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Abstract

Purpose To determine whether abagovomab induces
protective immune responses in ovarian cancer patients
in first clinical remission. The present analysis is a sub-
study of monoclonal antibody immunotherapy for malig-
nancies of the ovary by subcutaneous abagovomab trial
(NCTO00418574).

Methods The study included 129 patients, 91 in the
abagovomab arm and 38 in the placebo arm. Circulat-
ing CA125-specific cytotoxic T lymphocytes (CTL) were
measured by a flow cytometry-based interferon-y pro-
ducing assay. Human antimouse antibody and anti-anti-
idiotypic (Ab3) were assessed by ELISA. Patients were
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evaluated before starting the treatment and at different time
points during induction and maintenance phases.

Results A similar percentage of patients in both the pla-
cebo and abagovomab arms had CA125-specific CTL (26.3
and 31.8 %, respectively; p = 0.673 by Fisher’s exact test).
Patients with CA125-specific CTL in both arms tended to
have an increased relapse-free survival (RFS, log-rank test
p = 0.095) compared to patients without. Patients (n = 27)
in the abagovomab arm without CA125-specific CTL but
that developed Ab3 above the cutoff (defined as median
Ab3 level at week 22) had a prolonged RFS compared to
patients (n = 24) that did not develop Ab3 above the cutoff
(log-rank test p = 0.019).

Conclusion Abagovomab does not induce CA125-spe-
cific CTL. However, patients with CA125-specific CTL
perform better than patients without, irrespective of abago-
vomab treatment. Abagovomab-induced Ab3 associate with
prolonged RFS in patients without CA125-specific CTL.
Further studies are needed to confirm these data and to
assess the potential utility of these immunological findings
as a tool for patient selection in clinical trial.
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Abbreviations

Ab3 Anti-anti-idiotypic

Anti-1d Anti-idiotypic

CTL Cytotoxic T lymphocytes

ECD Proprietary name for Texas Red-conjugated
phycoerythrin

FITC Fluorescein

HAMA Human antimouse antibody

IFN Interferon

mAb Monoclonal antibody
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MIATA Minimal information about T cell assays

MIMOSA Monoclonal antibody immunotherapy for
malignancies of the ovary by subcutaneous
abagovomab

oC Ovarian cancer

PE Phycoerythrin

PeCy5 Cy5-conjugated phycoerythrin

PMT Photomultiplier tube

RFS Relapse free survival

SEB Staphylococcal Enterotoxin B

Introduction

Ovarian cancer (OC) is the leading cause of mortality
from gynecologic malignancies in the USA and Western
Europe. Because the disease tends to be asymptomatic in
early stages, or associated with vague, nonspecific symp-
toms, the majority of patients are diagnosed with advanced
stage disease, for which standard treatment consists in
surgery usually followed by chemotherapy with a taxane
and platinum. Despite the achievements of high response
rates, the majority of patients eventually relapse. Second-
and third-line multiagent chemotherapy usually yield low
response rates, and most of these patients ultimately die of
progressive disease [1, 2]. Given the palliative purpose of
any medical treatment of recurrent OC [3], their substitu-
tion or integration with non-cytotoxic drugs is currently
being investigated to increase response rates.

Among the novel OC treatment strategies, targeted
molecular therapies are the most appealing, as by interfer-
ing with specific molecules required for tumor development
and growth they display a greater selectivity and lower tox-
icities than traditional cytotoxic drugs. The most promising
therapies are therapies aimed at disrupting tumor angiogen-
esis and inhibiting poly-(ADP) ribose polymerase (PARP)
function [4]. Bevacizumab, a recombinant, fully humanized
monoclonal IgG antibody that binds and inactivates the
biologic activity of vascular endothelial growth factors has
already provided convincing results in phase III trials either
as monotherapy or in combination with chemotherapy for
treatment of solid tumors of epithelial origin, including OC
(for a comprehensive review, see Miyake et al. [5]). Up to
now, the most investigated PARP inhibitor in OC is olapa-
rib (AZD2281, KU-0059436) that has shown good prom-
ises in BRCA-related and certain histological subtypes of
OC. However, data from phase III studies are still immature
(for a comprehensive review, see Liu et al. [6] € ancora solo
on line Gynecol Oncol). None of these drugs have been
approved by the United States Food and Drug Administra-
tion (US FDA) for the treatment of OC. However, bevaci-
zumab has been approved in the European Union (EU) for
the treatment of OC, and AstraZeneca, which manufactures
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olaparib, has initiated two Phase III trials on olaparib in
OC. Despite this remarkable progress in OC-drug discov-
ery ameliorated the dismal clinical course of the disease,
the accumulated knowledge in cancer immunology indi-
cates that the immune system plays an essential role in host
defense against OC [7] and can be exploited for an effec-
tive therapy.

