicity (Figure 3).

3.3 Immune Response

3.3.1 Local reaction—In the entire cohort of patients, the local reaction assessed after the 

last inoculation of the PVS was significantly greater than the local reaction after the first 

inoculation (V6: 104.3±10.7mm vs V1: 48.4±11.4mm, p=0.001; Figure 4A). Analyzing 

patients based on dosing, both low dose and high dose groups, showed significant increase at 
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V6 vs V1 (low dose: 87.8±15.8 vs. 32.9±14.8mm, p=0.02; high dose: 127.3±9.2mm vs. 

62.0±16.2mm, p=0.008; Figure 4B). The high dose group showed consistently larger local 

reactions than the low dose group, with the difference being significant at V3 (V1: p=0.2, 

V3: p=0.02; V6: p=0.07). Comparing the study arms individually, all groups showed an 

increase at V6 vs V1, but the EE′ group showed the largest increase, which reached 

statistical significance (EE: p=0.07, EE′: p=0.002, E′E: p=0.14; Figure 4C).

3.3.2 Delayed Type Hypersensitivity—In the analysis of all patients, there was a 

significant increase in DTH over the course of the trial (p=0.04; Figure 5A). This was driven 

by the low dose group, which had a significant increase in their DTH response through the 

trial (R0:1.9±1.9mm; RC1: 21.4±8.1mm; RC6:21.3±8.2mm, p=0.03). There was no 

statistical change in the DTH response over time in the high dose group. (Figure 5B). 

Comparing DTH response by treatment arms, the EE′ arm had the greatest response, with a 

significant increase over time compared to the EE and E′E arms (<0.001; Figure 5C). 

Within the EE′ arm, the low dose patients showed the largest increase in DTH, with a 

significant increase from R0 (0±0mm) to RC1 (48.5±14.5mm, p=0.01) and RC6 

(58.8± 7.7mm, p<0.001) (Figure 5D).

3.3.3 E39-specific T cells—When evaluating all patients, regardless of arm of the trial or 

dose administered, there was no change in levels of E39-specific CTLs across the trial (R:

0.11±0.03%; RC1: 0.15±0.03%; RC6:0.13±0.02%, p=0.70) (Figure 6A). When evaluating 

by high versus low dose, however, there was a near doubling of E39-CTL between the R0 

(0.086±0.033%) and RC1 (0.171±0.048%, p=0.16) for patients who received the higher dose 

(Figure 6B). When evaluating by treatment arms, both the EE′ (0.09±0.04% to 0.13±0.05%; 

p=0.57) and E′E (0.08±0.03% to 0.15±0.07%; p=0.32) groups experienced an increase in 

E39-specific CTL with the increase in the E′E group again representing nearly a doubling in 

antigen-specific CTL (Figure 6C).

4 Discussion

This phase Ib trial represents the first study to compare treatment with a peptide vaccine 

alone and in combination with an attenuated version. We have shown that E39 administered 

alone or sequentially with E39′ is safe and well tolerated. Although none of the 3 arms 

showed a significant increase in the number of E39-specific CTL, it is interesting to note 

that the two strategies utilizing both the wild-type and attenuated peptides did stimulate an 

increase in the number of E39-CTL after the PVS, while a PVS consisting only of the wild-

type peptide did not. In addition, the in vivo responses, as assessed by both local reaction 

and DTH, were stronger in those patients receiving both E39 and E39′, with the DTH and 

local reaction data both favoring the EE′ arm. Taken together, the data suggest that the best 

strategy for vaccination is to administer a PVS consisting of three inoculations of the wild-

type peptide (E39) followed by three inoculations of the attenuated peptide (E39′).

