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Purpose

To pevaluate the maximum-tolerated dose (MTD), safety profile, and immunogenicity of two
chimeric, B-cell epitopes derived from the human epidermal growth factor receptor (HER2)
extracellular domain in a combination vaccine with a promiscuous T-cell epitope (ie, MVF) and
nor-muramyl-dipeptide as adjuvant emulsified in SEPPIC ISA 720.

Patients and Methods
Eligible patients with metastatic and/or recurrent solid tumors received three inoculations on days

1, 22, and 43 at doses of total peptide that ranged from 0.5 to 3.0 mg. Immunogenicity was
evaluated by enzyme-linked immunosorbent assay, flow cytometry, and HER2 signaling assays.

Results
Twenty-four patients received three inoculations at the intended dose levels, which elicited antibodies

able to recognize native HER2 receptor and inhibited both the proliferation of HER2-expressing cell
lines and phosphorylation of the HER2 protein. The MTD was determined to be the highest dose level
of 3.0 mg of the combination vaccine. There was a significant increase from dose level 1 (0.5 mg) to
dose level 4 (3.0 mg) in HER2-specific antibodies. Four patients (one each with adrenal, colon, ovarian,
and squamous cell carcinoma of unknown primary) were judged to have stable disease; two patients
(one each with endometrial and ovarian cancer) had partial responses; and 11 patients had progressive
disease. Patients with stable disease received 6-month boosts, and one patient received a 20-
month boost.

Conclusion

The combination vaccines were safe and effective in eliciting antibody responses in a subset of
patients (62.5%) and were associated with no serious adverse events, autoimmune disease, or
cardiotoxicity. There was preliminary evidence of clinical activity in several patients.
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between 20% and 50%>° and prolonged disease-
free survival.”® Targeting HER2 with another re-

ErbB2 (human epidermal growth factor-2; HER2) is
overexpressed in many epithelial-derived cancers,’
including breast cancer, and its expression is associ-
ated with a poor prognosis and a high risk of cancer
relapse.” Trastuzumab (Herceptin; Genentech, San
Francisco, CA), a humanized, immunoglobulin G1
(IgG1), HER2, monoclonal antibody strongly in-
hibits the growth of HER2-overexpressing cell lines
and xenografts in preclinical models.>* In patients
with metastatic, HER2-overexpressing breast can-
cer, administration of trastuzumab alone or in com-
bination with paclitaxel produced response rates
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combinant humanized monoclonal antibody (ie,
2C4), pertuzumab (Omnitarg; Genentech) prevents
ligand-induced heterodimerization with other
HER?2 receptors. Combination of these agents could
disrupt both signaling pathways, resulting in addi-
tive/synergistic tumor growth inhibition.’

To date, most peptide, cancer vaccine strategies
seek to induce a cellular, antigen-specific, T-cell
response.'*'* T-cell immune responses also have
been identified in patients with cancer whose tu-
mors overexpress HER2.">'> Disis et al'> demon-
strated that patients with HER2-positive breast
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cancer have pre-existent T- and B-cell immunity against HER2'® and
found that CD4 ™ T-cell peptides elicited immunity to HER2'” in three
clinical trials."®>°

Peptide vaccines against weakly immunogenic self proteins, such
as HER?2, are attractive because of the safety profiles. B-cell epitopes do
not have specific human leukocyte antigen (HLA) restrictions, as
cytotoxic T lymphocytes or T helper cell epitopes do, and therefore are
potential vaccine candidates. Vaccines that target B-cell responses
could avoid the limitations of trastuzumab/pertuzumab by eliciting a
long-lasting, endogenous immune response. Despite the clinical suc-
cess of passive immunotherapy with trastuzumab, humanized mono-
clonal antibody therapy is associated with limitations that stem from
the short half-life of IgG, the need for repeated treatments, and the
high cost of treatment. Active immunotherapy with peptide vaccines
by using HER?2, B-cell epitopes as chimeric peptides with a promiscu-
ous T-cell epitope (ie, MVF) derived from the measles virus fusion
protein could trigger the patient’s immune system to respond by
producing antibodies to the epitope.