Encouraging results have been obtained in OC treat-
ment using monoclonal antibodies to CA125 [8-12], a high
molecular weight protein that is highly expressed in most
OC. However, stimulating an efficient immune response to
CA125 remains a challenge, as this protein is also expressed
on normal cells and the immune system of OC patients
is usually tolerant to this antigen. Thus, effective cancer
immunotherapy against CA125 must generate a destruc-
tive immune response despite tolerizing mechanisms that
are in place to limit self-specific immunity. According to
the idiotype network theory [13], an anti-idiotypic (anti-Id)
monoclonal antibody (mAb) represents the mirror image of
the original antibody (known as Abl) formed against spe-
cific antigens. Thus, anti-Id mAb themselves (also known
as Ab2) can act as antigens and elicit an immune response
against the nominal antigen [14]. The murine anti-Id mAb
abagovomab has been developed to mimic the epitope of
CA125 defined by the mAb OC125 [15] and used as a sur-
rogate for CA125 in tumor vaccination: In the pivotal phase
Ib/Il study, abagovomab stimulated human anti-mouse
antibodies (HAMA) and anti-Ab2 (Ab3) production in
most patients [16]. HAMA and Ab3 level was correlated
with improved outcome [16]. The ability of abagovomab
to induce HAMA and Ab3, and generate a CA125-specific
cellular immune response was then confirmed in two addi-
tional phase I studies [17, 18], in which, however, clinical
efficacy was not an endpoint. These studies supported the
purpose of a phase 2/3 randomized, double-blind, placebo-
controlled trial (Monoclonal Antibody Immunotherapy for
Malignancies of the Ovary by Subcutaneous Abagovomab,
MIMOSA). The conclusion of the trial was that abago-
vomab treatment did not translate into a prolonged relapse-
free survival (RFS) and overall survival, although abago-
vomab induced HAMA and Ab3 in all patients [19].

The aim of the present study was to assess the genera-
tion of CA125-specific cytotoxic T lymphocytes (CTLs)
and its relationship with clinical outcome in a study sample
that was a cohort of the MIMOSA trial.

Materials and methods

Study design

Present study was designed by the authors, in consultation
with the study sponsor (Menarini Ricerche s.r.l. Pomezia,
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Rome, Italy), as a prospective substudy of the MIMOSA
trial (NCT00418574) [19]. MIMOSA was a randomized,
double-blind multicenter trial of abagovomab maintenance
therapy versus placebo. Abagovomab was administered
subcutaneously in a 1-ml suspension once every two weeks
for three injections (induction phase) and then once every
four weeks for up to 21 months after random assignment
of the last patient (maintenance phase). The MIMOSA
trial was conducted in about 120 study centers distributed
in Europe and USA and included 888 patients (n = 593 in
the abagovomab arm and n = 295 in the placebo arm, ratio
2.01) with epithelial ovarian, primary peritoneal, or fallo-
pian tube cancer in first complete clinical remission. The
primary endpoint was RFS; secondary endpoints were OS
and immunologic response. The present substudy included
all the patients enrolled at the 18 Italian study centers
(n = 129 patients, 91 in the abagovomab arm and 38 in the
placebo arm, ratio 2.31). The endpoint of the substudy was
to assess the ability of abagovomab to induce CA125-spe-
cific IFN-y producing CD8" T cells (thereafter referred to
as CA125-specific CTL) and the association of the immu-
nologic response to RFS (calculated as time from randomi-
zation to documented recurrence). A total of 579 samples
(407 from the abagovomab arm and 172 from the placebo
arm) were analyzed. Characteristics of patients included in
this substudy mirrored those of patients in the MIMOSA
study [19].