This study has investigated a vaccine strategy targeting FPB, which represents a nearly ideal 

TAA for immunotherapy. FBP is expressed in 80–90% of ovarian cancers and 40% of breast 

cancers, to include up to 80% of triple negative breast cancers, but has very low expression 

in normal tissue [7–9, 19]. Moreover, FBP expression is associated with particularly poor 
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prognosis in both ovarian and breast cancer [8, 9]. The E39 peptide is an immunogenic 

epitope of FBP, while the E39′ peptide was developed by altering two specific amino acids 

in the E39 sequence (histidine at position 5 changed to phenylalanine; tyrosine at position 7 

changed to threonine). These amino acid substitutions alter the interaction between the 

peptide-HLA-A2 complex and the T cell receptor resulting in an attenuate version of the 

peptide. Our preclinical work suggests this attenuated peptide elicits an effective CTL 

response, perhaps even avoiding the activation-induced cell death induced by repeated 

stimulation with the wild-type peptide [15].

While the E39 peptide was previously shown to be safe and well-tolerated in a trial enrolling 

patients with ovarian and endometrial cancer, the safety of E39′ inoculations in humans has 

not been previously demonstrated [10]. In this study, patients receiving E39′ as a 

component of their PVS experienced only grade 1 and 2 toxicities confirming the safety of 

this attenuated peptide. As seen in our previous study evaluating the E39 peptide vaccine, as 

well as our studies evaluating HER2-derived peptide vaccines, most of the toxicity 

experienced was skin reactions, to include erythema and pruritus, and mild flu-like 

symptoms [4–6, 10]. In several of our previous randomized, controlled trials, control 

patients have received GM-CSF alone, and we have seen similar rates of systemic toxicity 

between vaccine and control arms, implying that the toxicity from the peptide vaccines is 

related to the GM-CSF, not the peptide itself [4, 5]. Therefore, although this trial did not 

have a GM-CSF only arm, it is reasonable to suggest that the toxicity seen is attributable to 

the adjuvant.

While the toxicity profile remained minimal with the addition of the attenuated peptide 

vaccine, the ultimate goal of this therapy is to develop a strong peptide-specific immune 

response. Indeed, the in vivo immune response to the combination of the two peptides was 

strong. Though all patients that finished the PVS showed a significant increase in both local 

reaction and DTH over time, the dose and sequence of the peptides influenced the 

magnitude of response. The low dose of the peptides led to a greater response in DTH, while 

the high dose showed increase local reaction. The local reaction increase in the high dose 

group is not unexpected as this is a measurement of direct and immediate immune response 

to each inoculation of peptide and GM-CSF, so a higher dose of peptide is expected to show 

a larger reaction. The DTH results, however, are more telling of a meaningful immune 

response to the target peptide. DTH responses rely on immune memory and circulating 

immune cells as this test is done without immunoadjuvant and at time points and locations 

remote from the actual inoculations. Additionally, DTH has been previously validated as a 

measure of in vivo immune response and shown to correlate with clinical outcomes [6, 20].

Interestingly, the indication from these DTH results, that a lower dose of peptide induces a 

more meaningful immune response, is in contrast with our recently published results from 

the phase I/IIb trial of the E39 peptide vaccine in patients with endometrial and ovarian 

cancer where patients receiving a higher vaccine dose demonstrated better clinical outcome 

[10]. This difference may be related to the differences in patient populations. While the vast 

majority of the patients in the endometrial/ovarian cancer trial are expected to have high 

expression of FBP, 90% of the patients in our current trial have breast cancer and only about 

40% of breast cancer patients are expected to have previous FBP exposure. The higher 
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expression of FBP the endometrial cancer group may have caused deletion of the high 

avidity E39-CTL, leaving the lower avidity CTL to expand in response to the higher E39 

dose. Additionally, the amount and potency of immunosuppressive chemotherapy received 

as standard of care is markedly different between these patient populations, with breast 

cancer patients receiving less chemotherapy (less than 70% of breast cancer patients in the 

current trial received chemotherapy) and less aggressive regimens when chemotherapy is 

used, leaving a more functional immune system that may be more responsive to lower doses 

of peptide. Thus, in this trial of mostly breast cancer patients with less exposure to FBP and 

having received less cytotoxic chemotherapy, it appears that a lower dose of peptide may be 

the preferred dose.