We identified sequences 316 to 339 and 628 to 647 of HER2 as
potential B-cell epitopes by computer-aided analysis, and we have
demonstrated preclinical in vitro and in vivo antitumor proper-
ties.”"** The study described here is a phase I, active-immunotherapy,
clinical trial in patients with metastatic cancer that used a
combination of MVF-316 to MVF-339 and MVF-628 to MVF-647
with nor-muramyl-dipeptide (n-MDP) adjuvant emulsified in Mon-

tanide ISA 720 (SEPPIC, Inc., Paris, France). The goals of this study
were to determine the safety, assess the optimal dosing, and measure
the immunogenicity of the vaccine.

Eligibility Criteria

The clinical trial was conducted under an investigational new drug ap-
plication (BB-IND-9803) approved by the Food and Drug Administration
and the Ohio State University human institutional review board. Patients were
required to meet the following eligibility criteria: stable disease for at least 3
months with a prior history of treated brain metastases; ambulatory, with an
European Cooperative Oncology Group Zubrod performance status of 0, 1, or
2; and at least 4 weeks past any prior surgery, cytotoxic chemotherapy, other
immunotherapy, hormonal therapy, or radiation therapy. Patients were ex-
cluded if they had a significant concurrent illness; uncontrolled or severe
cardiac disease; active viral hepatitis, HIV, or other infectious agents; autoim-
mune disease; anaphylactic response to the vaccine; or corticosteroid require-
ment. Eligible patients were assessed by physical examination, medical history,
chest x-ray, and computed tomography (CT) scan of the brain. Patients were
skin-tested for immediate hypersensitivity; those with a positive skin test (> 20
mm) were not eligible for the trial. Patients gave signed informed consent
before initiation of therapy.

Chimeric Peptide Vaccines, Adjuvant, and Vehicle
The combination vaccine was a mixture of two synthetic peptides
that consisted of B-cell epitopes of HER2 that corresponded to amino

Table 1. Patient Demographic and Clinical Characteristics
Characteristic
Prior HER2 Positivity
Patient by Cohort Age (years) Sex Malignancy ECOG PS Metastatic Site Chemotherapy Clinical Benefit Status
Cohort 1:1A 73 F Colon 0 Lung 2 +SD —
1B 75 F SCC 0 Thigh 2 +SD FISH
1C 65 [F Ovarian 1 Liver cyst 5 — FISH
1D 78 F Endometrial 2 Peritoneum 2 +PR™* —
1E 74 F Breast 1 Breast, bone 8 — IHC3
1F 37 [ Breast 0 Lung 8 — IHC3
Cohort 2:2A 57 M Adrenal 1 Lung, liver 2 +SD —
2B 55 M Pancreas 0 Pancreas 3 — —
2C 67 F Ovarian 1 Liver 9 — —
2D 59 M Rectal 1 Lung, liver 3 — —
2E 53 F Leiomyosarcoma 0 Lung 4 — —
2F 75 F Endometrial 1 Lung 2 —_ FISH
Cohort 3:3A 66 F Breast 1 Liver 6 — IHC3
3B 41 F Breast 0-1 Liver 4 — IHC3
3C 46 F Rectal 2 Periaortic 2 — —
3D 58 M Colon 0 Liver, lung 3 — —
3E 61 M Colorectal 0 Liver, bone 6 — —
B8R 66 [ Breast 0 Lung, chest 8 — IHC2
Cohort 4:4A 65 F Ovarian 0 Pelvis 1 — IHC2
4B 35 F GIST — Lung 1 — —
4C 70 F Cervical 1 Small intestine 3 — —
4D 74 F Ovarian 0 Abdomen 7 +SD —
4E 71 F Ovarian 0 Abdomen 3 +SD —
4F 49 F NSCLC 0 Abdomen 3 — —
Patients with histologically confirmed metastatic and/or recurrent solid tumors were eligible for enroliment after having received standard therapy and were no
longer responding. Patients were not required to have HER-2 over-expression for enroliment.
Abbreviations: ECOG PS, Eastern Cooperative Oncology Group performance status; HER2, human epidermal growth factor receptor 2; +, clinical response; —, no
clinical response; SD, stable disease; SCC, squamous cell carcinoma; FISH, fluorescent in situ hybridization; PR, partial response; IHC, imunohistochemistry; GIST,
gastrointestinal stromal tumor; NSCLC, non-small-cell lung cancer.
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acids 628 to 647 (INGTHSCVDLDDKGCPAEQR) and 316 to 339
(LHNQEVTAEDGTQRAEKCSKPCA) and that were fused via a four-residue
linker sequence (GPSL) to the Th (MVF) epitope that corresponded to amino
acids 288 to 302 (KLLSLIKGVIVHRLEGVE).*? The GMP peptide and
n-MDP (N-acetyl-glucosamine-3yl-acetyl-L-alanyl-D-isoglutamine) met the
all Food and Drug Administration and US Pharmacopeia requirements for
sterility (ie, bacterial/fungal), endotoxins, and potency. The saline-oil phase
vehicle (Montanide ISA 720; SEPPIC Inc), was a kind gift from SEPPIC
(Paris, France) and was used as an emulsifying agent with approved certif-
icate of analyses for toxicity, emulsifying property, and sterility.