CA125-specific CTL

CA125-specific CTL were assessed before starting the
treatment and then at weeks 4, 10, 22, 34, 58, and 94,
and at final visit. Blood (5-12 ml) was collected at each
study site by venipuncture in Na-heparin tubes and stored
at room temperature, and the length of time from blood
draw to sample delivery to the central lab never exceeded
48 h (median 24 h). Samples were immediately processed
upon delivery to optimize cell viability and response to
the activation. IFN-y production was assessed by follow-
ing the protocol originally delineated by Waldrop with
modifications [20, 21], and the procedure detailed in the
data sheet of the Fastimmune CDS8 Intracellular Cytokine
Detection Kit (BD Biosciences, Mountain View, CA).
Briefly, peripheral blood mononuclear cells (PBMC) were
obtained by density gradient centrifugation [21]. Median
yield was ~1 x 10® PBMC/ml of whole blood. Cell count-
ing was performed using a Z2 cell counter (Beckman
Coulter, Hialeah, FL). At least 5 x 10° cells were stimu-
lated with CA125 (5,000U/ml) or Staphylococcal Entero-
toxin B (SEB, 200 ng/ml; Sigma) and the costimulatory
monoclonal antibodies (mAbs) anti-CD28 and anti-CD49d
(Fastimmune CD28/CD49d, BD Biosciences) for an initial
2-h period in complete RPMI-1640 medium supplemented

with 1 % pooled human AB serum in a humidified incuba-
tor at 37 °C, 5 % CO, (Sigma). AB serum was from a sin-
gle lot pretested for toxicity on SEB-stimulated PBMC. A
sample was stimulated with CD28/CD49d cocktail alone.
Brefeldin A (Sigma) was then added (10 pg/ml) to inhibit
the secretion of newly synthesized cytokine, and incubation
was continued for an additional 4 h. Next, activated PBMC
(about 4 x 10° cells in each experimental condition) were
fixed with BD Cytofix (BD Biosciences) and cryopre-
served in 100 pl of the BD Cytofix buffer at —80 °C for
up to 5 weeks. This allowed for the postponement of stain-
ing and flow cytometry run, while avoiding the freezing
and thawing of cells before activation. With this approach,
it was possible to improve functional preservation of cells
and measure cell response to the various stimuli under
comparable terms and conditions in each sample at a given
time point. As detailed below, this strategy was essential
in obtaining the clearest possible definition of positive and
negative signals in the flow cytometry analyses. Due to the
labor- and time-intensive step of IFN-y determination, the
various time points of a given patient could not be analyzed
in one single experiment.

Activated PBMC were thawed, washed, and permeabi-
lized using BD FACS Permeabilizing Solution (BD Bio-
sciences). PBMC were then stained for membrane and
intracellular antigens. MAbs used were: FITC-labeled anti-
CD69, PE-labeled anti-IFN-y, PeCy5-labeled anti-CDS8
(all from BD Biosciences), and ECD-labeled anti-CD3
(Beckman Coulter). Each lot of mAbs was titrated to opti-
mize signal-to-noise ratio and improve consistency. Flow
cytometer was a 6-parameter (2 scatter and 4 fluorescence
signals) EPICS-XL (Beckman Coulter). The PMT voltages
were adjusted using single-color-stained cells. For PE-
fluorescence signal, a PE-labeled CDS instead of the anti-
IFN-y mAb was used. The mean background fluorescence
was set at ~the middle of the first logarithmic decade. The
assays were performed by two trained technicians through-
out the course of the study. Flow cytometry analyses were
conducted by two independent observers to limit the impact
of the investigator’s interpretation on flow data. List mode
data were analyzed using Expo 32™ (Beckman Coulter)
software as follows:

1. Forward and side scatter signals served to establish
the anchor gate on lymphocytes and exclude debris and
aggregates.

2. Starting with the anchor gate on scatter signals, CD8*"
T cells were identified on a dual fluorescence bivariate dot
plot and gated.

3. The proportion of CD8" T cells that were
CD69TIFN-y* was visualized on a dual fluorescence
bivariate dot plot using the sample stimulated with CD28/
CD49d cocktail and SEB. This is the sample that contains
the highest number of CD691IFN-y™ cells and, therefore,

@ Springer



1040

Cancer Immunol Immunother (2014) 63:1037-1045

104 104

3.49
103 1 103+

1024

104

0.04 0.45

103

101_:::.