In addition to using a lower dose of peptide, sequencing the attenuated peptide after the 

wild-type peptide (EE′ dosing scheme) improves the DTH response. Preclinical work by 

our group suggests that, over time, repeated exposure to an immunogenic peptide can cause 

selection of T cells with low affinity T cell receptors, which specialize more in cytokine 

expression and have less cytotoxic function [15]. This leads to high levels of IFNγ and IL-2 

expression, which may in turn lead to exhaustion of the effector CTLs and induction of 

regulatory T cells [15, 21–23]. Indeed, patients in the EE group, receiving repeated doses of 

E39, showed an initial increase in local reaction but the local reaction in this group waned at 

the end of the PVS. Additionally, this group showed no increase in DTH after the PVS. This 

may represent a clinical manifestation of the detrimental T cell selection identified in pre-

clinical work. Theoretically, substituting an attenuated version of this peptide at some time 

during the vaccine series may stimulate a more effective and functional CTL response to a 

peptide vaccine. In this trial, the EE′ group showed larger local reactions and DTH 

responses compared with the other arms, indicating that this sequence of fully immunogenic 

peptide to start the response, followed by attenuated peptide in the second half of the PVS, 

induced the most meaningful immune responses in this trial.

One confounding aspect of the immune analyses performed as part of this study is the CTL 

response. Specifically, looking at the entire study population, there was no increase in the 

levels of E39-specific CTLs present in the peripheral blood. However, when evaluating by 

treatment arms, there was an increase in E39-specific CTL for both the EE′ (0.09% to 

0.13%; p=0.57) and E′E (0.08% to 0.15%; p=0.32) groups, with the increase in the E′E 

group representing nearly a doubling in antigen-specific CTL. While this difference was not 

significant, it is likely that the number of patients in each of the groups was too small to 

show a statistically significant difference. Differences in the FBP expression rates between 

the arms, which were not directly assessed in this trial, could also contribute to the 

differences in E39-specific CTLs seen at baseline. Additionally, the dextramer assay serves 

to measure only the gross number of E39-specific CTLs and does not inform regarding the 

expansion and retraction of specific clonal subpopulations. As demonstrated in our pre-

clinical work, the theoretical advantage of an attenuated peptide vaccine comes from 

selection of a more effective group of CTLs rather than a broad expansion in the number of 

CTLs, so the most effective vaccine therapy could very well cause a decrease in total 

number of CTLs, while simultaneously leading to expansion of memory effector T cells. 

Ultimately, the near doubling in the specific T cell response does suggest there was some 

impact from vaccination and it is also notable that the increase was greatest in the low dose 
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groups and groups receiving the attenuated version of the peptide, consistent with the DTH 

data.

This trial is continuing with patients receiving booster inoculations, which, as we have 

previously shown, effectively extend immune responses to cancer vaccines [24]. In this 

particular trial, given the use of two vaccines, there is an additional randomization step when 

selecting patients for booster inoculation with either E39 or E39′. All patients are being 

assessed for significant residual immunity after the PVS, defined as a doubling of their E39-

CTL levels. Once this is determined, patients will be stratified by presence of significant 

residual immunity and then randomized to receive a single booster inoculation of either E39 

or E39′ followed by short-term (1 mo) and long-term (6 mos) assessments of both in vitro 
and in vivo immune responses.

5 Conclusion

This initial analysis of the ongoing phase Ib trial of E39 and E39′ in breast and ovarian 

cancer patients has confirmed the safety of both epitopes administered as part of a vaccine. 

Immune analyses suggest that incorporation of the attenuated version of the peptide into the 

vaccination strategy will optimize both in vivo and in vitro immune responses. While these 

early analyses suggest that the E39 followed by E39′ sequencing might produce the optimal 

immune response, additional analyses following completion of the booster inoculations are 

required to confirm this.
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GM-CSF granulocyte macrophage colony stimulating factor
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RC6 assessment 6 months post-PVS

V1–6 Vaccinations 1–6
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Highlights

• FBP-derived peptide vaccine E39 elicits a strong in vivo immune response.

• Highly immunogenic vaccines may overstimulate the immune system.

• E39′ (attenuated E39) is being tested in a phase Ib trial.

• E39 and E39′ are safe with local and systemic toxicities < grade 2.