Vaccination Protocol

The study was performed as a dose-escalating safety trial. The vaccine
emulsified with n-MDP and Montanide ISA 720 vehicle was administered
intramuscularly into the gluteus maximus muscle, and subsequent injections
were in alternating muscles. Six patients at each dose level received three
inoculations of the combination vaccines at 3-week intervals. The dose levels
were 0.25, 0.5, 1.0, and 1.5 mg each. Three patients were treated at each dose
level and were observed for a minimum of 9 weeks. If no patients or one of
these patients experienced dose-limiting toxicity (DLT), an additional three
patients were entered at that dose level and were observed for a minimum of 9
weeks. If two or three of the initial three patients at the dose level experienced
DLT, additional enrollment at the dose level was terminated and the previous
dose level was identified as the maximum-tolerable dose (MTD). In the ab-
sence of dose-limiting toxicity, successive cohorts of patients were entered
onto the protocol at increasing doses of peptide vaccine. Thus, the MTD was

defined as dose level 4, because no patients or only one patient experienced
DLT for each dose level.

Toxicity and Response Assessment

Toxicity was assessed by using the National Cancer Institute Common
Terminology Criteria of Adverse Events, version 3.0. Patients who experienced
any grade 3 nonhematologic or hematologic toxicity, including grade 3 flu-like
symptoms or any grade 3 injection-site reaction, were considered to have
experienced a DLT. In the absence of DLT, successive cohorts of patients were
entered onto the protocol at increasing dose levels. Radiologic assessment was
done by CT or magnetic resonance imagine (MRI; as long as the same consis-
tent measure was used serially) every 8 weeks, and responses were measured
according to RECIST (Response Evaluation Criteria in Solid Tumors.

Procurement of Patient Serum

Peripheral blood (40 ml) samples were drawn from patients into hepa-
rinized tubes, were centrifuged for the isolation of plasma, and were frozen at
—70°C after purification. Protein concentration of each sample was measured
by Coomassie. Blood samples (8 mL) were collected monthly after the final
vaccination until no antibody response was detected.

Cell Lines, Antibodies, and Protein

Cell culture medium, fetal calf serum and supplements were purchased from
Invitrogen Life Technologies (Carlsbad, CA). The human breast tumor cell line
BT-474 (American Type Culture Collection, Manassas, VA) was maintained ac-
cording to the supplier’s guidelines. AG825, a selective HER2/neu kinase inhibitor
(Calbiochem, San Diego, CA), human recombinant HER2 protein (rhHER?2,
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Fig 1. Dose level 4 immunoglobulin G responses to human epidermal growth factor receptor 2 peptide vaccines. Enzyme-linked immunosorbent assay was carried
out for patients A through F, as discussed in Patients and Methods. Antibody titers were defined as the reciprocal of the highest serum dilution with an absorbance
of 0.2. 1y + 3w, blood drawn 3 weeks after the first immunization; 3y + 1w, blood drawn 1 week after third immunization. The y-axis represents the titer after

subtracting the patient presera value and the blank.
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MBS1432470, HER2 amino acid sequence 23-419; BioSource, San Diego,
CA) and Herceptin (Genentech) were provided by William Carson, MD.

Enzyme-Linked Inmunosorbent Assay

The presence of antibodies specific for the HER2 peptide vaccine in
patient serum was directly assessed by using enzyme-linked immunosorbent
assay (ELISA), as described previously.”' Briefly, 96-well plates were coated
with individual immunogen (ie, MVE-316 to MVF-339, MVF-628 to MVF-
647) or thHER?2 antigen overnight, patient serum (in a 1:4 dilution) in
phosphate-buffered saline (PBS) containing 0.1% BSA and 0.01% Tween-20
(PBT buffer) was added in duplicate, and the serum was serially diluted ata 1:2
ratio in PBT. Goat-antihuman IgG conjugated to horseradish peroxidase and
substrate were added to the plate for detection. Matched-patient preserum was
subtracted from all samples. For the detection of antibody isotype, secondary
antibodies against human IgGl1, 2, 3, and 4 conjugated to alkaline phosphatase
were used. p-nitrophenyl phosphate disodium salt substrate was added, and
the reaction was stopped with 2N NaOH.