1014 %

2

2

2

2
3
3
2

2

CD69

Fig. 1 Representative dot plots depicting the method to identify
CA125-specific CTL as CD8" T cells staining positively for CD69
and IFNy. Dot plots show CD69/IFNY intracellular staining in CD8"
T cells stimulated with CD28/CD49d cocktail and SEB (left plot),
CD28/CD49d cocktail alone (middle plot) and CD28/CD49d cocktail

the one in which the quadstat markers are most easily set
by visual inspection (Fig. 1 left plot).

4. Points 1-3 are repeated using the sample stimulated
with CD28/CD49d cocktail alone. The quadstat markers
between CD69 IFN-y~and CD69TIFN-y* CD8' T cells
are kept identical to those of the sample that was stimulated
with CD28/CD49d cocktail and SEB. The proportion of
CD69'IFN-y* CD8™ T cells is measured and taken as the
background value (Fig. 1, middle plot).

5. Point 4 was repeated for the sample stimulated with
CA125 so as to visualize the proportion of CD69TTFN-y*
CD8™ T cells (Fig. 1 right plot).

6. The proportion of CD69TIFN-y™ CD8' T cells
assessed as described in point 4 is subtracted from the pro-
portion of CD69'IFN-y* CD8™ T in the CA125 stimulated
sample (point 5), and the result taken as the final indicator
of CA125-specific IFN-y production.

Samples showing evident abnormalities in light-scat-
tering characteristics and/or that produced a proportion of
CD69'IFN-y* cells upon stimulation with CD28/CD49d
cocktail and SEB < to that produced upon stimulation with
CD28/CD49d cocktail alone were rejected. Absolute num-
bers of peripheral blood CD69TIFN-y* CD8" T cells were
calculated using the total lymphocyte count determined
with an automated hematology analyzer.

The intracellular cytokine assay was an investigative
assay that was performed using internal standard operating
procedures (SOPs) and conducted by well-trained person-
nel with more than 4 years’ experience in a laboratory that
operated under the principles of good laboratory practices.
Standardized SOPs describing assay performance, data
evaluation and storage were applied.
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and CA125 (right plot). Quadstat cursors are set by visual inspection
in the left plot and kept identical in the middle and right plots. The
frequency of double-positive CD69/IFNy CD8™ T cells is reported in
the upper right quadrant in each plot

Humoral immune response

HAMA and Ab3 assessment has been described in a previ-
ous publication [19]. Sera collected at baseline and various
time intervals after abagovomab treatment were assayed for
HAMA and Ab3.

Statistical analysis

All analyses and tables were produced using Microsoft
Excel 2010 and Statistica version 7.1. RES curves were cal-
culated using the Kaplan—Meier method. Statistical differ-
ences between curves were tested using the log-rank test.
p values <0.05 were considered significant. The generated
raw data can be provided on request.

Results
CA125-specific CTL and association with clinical outcome

An empirical threshold for CA125-specific CTL was
defined ad hoc at the 90th percentile level of CA125-
specific CTL count distribution obtained from the cumu-
lated measurements performed in patients from the
abagovomab and the placebo arm (n = 129) at all time
points (Fig. 2 a, b, respectively). Under this criterion,
the threshold for CA125-specific CTL response was
0.410 x 10° cells/I. Patients with a CA125-specific CTL
count above this value at least at one time point through-
out the study were defined as having CA125-specific
CTL.



Cancer Immunol Immunother (2014) 63:1037-1045

1041

Fig. 2 Scatterplot of individual
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The frequency of patients having CA125-specific CTL
was 31.8 % (28 out 88 patients analyzed) in the abago-
vomab arm and 26.3 %, in the placebo arm (10 out of 38
patients analyzed). The difference was not statistically
significant (Fisher’s exact test; p = 0.673), indicating that
abagovomab does not induce CA125-specific CTL.

