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Original article

Formulation of an ovarian cancer
vaccine with the squalene-
based AddaVax adjuvant inhibits
the growth of murine epithelial
ovarian carcinomas

Purpose: Epithelial ovarian carcinoma (EQC) is the most lethal of all human gynecologic
malignancies. We previously reported that vaccination of female mice with the extracellular
domain of anti-Miillerian hormone receptor Il (AMHR2-ED) in complete Freund’s adjuvant (CFA)
generates AMHR2-ED specific immunoglobulin G (IgG) that provides prevention and therapy
against murine EQOCs. Although CFA is the “gold standard” adjuvant in animal studies, it is not
approved for human use because it often induces painful granulomas and abscesses. Thus,
the objective of this study is to identify an alternative adjuvant to CFA for use in our ovarian
cancer vaccine clinical trials.

Materials and Methods: Because it has been used successfully without serious adverse
effects in numerous human clinical trials, we selected the IgG-inducing squalene-based adju-
vant, AddaVax™, for evaluation of its ability to facilitate vaccine-induced prevention and treat-
ment of EOC in mice. To this end, we immunized female C57BL/6 mice with recombinant mouse
AMHR2-ED emulsified with either AddaVax or CFA as adjuvant and compared the results.
Results: We found that formulation of the AMHR2-ED vaccine with AddaVax adjuvant induced
high serum titers of IgG and significant inhibition of EOC growth with significantly enhanced
overall survival of mice using both prevention and therapeutic protocols. These results were
compared favorably with results obtained using CFA as an adjuvantin the AMHR2-ED vaccine.
Conclusion: Our data indicate that the AMHR2-ED vaccine formulated with AddaVax may be
used in human clinical trials and thereby serve as a novel and effective way to control human
EOC.

Keywords: Ovarian Cancer, Vaccine adjuvants, Anti-Miillerian hormone receptor Il, Tumor im-
munity

Epithelial ovarian carcinoma (EOC) is the most lethal of all gynecologic malignancies
with postmenopausal women accounting for more than 75% of all cases [1,2]. An array
of non-specific symptoms and a lack of effective biomarkers for early detection often
result in late diagnoses at advanced disease stages with high rates of disease recur-
rence and poor prognoses following current standard of care [1-7]. Thus, there re-
mains an unmet need for more effective ways to control this disease. The induction of
ovarian tumor immunity through vaccination is a promising approach and finds sup-
port from the increased overall survival observed in patients whose ovarian tumors
are infiltrated by T cells [8].
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We and others have shown that anti-Miillerian hormone
receptor type I (AMHR?2) is expressed in approximately 92%
of primary EOCs, 78% of borderline malignancies, 77%-86%
of non-EOC ovarian tumors, and 56% of malignant ascites
from grades III-IV ovarian cancers [9-12]. AMHR2 is a serine/
threonine kinase receptor homologous to type II receptors of
the transforming growth factor-beta superfamily [13]. Anti-
Miillerian hormone (AMH) is the cognate ligand of AMHR2,
and binding of AMH to the extracellular domain of AMHR2
(AMHR2-ED) signals cell cycle arrest and programmed cell
death resulting in regression of the Miillerian ducts during
male fetal development, as well as regulation of oocyte devel-
opment and control of ovarian reserve and fertility in adult
females [14,15].

In adult women, the longest AMHR2 transcript codes for a
573 amino acid protein expressed exclusively in the ovary
and consists of a 403 amino acid cytoplasmic domain (AM-
HR2-CD) that has kinase activity and a 26 amino acid hydro-
phobic transmembrane domain, both of which show extra-
ovarian expression [16]. The long ovarian-specific transcript
also codes for a 127 amino acid ligand-binding extracellular
domain (AMHR2-ED) expressed exclusively in the human
premenopausal ovary [16], and this expression drops to non-
autoimmunogenic levels in postmenopausal ovaries [17].
These ‘retired’ features of AMHR2-ED expression and protein
synthesis in normal tissues and its expression in the majority
of EOCs have led us to propose that AMHR2-ED vaccination
may provide safe and effective prevention of human EOCs
[18]. Such prophylactic vaccination for control of EOC would
be a relatively non-invasive way to control this disease partic-
ularly in high-risk women due to mutations in their BRCA1
and BRCAZ2 genes [19-21] and eventually in postmenopausal
women who account for 75% of all cases [22].