Flow Cytometry
BT-474 (1 X 10°) cells were incubated with patient serum in 100 uL of
2% FCS in phosphate-buffered saline (PBS) for 2 hours at 4°C. Presera was

used as a negative control, and trastuzumab was used as a positive control.
Unbound antibodies were removed with PBS, and the cells were incubated
with fluorescein isothiocyanate—conjugated antihuman antibody for 30 minutes
at4°Cin 100 uL of 2% FCS in PBS. Cells were washed in PBS and were fixed in 1%
formaldehyde before they were analyzed by Coulter ELITE flow cytometer
(Coulter, Hialeah, FL). A total of 10,000 cells were gated by light-scatter assessment
before single-parameter histograms were drawn and smoothed.

The proliferation assay was performed as previously described****
with BT-474 (2 X 10* per well) in 96-well, flat-bottom plates overnight.
Purified patient sera were added, were incubated for 1 hour at 37°C
followed by the addition of 10% heregulin (R&D Systems, Minneapolis,
MN), and were additionally incubation for 72 hours before addition of
MTT. After extraction with buffer, plates were incubated overnight at 37°C
and were read on an ELISA reader at 570 nm with a 655-nm background.

The HER2 phosphorylation assay was performed by using BT-474 (1 X
10° per well), as described previously*>** in six-well plates, which were incu-
bated at 37°C overnight. Then, 100 ug of patient sera were added and were
incubated at room temperature for 1 hour before addition of HRG (5 nmol/L
per well). Then, 1 mL of RIPA lyses buffer was added after incubation and
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Fig 2. Effects of purified antipeptide antibodies on (A) proliferation and on (B) phosphorylation with BT-474 cells. Cells were incubated with medium alone or were
treated with preantibodies, peptide antibodies, and trastuzumab (100 ng). The inhibition rate was calculated with the following formula: (optical density 570 nm

[0D] - OD(reated) + OD

medium alone medium alone
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X 100. Error bars represent standard error of the mean.
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Table 2. IgG Responses to Individual Peptide Immunogens, MVF 316-339
and MVF 628-647, by ELISA

Individual Patient OD Values to Immunogenic Vaccine

Constructs
Peptide A B C D E F Dose Level
316-339 0934 0.778 0544 0.611 0537 1.242 1
628-647 1.098 0.701 0.409 0.396 0.311 1.985 1
316-339 1.899 0915 0602 0.739 0.400 0.505 2
628-647 2443 0829 1.719 1.265 0.201 0.568 2
316-339 0.351 0.268 1.246 0.739 1.382 0.505 B
628-647 0.421 0.842 0.837 1.265 1.394 0.568 3
316-339 1.207 0.753 0675 1.323 2.369 0.934 4
628-647 1.265 0.698 0.469 1.740 2590 1.098 4

NOTE. Individual patients A through F are in cohorts 1 through 4. The
maximum absorbance value for each patient’s serum at a 1:16 dilution after
subtracting preserum value was determined against MVF 316-339 and MVF
628-647. The numbers correspond to the maximum absorbance for each
patient at the indicated dose level.

Abbreviations: 1gG, immunoglobulin G; ELISA, enzyme-linked immunosor-
bent assay; OD, optical density 415 nm.

removal of buffer; plates were rocked at 4°C for 30 minutes; lysates were
removed; sera were spun at 13,000 X g and supernatants collected. Phosphor-
ylation was determined by DuoSet IC (R&D Systems) for total human
phospho-HER2, according to the manufacturer directions.

Antibody-Dependent Cellular Cytotoxicity

Antibody-dependent cellular cytotoxicity (ADCC) was measured by us-
ing the nonradioactive aCella-TOX kit (Cell Technology, Mountain View,
CA) according to the manufacturer’s recommendations. A total of 10,000
BT-474 target cells, 50 g of each of the patient antibodies, trastuzumab (50 ug
as positive control) and human peripheral-blood mononuclear cells (PBMCs;
effector cells, with a target ratio of 100:1, 20:1, and 4:1) were used. Normal
human and mouse IgGs served as negative controls.