The observation that a sizeable proportion of patients
had spontaneously arising CA125-specific CTL prompted
us to explore whether CA125-specific CTL would associ-
ate with a favorable clinical outcome in patients, irrespec-
tive of abagovomab treatment. Thus, patients from both
study arms were grouped and subdivided according to the
presence/absence of CA125-specific CTL (patients with
CA125-specific CTL n = 38; patients without n = 88).
When we constructed Kaplan—Meier plot of the RES of the
groups classified by presence/absence of CA125-specific

CTL, there was a survival difference, although this was of
no statistical significance (Fig. 3, log-rank test p = 0.095).

Humoral immune response and association with clinical
outcome

Median baseline value (0 ng/ml) of HAMA in patients in
the abagovomab (Fig. 4a) and the placebo arm (not shown)
was identical. All patients in the abagovomab arm (n = 91)
showed at least one posttreatment value higher than base-
line, whereas only 2 of the 38 patients (5.2 %) evaluated
in the placebo arm showed detectable HAMA levels,
which did not exceed 300 ng/ml at any visit. HAMA lev-
els increased in most abagovomab-treated patients by the
first visit of immunologic evaluation (week 10) and pla-
teaued by week 58 in all patients (Fig. 4a). In previous
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Fig. 3 Kaplan—Meier estimates for RFS according to the presence
(interrupted line) or absence (continuous line) of CA125-specific
CTL

publications [8-10], a HAMA cutoff level greater than
5,000 ng/ml defined a clinically relevant immune response.
Here the cutoff level was set at 7,455 ng/ml. This cutoff
was selected because it was the median value observed at
week 22, the first visit after the start of the maintenance
phase (Fig 4a). HAMA levels above the cutoff did not iden-
tify patients with a favorable clinical outcome (log-rank
test, p = 0.718; data not shown).

Median baseline value (0 ng/ml) of Ab3 in patients
in the abagovomab (Fig. 4b) and the placebo arm (not
shown) was identical. All patients (n = 91) in the abago-
vomab arm showed at least one posttreatment value higher
than baseline (Fig. 4b), whereas low level Ab3 (below
15,600 ng/ml at any visit) were detected in 7 of the 38
patients (18.4 %) in the placebo arm. Ab3 levels increased
in most abagovomab-treated patients by the first immuno-
logic evaluation (week 10) and plateaued by week 58 in all
patients (Fig. 4b). There is not an established consensus in
defining a cutoff for the Ab3 response [10, 11]. Thus, the
cutoff was set at the median Ab3 level observed at week
22 (447,500 ng/ml, Fig. 4b), in analogy with HAMA.
Ab3 levels above the cutoff did not identify patients with
a favorable clinical outcome (log-rank test p = 0.430; not
shown).

Association of immune responses and clinical outcome

As alluded to above, about 30 % of patients had CA125-
specific CTL, irrespective of abagovomab treatment, and
tended to perform better than patients without (Fig. 3).
Thus, we hypothesized the induction and potential benefit
of humoral immune response should be best examined in
patients that are homogenous in terms of CA125-specific
CTL. By this approach, we observed that the frequency
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of patients with HAMA levels above cutoff was 37.5 %
(n =9) and 54.9 % (n = 28) in the group with (n = 24)
and without (n = 51) CA125-specific CTL, respectively,
and HAMA levels above cutoff were not associated to
the outcome in either group (log-rank test p = 0.228
in patients with CA125-specific CTL; log-rank test
p = 0.226 in patients without CA125-specific CTL, not
shown). The frequency of patients with Ab3 levels above
the cutoff was 50.0 % (14 out of 28) and 52.9 % (27 out
of 51) in the group with and without CA125-specific
CTL, respectively. In analogy with HAMA, patients with
CA125-specific CTL that developed Ab3 levels above
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the cutoff did not show a survival advantage compared to
patients that developed Ab3 levels below the cutoff (log-
rank test p = 0.11, not shown). Conversely, patients with-
out CA125-specific CTL that developed Ab3 levels above
cutoff had a significantly improved RFS compared to
patients that developed Ab3 levels below the cutoff (log-
rank test p = 0.019, Fig. 5a). Patients without CA125-
specific CTL that developed Ab3 levels above cutoff also
tended to perform better than patients without CA125-
specific CTL in the placebo arm (log-rank test; p = 0.089;
Fig. 5b). Collectively, these data suggested a protective
effect of a robust abagovomab-induced Ab3 response
when CA125-specific CTL are absent. However, a robust
abagovomab-induced Ab3 response did not confer a sur-
vival advantage in patients with CA125-specific CTL
(log-rank test p = 0.110, not shown), possibly reflecting
insufficient statistical power to detect statistically signifi-
cant improvements in patients with a relatively good clini-
cal outcome.