To this end, we have previously shown that AMHR2-ED
vaccination inhibits the growth of murine EOCs through the
helper function of CD4+ T cells that facilitates B cell produc-
tion of AMHR2-ED-specific immunoglobulin G (IgG) and ac-
tivation of a Bax/caspase-3 dependent programmed cell
death signaling cascade [17]. However, in our prior mouse
studies, we used complete Freund’s adjuvant (CFA) in the
formulation of our vaccine to generate a robust response to
the AMHR2-ED immunogen. Although CFA has long been
considered the “gold standard” to which all other adjuvants
are compared and has been long considered to be most use-
ful in establishing proof-of-principle in immunologic studies

in animals, its use in human vaccination is precluded due to
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its induction of unresolved chronic granulomas often associ-
ated with painful abscess formation [23-25]. Thus, we recog-
nized the need to identify an alternative adjuvant to CFA for
use in our planned human ovarian cancer vaccine clinical
trials.

To address this adjuvant issue, we selected the squalene-
based adjuvant, AddaVax, for evaluation as a potential sub-
stitute for CFA because it was developed for inducing high ti-
ter IgG responses [26]. AddaVax is a sterile oil-in-water nano-
emulsion of sorbitan trioleate in squalene oil with Tween 80
in sodium citrate buffer. It is based on the formulation of
MF59, a squalene-based adjuvant that was licensed in Eu-
rope by Novartis International AG and first used in clinical
trials 25 years ago to vaccinate over 20 million people against
influenza [27,28]. AddaVax and MF59 are virtually identical
but AddaVax has 5% squalene oil instead of the 4.3% found in
MF59 [27]. Squalene-based emulsions consistently induce
the activation of CD4+ T cells resulting in high antibody titers
[26,29] and its immune inducing properties are due to a de-
pot effect that enhances long-term persistence of antigen, re-
cruitment of antigen-presenting cells at the site of injection,
activation of CD4+ helper T cells, and subsequent production
of IgG by B cells [27]. However, squalene oil is more readily
metabolizable than paraffin oil used in the formulation of
CFA resulting in a safety profile that precludes the formation
of granulomas and has long been acceptable to the US Food
and Drug Administration (FDA) for use in human clinical tri-
als [29].

We found that a single AMHR2-ED vaccination using Ad-
daVax as adjuvant compared favorably to the use of CFA as
an adjuvant in inducing high titer IgG responses against AM-
HR2-ED and in mediating effective prevention and treatment
of murine EOCs [17]. Our results indicate that AddaVax can
substitute for CFA as adjuvant for determining efficacy of our
AMHR2-ED ovarian cancer vaccine in human clinical trials.

Generation of recombinant mouse AMHR2-ED

The DNA coding sequence of the entire 125 amino acids of
the mature native AMHR2-ED lacking the signal peptide was
used to generate the expression construct as previously de-
scribed [17] (National Center for Biotechnology Information
reference sequence: NM_144547.2; Uniprot Q8K592). To op-
timize protein folding and enhance overall yield, substitu-
tions for native codon sequences were made (Dapcel, Cleve-
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land, OH, USA), and the optimized DNA was synthesized de
novo to include an N-terminal methionine immediately fol-
lowed by a FLAG tag, and a C-terminal 6xHis tag. The 6xHis-
tagged AMHR2-ED was purified under denaturing condi-
tions using nickel-nitrilotriacetic acid affinity chromatogra-
phy (Qiagen, Valencia, CA, USA). Prior to use in vitro, the
6xHis-tagged AMHR2-ED was further purified by reverse-
phase high performance liquid chromatography. Levels of
endotoxin were determined to be <0.05 endotoxin units (<5
pg) per mg recombinant protein as previously described [17].