Patients

Twenty-four patients were enrolled (Table 1) on the study; the
mean age was 62 years; and patients had a variety of malignancies,
which included breast (n = 5), ovarian (n = 5), colorectal (n = 4),
endometrial (n = 2), cervical (n = 1), pancreatic (n = 1), adrenal
(n = 1), gastrointestinal stromal tumor (n = 1), leiomyosarcoma
(n = 1), and unspecified squamous cell cancer (n = 1). Among the
patients, there were 19 women and five men. Twenty-one patients
were white, and three were African American.

Toxicity
Patients were evaluated for toxicities at each visit. Five patients
(21%) experienced serious adverse events (SAEs); two were hospital-

ized for reasons unrelated to vaccine therapy; and one patient devel-
oped grade 3 diarrhea. One patient had grade 3 pain that was grade 2
pain at baseline. One patient died on day 118 but had been removed
from the study on day 63 because of progressive disease. This same
patient had grade 3 pain and hyperglycemia that was grade 1 pain and
hyperglycemia at baseline. None of the patients who received the
vaccine exhibited cardiac toxicity.

Clinical Response/Benefit

Of 24 patients who received three immunizations of the HER2
peptide vaccines (Table 1), six patients (25%) demonstrated clinical
benefit after radiologic reassessment. Only one patient (1B) was HER2
positive, whereas the others were all negative. Two patients (1A with
colon cancer and 1B with squamous cell carcinoma) had high anti-
body response and demonstrated stable disease. One patient (1D with
endometrial cancer) showed high antibody response and had a partial
response after a fourth 6-month injection. This patient received addi-
tional boosts three times yearly, and the last vaccination in May 2008
showed extended clinical benefit at 4 years after the initial vaccination.
One patient at dose level 2 (2A with adrenal cancer) produced high
antibody levels and had stable disease. Two patients with ovarian
cancer (4D, who had partial response, and 4E, who had stable disease)
produced high IgG antibody responses and had clinical benefit. Three
of the six patients received a fourth inoculation. Our results indicate
that, at dose level 4, combination vaccines (1.5 mg each) produced a
sustained, high antibody (IgG3 and IgG4) response (Figs 1 and 2)
against both MVF-316 to MVF-339 and MVF-628 to MVF-647.

Antibody Response to Peptide Vaccine and
Recombinant HER2 Protein

ELISA assays were performed to determine patient IgG antibody
responses (Table 2; Fig 1). Patients were classified as having HER2
peptide—specific antibody responses according to optical density val-
ues of 415 nm with a 1:16 dilution of serum antibodies; high response
was greater than 0.6, and intermediate response was 0.2 to 0.6. From
dose level 1 to dose level 3, three patients (50%) had high antibody
responses, and three patients (50%) had intermediate responses. At
dose level 4 (Fig 1), four patients (67%; 4A, 4D, 4E, 4F) showed high
antibody responses, whereas two patients (4B and 4C) had intermedi-
ate responses. Dose level 4 was determined to be the MTD. Impor-
tantly, the six patients in dose level 4 also elicited HER2-specific
recombinant protein antibodies, as presented in Table 3. These results
confirm that one of the combination vaccines (MVF-316 to MVF-
339) elicited pertuzumab-like antibodies.

Reactivity of peptide antibodies with the native HER2 receptor.
Binding of the peptide antibodies to the intact HER2 receptor was
evaluated by immunofluorescence staining of single-cell suspension
of BT-474. Differential binding was obtained at each dose level. In

Table 3. IgG Responses to Human Recombinant ErbB-2 Protein MBS1432470, HER-2 Sequence 1-398, by ELISA

Trastuzumab-Negative

Individual Patient OD (415 nm) Values to Human Recombinant HER2 by Patient

Serum Antibody

Control 1A 1B 1D

2A 4A 4B 4C 4D 4E 4F

OD value, 415 nm -0.2 0.589 0.786

0.225

0.419 0.23 0.86 0.427 0.695 0.361 0.468

NOTE. Individual patients A through F are in cohort 4. Results of each patient in dose level 4 (ie patients 4A through 4F) and those with a clinical response (ie,
patients 1A, 1B, 1D, and 2A) are shown, using a 1:16 dilution of patient sera. The y-axis represents the absorbance after subtracting patient presera (ie, day 1) value.
Abbreviations: IgG, immunoglobulin G; HER-2, human epidermal growth factor receptor 2; ELISA, enzyme-linked immunosorbent assay; OD, optical density.
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cohort 4, antibodies elicited by each patient bound similarly or better
to the HER2 receptor compared with the positive control (trastu-
zumab), and presera served as negative control (Fig 3). These results
demonstrate that the peptide vaccine recognized the native receptor.