Discussion

The main purpose of this study was to assess the occur-
rence and clinical relevance of treatment-emergent pro-
tective CA125-specific CTL in a subgroup of OC patients
included in the MIMOSA trial, a randomized, double-blind
multicenter trial of abagovomab maintenance therapy ver-
sus placebo, including patients with epithelial ovarian, pri-
mary peritoneal, or fallopian tube cancer in first complete
clinical remission [19]. We found that an almost identi-
cal proportion of patients in the abagovomab and placebo
arms (~30 %) had CA125-specific CTL, demonstrating
that abagovomab treatment fails to induce CA125-specific
CTL. This observation contrasts with the conclusions of
original phase I studies in which abagovomab did evoke
CA125-specific CTL [17, 18]. We cannot explain the
basis for differences between our study and those of oth-
ers. Small sample size, patient heterogeneity, presence of
comorbidities, and variation in sampling might have con-
tributed to the inconsistency. We believe, however, that
the most probable reason for the discordance is the lack of
discrimination between treatment-emergent and spontane-
ously arising CA125-specific CTL, as those earlier studies
were not placebo-controlled.

The presence of a sizeable proportion of OC patients
with CA125-specific CTL irrespective of abagovomab
treatment indicated that OC induces a measurable cellular
immune response. These spontaneously arising CA125-
specific CTL confer a certain degree of protection from
relapse, as patients with CA125-specific CTL overall had
a better RFS than patients without, in line with the notion
that CTL found in tumor lesions in OC patients represents
a favorable prognostic factor [7].

In accord with previous work, we report that abago-
vomab is able to induce HAMA and Ab3 in all patients
[19]. The clinical relevance of abagovomab-induced
HAMA and Ab3 is a topic of some controversy: HAMA
and Ab3 have been deemed able to identify patients with
an improved clinical outcome [16] and, conversely, have
been considered as a mere biomarker of ability to mount
a humoral immune response [18, 19]. Thus, we hypothe-
sized that part of the controversy might reflect the inabil-
ity of detecting a protective role of abagovomab-induced
humoral immune response in cohorts of patients containing
individuals with different risks of recurrence, i.e., patients
with and without spontaneously arising CA125-specific
CTL. Thus, we stratified patients in the abagovomab arm
according to the presence/absence of CA125-specific CTL
and examined the relationship between humoral immune
response and outcome in these two groups. Using this strat-
egy, we demonstrated that patients without CA125-specific
CTL who met the predefined criteria for robust, treatment-
emergent Ab3 response had a better outcome. Remarkably,
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the outcome of these patients was similar to that of patients
with CA125-specific CTL in the abagovomab and placebo
arms, suggesting that a robust Ab3 response is in fact pro-
tective in the absence of CA125-specific CTL. Ab3 repre-
sent the antibody response to idiotypes within the variable
region of abagovomab, including the primary target, i.e.,
CA125 [15]. We may infer that Ab3 may have mediated
complement- and cell-dependent lysis of target cells [13],
resulting in a direct tumor destruction independent of CTL
activity. Additionally, Ab3-mediated tumor cell destruc-
tion may also have induced CTL that specifically recog-
nized tumor epitopes other than CA125-derived ones, as
proposed in other clinical settings [22] thereby minimizing
immune escape. These CTL with a broad antitumor activity
went undetected in our test that was designed to exclusively
recognize CA125-specific CTL.

In conclusion, this study does not confirm that abago-
vomab treatment elicits a cellular immune response to
CAI125, contrary to the expectations [17, 18]. However,
our study suggests that patients who are not protected by a
spontaneous CA125-specific CTL might have some advan-
tage from abagovomab treatment through the development
of a robust Ab3 response. The present study has some
limitations due to the small sample size and the absence of
covariate analysis for the OC validated prognostic factors;
therefore, these data have to be confirmed in a larger popu-
lation. In addition, further evaluations are needed to eluci-
date the role of the specific humoral response in this setting
and to make these immunological findings a selection tool
for future clinical trials.
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