Mice and murine EOC cell lines

TgMISIIR-Tag (DR26) and TgMISIIR-Tag (low) transgenic
mice were generously provided by Dr. Denise C. Connolly
(Developmental Therapeutics Program, Fox Chase Cancer
Center, Philadelphia, PA, USA). Female TgMISIIR-Tag (DR26)
transgenic mice develop bilateral autochthonous EOCs due
to expression of the large T antigen (Tag) of SV40 under con-
trol of the AMHR2 promoter [30]. TgMISIIR-Tag (low) trans-
genic female mice do not develop autochthonous EOCs due
to errant transgene insertion, but these mice are immunolog-
ically tolerant to SV40-TAg and effectively serve as histocom-
patible recipients of transplantable mouse ovarian carcinoma
(MOVCAR) cells derived from the ascites fluid of TgMISIIR-
Tag (DR26) mice [31]. MOVCAR cells were cultured in
DMEM (Media Preparation Core, Cleveland Clinic, Cleve-
land, OH, USA) supplemented with 5% fetal bovine serum
(HyClone, Logan, UT, USA), 5% HEPES buffer (Sigma-Al-
drich, St. Louis, MO, USA), 2 mM L-glutamine (Thermo Fish-
er Scientific, Waltham, MA, USA), and 1% penicillin/strepto-
mycin (Invitrogen, Carlsbad, CA, USA). Colonies of transgen-
ic mice were established and maintained by breeding male
transgenic mice with wild-type syngeneic C57BL/6 females
(Jackson Laboratory, Bar Harbor, ME, USA). The MOVCAR
cells were used to develop EOCs by subcutaneous injection
into histocompatible TgMISIIR-Tag (low) transgenic female
mice. ID8 mouse ovarian surface epithelial cells were ob-
tained commercially (Sigma-Aldrich) and cultured in DMEM
(Media Preparation Core) containing 4% fetal bovine serum
(HyClone), 2 mM L-glutamine (Thermo Fisher Scientific), 1%
penicillin/streptomycin (Invitrogen), and insulin-transferrin-
sodium selenite media supplement (Sigma-Aldrich). ID8
cells develop EOCs when injected subcutaneously into
C57BL/6 female mice [32].
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Transplantable ovarian tumors and treatments

MOVCAR cells (4x10° cells) and ID8 cells (5x10° cells) were
suspended in phosphate-buffered saline for subcutaneous
inoculation in a total volume of 100 pL in the left dorsal flank
of female TgMISIIR-Tag (low) and female C57BL/6 mice, re-
spectively. For CFA-based formulation, mice were immu-
nized with a single subcutaneous injection in the right ab-
dominal flank with 200 pL of an emulsion containing 100 pg
of recombinant mouse AMHR2-ED in 100 pL of sterile dou-
ble-distilled deionized water (DDDH,0) and 100 pL of CFA
(Difco, Detroit, MI, USA) containing 200 pg of Mycobacterium
tuberculosis H37Ra. AddaVax emulsion was purchased from
Invivogen (San Diego, CA, USA; catalog #vac-adx-10) and 100
pL was suspended with 100 pL of sterile DDDH20 contain-
ing 100 pg of recombinant mouse AMHR2-ED so that the fi-
nal emulsion volume of 200 pL was injected into the abdomi-
nal flanks of female TgMISIIR-Tag (low) or female C57BL/6
mice. For prophylaxis, mice were vaccinated 15 days prior to
tumor inoculation. For therapeutic intervention, mice were
vaccinated with AMHR2-ED when tumors became palpable.
All experiments started when mice were 6-7 weeks old. Tu-
mor growth was assessed regularly using a Vernier caliper,
and the endpoint for all experiments involving transplantable
tumors was defined by a tumor measurement of 17 mm in
any direction.