Vaccine Elicits IgG3 and IgG4 Antipeptide Antibodies

All four cohorts elicited a mixture of IgG antibodies (IgG1, IgG2,
IgG3, and IgG4), with a preponderance of IgG3 and four isotopes;
with increasing dose of vaccine, the level of IgG3 increased (data not
shown, Appendix Fig A1, online only).

Antiproliferative Effects of Peptide Antibodies
The effects of the peptide antibodies on proliferation were tested
by using BT-474 cells in the presence of HRG. The patient sera were

able to inhibit proliferation of the HER2-overexpressing cell BT-474
(Fig 2A). In most of the occurrences, the difference in inhibition
between the antibodies from the presera and postsera (3 weeks after
third vaccination) was significant at dose level 4. Presera antibodies
showed some antiproliferative effects, which indicated that the pa-
tients had mounted weak immune responses to the tumors and that
vaccination has boosted that response.

HER2 Phosphorylation Inhibition

MVE-316 to MVE-339 represent a sequence overlapping
the pertuzumab-binding site and could similarly disrupt ligand-
dependent receptor complexes independent of HER2 expression. To
evaluate if the patients sera containing HER2-specific antibodies were

A
60 Patient 4A — Trastuzumab 50 1 Patient 4B — Trastuzumab 404 Patient 4C — Trastuzumab
— Pre - Pre ~ Pre
— 3y + 4w — 3y + 4w — 3y + 4w
50 40
30 A
£ 40 P ] P 2
I= M1 € 304 M1 IS
3 30- 3 3
S S o 204
20
20 A
1 -
1E 10 0
0 - 0 T T T
100 10 102 10° 104 100 10" 102 108 104 100 107 102 108 104
FL1-H FL1-H FL1-H
40 ~ i - Pati 7] i
Patient 4D — Trastuzumab 40 4 Patient 4 — Trastuzumab 407 Patient 47 — Trastuzumab
— Pre - Pre ~— Pre
— 3y + 4w — 3y + 4w — 3y + 4w
30+ 30 4
-
(%) (%)
+— +—
c c
3 201 3 20-
(&) o
10+ 10 4
0 T T T T T 0 T T T T — 1 T T T
100 10" 102 10° 104 100 10! 102 10 10 10° 10 10? 10° 10
FL1-H FL1-H FL1-H
Antibody Dependent Cellular Cytotoxicity
<
L
7
=

Fig 3. (A) Antipeptide antibodies recognize human epidermal growth factor receptor 2 (HER2). Flow cytometry was used to assess the binding capabilities of the
antipeptide antibodies of patients (4A through 4F) to HER2. Purified antibodies (50 ug) from presera and immunized sera were tested against BT-474 breast cancer
cells. Histograms contain overlays of antipresera postsera (3y + 4w) and trastuzumab. (B) Purified antipeptide antibodies cause antibody-dependent cellular cytotoxicity.
BT474 target cells were incubated with different amounts of effector cells (ie, peripheral-blood mononuclear cells) after adding 100 ng of antipeptide antibodies for
patients 4A through 4F. Trastuzumab was used as the positive control, and normal human and mouse immunoglobulin G (IgG) were used as negative controls. The
percentage cytotoxicity was calculated according to instructions provided by the reagent kit.
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able to function as dimerization inhibitors, we used a total phospho-
HER?2 ELISA. BT-474 cells were treated with serum antibodies, and
HRG was used to activate HER3 before cell lysates were captured
with an anti-HER2 monoclonal antibody and were probed with a
phospho-HER?2 antibody. Eighty-four percent of patients at dose level
4 lowered the concentration of the phosphotyrosine on BT-474 cells
(Fig 2B) by 40% to 50% compared with the HER2 phosphorylation
inhibitor AG825, which was used as the positive control.