• Sequencing E39 followed by E39′ may elicit optimal immune response.
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Figure 1. 
Vaccination Schedule. Patients received 6 inoculations (V1–V6), one every 3–4 weeks. 

Immunologic assay and DTH measurement was performed prior to the start of the primary 

vaccine series, then 1 and 6 months after the last inoculation (R0, RC1, RC6).
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Figure 2. 
Consort Diagram through the Primary Vaccine Series. A total of 39 patients were enrolled, 

30 of which completed the primary vaccine series (PVS). There were 10 patients in each 

arm. One low dose patient in the EE′ arm did not finish the PVS and was replaced by a high 

dose patient so a total of 14 patients received the low dose (5 EE, 4 EE′, 5 E′E) and 16 

received the high dose (5 EE, 6 EE′, 5 E′E).
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Figure 3. 
Toxicity Percentage of patients in each group experiencing maximum toxicities of each 

grade. There were no grade 3 or higher toxicities experienced by any patient. There were no 

significant differences in maximum toxicities between groups based on dosing or vaccine 

sequence.
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Figure 4. 
Local reaction after first (V1), third (V3) and sixth (V6) inoculations. Figure 4A: All 

patients. The local reaction to the last inoculation of the PVS was significantly greater than 

the first (V6: 104.3±10.7mm vs V1: 48.4±11.4mm, p=0.001). Figure 4B: By dosing group. 

Both high dose and low dose groups showed significant increase at V6 vs V1 (low dose: 

87.8±15.8 vs. 32.9±14.8mm, p=0.02; high dose: 127.3±9.2mm vs. 62.0±16.2mm, p=0.008). 

The high dose group showed consistently larger local reactions than the low dose group, 

with the difference being significant at V3 (V1: p=0.2, V3: p=0.02; V6: p=0.07). Figure 4C: 

By study arm. All groups showed an increase at V6 vs V1, but only the EE′ group showed a 

statistically significant increase (EE: p=0.07, EE′: p=0.002, E′E: p=0.14). *=p<0.05.
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Figure 5. 
DTH at baseline (R0), 1 month (RC1), and 6 months (RC6) post-PVS. Figure 5A: DTH in 

all patients. There was a significant increase in DTH over the course of the trial (p=0.04). 

Figure 5B: DTH by dosing group. The low dose group had a significant increase in their 

DTH response through the trial (p=0.03). Figure 5C: DTH by study arm. The EE′ arm had 

the greatest response, with a significant increase over time compared to the EE and E′E 

arms (<0.001). Figure 5D: DTH by study arm AND dosing group. Within the EE′ arm, the 

low dose patients showed the largest increase in DTH, with a significant increase from R0 

(0±0mm) to RC1 (48.5±14.5mm, p=0.01) and RC6 (58.8± 7.7mm, p<0.001). *=p<0.05.
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Figure 6. 
CTL at baseline (R0), 1 month (RC1) and 6 months (RC6) post-PVS. Figure 6A: All 

patients CTL. There was no difference in levels of E39-specific CTLs (R:0.11±0.03%; RC1: 

0.15±0.03%; RC6:0.13±0.02%, p=0.70). Figure 6B: CTL by dosing group. The high dose 

group had a non-significant increase in of E39-CTL between the R0 and RC1 (p=0.16), but a 

slight decrease at RC6. The low dose group had no significant change in CTL. Figure 6C: 

CTL by study arm. The EE′ (0.09±0.04% to 0.13±0.05%; p=0.57) and E′E (0.08±0.03% to 

0.15±0.07%; p=0.32) groups experienced an increase in E39-specific CTL with the increase 

in the E′E group nearly a doubling in antigen-specific CTL.
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Table 2

Demographics by dose.

Low Dose (500mcg) High Dose (1000mcg)
p-value

n=14 n=16

Median Age (yrs) 54 57 0.80

Range 42–83 41–82

Breast n=13 n=14

T Stage < T2 61.5% 71.4% 0.69

High Grade 38.5% 35.7% 0.98

Node Positive 69.2% 42.9% 0.25

Hormone Receptor+ 69.2% 64.3% 0.99

HER2+ 0.0% 35.7% 0.04

Ovarian n=1 n=2
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