Immunohistochemistry

CD3+ T cells were immunostained in 5 pm sections of forma-
lin-fixed paraffin-embedded ID8 tumor tissues using a 1:100
dilution of a primary CD3-specific rabbit monoclonal IgG an-
tibody (Abcam, Cambridge, UK; catalog #ab16669) followed
by a horse radish peroxidase (HRP)-conjugated goat anti-
rabbit IgG secondary antibody (Abcam; catalog #ab214880).
CD4+ T cells were immunostained in 5 pm sections of ovari-
an tumors by incubation with a 1:1,000 dilution of a primary
CD4-specific rabbit monoclonal IgG antibody (Abcam; cata-
log #ab183685), followed by HRP-conjugated goat anti-rabbit
IgG secondary antibody (Abcam; catalog #ab214880). Visual-
ization was achieved using the DAB substrate kit (BD Phar-
mingen, San Diego, CA, USA; catalog #550880), followed by
hematoxylin counterstaining and mounting of sections in
mounting medium (Richard-Allan Scientific, Kalamazoo, MI,
USA; catalog #4112) for examination by light microscopy.

Real-time quantitative reverse transcription-PCR
Tissues were excised and stored frozen in RNAlater Stabiliza-
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tion Solution (Invitrogen; catalog #AM7021). RNA was extract-
ed from each tissue by homogenization in TRIZOL reagent
(Invitrogen: catalog #15596026). Quantitative reverse tran-
scription-polymerase chain reaction (PCR) was performed
using SYBR Green PCR mix (Applied Biosystems, Carlsbad,
CA, USA; catalog #4309155) with gene-specific primer pairs
(Invitrogen) including mouse AMHR2-CD primers: forward,
CTGAGCCGCTGTTCCGATTTGA; reverse, ATGTTGGGGC-
GCTTCCTCTCCT; mouse AMHR2-ED primers: forward, GC-
GGGGAAGCACAAAGACACT; reverse, CCGGCCATGGGTA-
AGATTCC; mouse B-actin primers: forward, GGTCATCAC-
TATTGGCAACG; reverse, ACGGATGTCAACGTCACACT.
Relative gene expression was determined by normalization of
each gene of interest to -actin expression in each sample.

Enzyme-linked immunosorbent assays

Enzyme-linked immunosorbent assays were performed as
previously described [33]. Briefly, serum samples were taken
from vaccinated mice 8 weeks after vaccination, and after di-
luting each serum sample 1:10,000, were added into triplicate
wells onto 96-well plates pre-coated with AMHR2-ED or with
the control antigens ovalbumin (Sigma-Aldrich; catalog
#A7641-250MG), and recombinant mouse 3-casein, a protein
generated in Escherichia coli in our laboratory in a manner
similar to the generation of AMHR2-ED [33]. After complet-
ing the incubations at each step, absorbances at 405 nm were
determined according to the manufacturer’s instructions.
Isotype-specific serum antibody responses to AMHR2-ED at
1:10,000 dilutions were determined according to manufac-
turer’s instructions using the Mouse Typer Isotyping Panel
(Bio-Rad, Hercules, CA, USA; catalog #1722051).

Biostatistical analysis

Differences between mRNA expression levels were compared
using the Student ¢-test and two-way analysis of variance
(ANOVA). Differences between tumor growth curves were
compared using two-way ANOVA. Differences in mouse sur-
vival were determined by log-rank and chi-square using cor-
related samples. All experiments were repeated at least 3
times independently.

Ethics statement

All protocols for animal research met with the prior approval
of the Institutional Animal Care and Use Committee of the Cle-
veland Clinic (TACUC) in compliance with the Public Health
Service policy on humane care and use of laboratory animals.
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The issued patents are as follows: Ovarian Cancer Vaccines;
U.S. patent no., 11090284; issue date: August 17, 2021; appli-
cation no., 15/757,151; publication no., 20190134173; and fil-
ing date: September 2, 2016.