To our knowledge, this clinical trial described here is the first male/
female trial to consist of a vaccine strategy that used two B-cell epitope
peptides, MVF-316 to MVF-339 and MVF-628 to MVF-647, in com-
bination with #n-MDP adjuvant in an oil-in-water vehicle. The major-
ity of peptide vaccines that target the HER2 oncogene have targeted
T-cell immunity by utilizing either CTL or Th-cell peptide epitopes.
The HER2 CTL epitope E75 (HER2 sequence 369 to 377) was origi-
nally identified by Fisk et al*> as an immunodominant, HLA-A2—
binding epitope recognized by tumor-associated lymphocytes of
ovarian cancer. One HER2, T-cell trial reported with the E75 peptide
in combination with granulocyte-macrophage colony-stimulating
factor showed an increase in disease-free survival.'"” The Disis group®®
has vaccinated patients with HER2-overexpressing breast cancer,
non-small-cell lung cancer, and ovarian cancers with peptide derived
from potential Th epitopes of the HER2 protein in combination with
granulocyte-macrophage colony-stimulating factor.*>*® Ninety-two
percent of patients developed T-cell immunity to the HER2 peptides.

Several preclinical studies have demonstrated that the induction
of anti-HER2/neu antibodies are both necessary and sufficient for
protection of BALB-neuT mice,””*® whereas DNA- and adenovirus-
based HER2 vaccines have shown efficacy but not protection.*”**°
Our preclinical studies underscored the importance of eliciting a hu-
moral immune response against HER2.>>** A clinical trial that used
HER?2 peptide 328 to 345—induced antibodies in patients suppressed
the phosphorylation of HER2 on tyrosine 1248.%'

We demonstrate here that the peptide vaccines elicited IgG anti-
bodies at all dose levels (data not shown; Appendix Fig A1), which
indicates that T-cell activation was provided by the promiscuous MVFE
T-cell epitope.”* Dose level 4 was determined to be the MTD dose
because of the lack of DLT and because of a significant, dose-
dependent increase in the IgG antibody response in patients com-
pared with that of dose levels 1 to 3 (Table 2).

It is important to underscore that our vaccine epitopes corre-
spond to overlapping sequences of trastuzumab and pertuzumab
binding sites that target different extracellular regions of the HER2
tyrosine kinase receptor. The crystal structure***> of HER2 with tras-
tuzumab and/or pertuzumab show that trastuzumab binds domain
IV, causes ADCC, and inhibits proliferation; conversely, pertuzumab
binds to extracellular domain II of the HER2 receptor and blocks its
ability to dimerize with other HER receptors. In this paper, we have
demonstrated that the patient sera containing HER2-specific antipep-
tide antibodies were able to recognize the native HER2 receptor, as
they bound to BT-474—expressing cells in similar fashion to trastu-
zumab (Fig 3). The sera in cohort-4 patients who experienced clinical
benefit bound to the truncated rhHER2 antigen by ELISA (Table 3;
specific for pertuzumab binding site) and were able to inhibit the
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proliferation of HER2-overexpressing cells’® (Fig 2A) as well as block
phosphorylation (Fig 2B) and, indirectly, receptor dimerization.

Although the intent of this study was not to determine the effi-
cacy, we did find evidence of preliminary activity in six patients who
had either partial response or stable disease. Interestingly, only one of
these six patients was HER2 positive as determined by fluorescent in
situ hybridization, and the remaining five patients did not overexpress
HER2. Of the six patients who demonstrated a clinical benefit, five
patients (1A, 1B, 2A, 4D, and 4E) had a strong (ie, high) antibody
response against both vaccines, whereas one patient (1C) had high and
intermediate IgG. Of significance, the two-combination vaccine that
binds a distinct site of HER2 can target both HER2-positive and
-negative patients with cancer; thus, it can synergistically inhibit the
tumorigenic growth of cancer cells by different mechanisms (e,
ADCC v dephosphorylation). However, it is difficult to infer clinical
benefit to any immune mechanisms in this study, given the small
number of patients.

In conclusion, this phase I study demonstrates that the peptide
vaccine is safe and that it elicited IgG antibodies in a population of
patients who have metastatic disease that has been heavily pretreated.
These antibodies recognize HER2 and specifically suppress its phos-
phorylation and inhibit cell proliferation. This study, to our knowl-
edge, is the first to show that a combination, B-cell epitope, peptide
vaccine can elicit antibodies that disrupt two different HER2 signaling
methods. The design of HER2-based peptides should offer safe alter-
natives, given that clinicians still face many uncertainties concerning
the optimal use of tyrosine kinase inhibitors and humanized mono-
clonal antibody therapy. The clinical benefit of this vaccine remains to
be investigated in future phase I, clinical trials.
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