Domains of mouse AMHR2 and their gene expression in
mouse EOCs

The schematic of various domains of mouse AMHR2, includ-
ing the signal peptide, the extracellular domain (AMHR2-ED)
for binding to the cognate ligand AMH, the transmembrane
domain, and the cytoplasmic domain (AMHR2-CD) for me-
diating the kinase activity is represented (Fig. 1A). The re-
combinant AMHR2-ED with a FLAG tag at the N-terminus
and a 6xHis tag at the C-terminus was generated as previous-
ly described [17] and used as our primary immunogen (Fig.
1A, lower panel). We determined the relative gene expression
of both domains of AMHR2 (AMHR2-ED and AMHR2-CD)
in ID8 and MOVCAR murine EOC cells. We found that al-
though MOVCAR and ID8 cells express high levels of both
AMHR?2 domains, the expression levels of each domain were
consistently about twice as high in MOVCAR cells compared
to ID8 cells (Fig. 1B).

Formulation of the AMHR2-ED vaccine with AddaVax induces
high IgG responses

To determine if using AddaVax as adjuvant would induce a
robust IgG response to AMHR2-ED, we immunized 6-7-week
-old C57BL/6 female mice with 100 pg of recombinant mouse
AMHR2-ED using either CFA or AddaVax as adjuvants. Eight
weeks after immunization the serum IgG response at 1:10,000
dilution was assessed in response to AMHR2-ED and in re-
sponse to the irrelevant antigens, ovalbumin and recombi-
nant mouse -casein. We found that the absorbance obtained
using AddaVax as adjuvant was similar to the absorbance ob-
tained using CFA as adjuvant (Fig. 2A). In addition, we found
that the IgG isotype profile generated using AddaVax as adju-
vant was also similar to that obtained using CFA as adjuvant
(Fig. 2B).

AMHR2-ED vaccination using AddaVax as adjuvant is highly
effective in preventing the growth of mouse EOCs

We next examined whether AMHR2-ED vaccination using
AddaVax as adjuvant would compare favorably with the inhi-
bition of murine EOC tumor growth induced when AMHR2-

https://doi.org/10.7774/cevr.2022.11.2.163
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Fig. 1. Domains of mouse anti-Miillerian hormone receptor Il (AMHRZ) and their gene expression in mouse epithelial ovarian carcinomas (EOCs).
(A) Depiction of the different domains of the full-length sequence of the mouse AMHRZ protein indicating the signal peptide, the extracellular
domain (AMHR2-ED), the transmembrane domain, and the cytoplasmic domain (AMHR2-CD) with amino acid numbers (upper panel), and the
recombinant AMHR2-ED used as immunogen in the current study (lower panel) with a FLAG tag at the N-terminus and a 6xHis tag at the C-
terminus. (B) Quantitative reverse transcription-polymerase chain reaction analysis of the ID8 and mouse ovarian carcinoma (MOVCAR) EQC
cell lines indicating that both cell lines express AMHR2-ED and AMHR2-CD domains, but the expression of each AMHR2 domain in MOVCAR
cells was consistently about twice that of the expression levels measured in D8 cells. Error bars indicate +standard deviation.
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Fig. 2. Formulation of the anti-Miillerian hormone receptor Il (AMHR2)-extracellular domain (ED) vaccine with AddaVax induces high im-
munoglobulin G (IgG) responses. Enzyme-linked immunosorbent assay analyses show that the use of AddaVax as adjuvant when immunizing
C57BL/6 female mice resulted in (A) an antigen-specific IgG response against the AMHR2-ED immunogen, and (B) an antigen-specific IgG
isotype response similar to that obtained using complete Freund's adjuvant (CFA) as adjuvant. Sera were analyzed 8 weeks after immunization
using a 1:10,000 dilution. Error bars indicate +standard deviation.

ED vaccination incorporated CFA as an adjuvant. We found  (low) female mice significantly inhibited the growth of MOV-
that prophylactic vaccination against AMHR2-ED in CFA 15  CAR-derived tumors (p<0.001) (Fig. 3A) and significantly en-
days prior to inoculation of MOVCAR cells into TgMISIIR-Tag  hanced overall survival (p<0.0001) (Fig. 3B) when compared
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Fig. 3. Anti-Miillerian hormone receptor Il (AMHR2)-extracellular domain (ED) vaccination using AddaVax as adjuvant is highly effective in pre-
venting the growth of mouse epithelial ovarian carcinomas (EOCs). Prophylactic AMHR2-ED vaccination of mouse ovarian carcinoma (MOVCAR)
inoculated TgMISIIR-Tag (low) female mice using complete Freund's adjuvant (CFA) as adjuvant resulted in (A) significant inhibition of MOV-
CAR tumor growth and (B) significant enhancement of overall survival. Likewise, prophylactic AMHR2-ED vaccination of MOVCAR inoculated
TgMISIIR-Tag (low) female mice using AddaVax as adjuvant resulted in (C) significant inhibition of MOVCAR tumor growth and (D) significant
enhancement of overall survival. Error bars indicate +standard deviation and asterisks indicate significance.

to vaccination with CFA alone. Similarly, prophylactic vacci-
nation against AMHR2-ED formulated with AddaVax adju-
vant 15 days prior to inoculation of MOVCAR cells into TgMI-
SIIR-Tag (low) female mice significantly inhibited the growth
of the MOVCAR-derived tumors (p<0.001) (Fig. 3C) and sig-
nificantly enhanced overall survival (p<0.002) (Fig. 3D) when
compared to vaccination with AddaVax adjuvant alone.

AMHR2-ED vaccination formulated with AddaVax is highly
effective in treating mouse EOCs

The effectiveness of AddaVax may be most clearly evident in
female C57BL/6 mice that were vaccinated with either Ad-

168

daVax alone or with AMHR2-ED using AddaVax as adjuvant
after inoculated ID8 EOC cells became palpable tumors.
Such therapeutic vaccination significantly inhibited the
growth of the ID8 tumor (p<0.0001) (Fig. 4A) resulting in a
significantly enhanced overall survival (p<0.001) (Fig. 4B).

AMHR2-ED vaccination using AddaVax as adjuvant results in
infiltration of CD4+ T cells in the murine EOC tumor beds

We next examined the tumor beds of female C57BL/6 mice
175 days after inoculation with ID8 tumor cells and 168 days
after treatment of the palpable tumor with the AMHR2-ED
vaccine in AddaVax. We observed substantial infiltration of

https://doi.org/10.7774/cevr.2022.11.2.163
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Fig. 4. Anti-Miillerian hormone receptor Il (AMHR2)-extracellular domain (ED) vaccination formulated with AddaVax is highly effective in treat-
ing mouse epithelial ovarian carcinomas (EOCs). Therapeutic AMHR2-ED vaccination of ID8 inoculated C57BL/6 female mice using AddaVax as
adjuvant resulted in (A) significant inhibition of ID8 tumor growth and (B) significant enhancement of overall survival. Error bars indicate +stan-
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Fig. 5. Anti-Miillerian hormone receptor Il (AMHR2)-extracellular domain (ED) vaccination using AddaVax as adjuvant results in infiltration
of CD4+ T cells in the murine epithelial ovarian carcinoma (EOC) tumor beds. AMHR2-ED vaccination using AddaVax as adjuvant resulted in
substantial infiltration of CD3+ (arrows, bottom row, left), and CD4+ (arrows, bottom row, right) T cells compared to corresponding EOC tissues
from mice vaccinated with AddaVax alone (arrows, upper row). Tissues are representative of several examined from several different mice (tissue
magnification, x20).

CD3+ (Fig. 5, left lower panel) and CD4+ (Fig. 5, right lower  vaccinated with AddaVax alone (Fig. 5, corresponding left and
panel) T cells in the tumor beds from mice vaccinated with  right upper panel). These results were similar to our observa-

AMHR2-ED in AddaVax compared to tumor beds from mice  tions from prior studies when CFA was used as adjuvant [17].
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The current study shows that formulation of our AMHR2-ED
vaccine with AddaVax as adjuvant induces a robust IgG re-
sponse and inhibits the growth of mouse EOCs in a manner
similar to using CFA as adjuvant. Thus, our data support the
substitution of AddaVax for CFA as an adjuvant in our
planned clinical trials aimed at the prevention of EOC in
women at high genetic risk for developing EOC.

Studies have shown that 39%-44% of women with a harm-
ful BRCAI variant and 11%-17% of women with a harmful
BRCA2 variant develop ovarian cancer by 70-80 years of age
[19-21]. The availability of such high-risk populations of wom-
en with a high incidence of EOC and with the greatest need
for an EOC preventive vaccine makes it feasible to perform
such prevention trials that are very expensive to complete of-
ten because of the large numbers of test subjects needed for
enrollment and always due to the long-term follow-up need-
ed for establishing safety.

However, there are reasons other than financial feasibility
why we will be able to perform EOC prevention trials on
women with high genetic risk for this disease. First, prior
studies have shown that in normal mouse and human tis-
sues, AMHR2-ED is expressed exclusively in the premeno-
pausal ovary [16-18]. Such confined expression precludes the
development of systemic autoimmunity following vaccina-
tion with AMHR2-ED, and the only oophoritis we observed
was in young fertile mice. However, this mild ovarian inflam-
mation was transient and benign because it was observed at
4 months but not at 8 months after vaccination and had ab-
solutely no effect on ovarian function as measured by normal
fertility through four complete mating cycles [17]. Thus, AM-
HR2-ED vaccination proved to be quite safe even in young
mice that show ovarian expression of AMHR2-ED.

Second, in a recent prevention study involving women
with mutations in their BRCAI or BRCA2 genes, two preven-
tion options conforming to international guidelines [34-36]
were offered to each test subject including: (1) risk-reducing
salpingo-oophorectomy for women 35 years or older who
have completed childbearing or (2) intense surveillance in-
volving transvaginal pelvic ultrasound with serum testing for
carcinoma antigen 125 (CA-125; also known as mucin 16 or
MUCI16) every 6 months starting at age 30 years of age. The
vast majority (42 of 53 [79.2%)]) of these high-risk women
elected intense surveillance over salpingo-oophorectomy

[37]. Since most women are averse to surgical prevention
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strategies and the many adverse events associated with surgi-
cal prevention including, but not limited to, instant meno-
pause and the lasting effects of inadequate hormone replace-
ment therapy, we expect that many high-risk women for EOC
may be even more interested in intense surveillance rather
than the much more invasive salpingo-oophorectomy risk-
reducing option if AMHR2-ED vaccination accompanies the
surveillance option.

Third, the use of AddaVax as adjuvant in our AMHR2-ED
vaccine facilitates obtaining permission from the FDA to per-
form such EOC prevention clinical trials because the virtually
identical MF59 squalene-based adjuvant has been found to
have an acceptable safety profile and has been approved for
use by the FDA in numerous clinical trials including but cer-
tainly not limited to a phase II trial for prevention of cyto-
megalovirus [38], a phase III trial for prevention of influenza
virus [39], and a phase II/11I trial for prevention of HIV-1 virus
[40]. Thus, we believe that our study forms the basis for suc-
cessfully obtaining permission from the FDA to use our AM-
HR2-ED vaccine investigational new drug in human clinical
trials for providing better control of EOC.
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