Cancer Immunology, Immunotherapy (2020) 69:383-397
https://doi.org/10.1007/500262-019-02456-z

ORIGINAL ARTICLE q

Check for
updates

Translational immune correlates of indirect antibody immunization
in a randomized phase Il study using scheduled combination therapy
with carboplatin/paclitaxel plus oregovomab in ovarian cancer
patients

Alessandra Battaglia' © - Alexia Buzzonetti? - Marco Fossati? - Giovanni Scambia’? - Andrea Fattorossi? -
Madi R. Madiyalakan? - Yolanda D. Mahnke* - Christopher Nicodemus®

Received: 6 May 2019 / Accepted: 13 December 2019/ Published online: 3 January 2020
© Springer-Verlag GmbH Germany, part of Springer Nature 2020

Abstract

The standard-of-care (SOC) first-line therapy for ovarian cancer (OC) patients is plagued with high relapse rates. Several
studies indicated the immune system’s prominent role changing the disease course in OC patients. Chemo-immunotherapy
regimens, currently being explored, include oregovomab, which is a monoclonal antibody specific for the OC associated
antigen carbohydrate/cancer antigen 125 (CA125) that yielded promising results when administered together with SOC in
a previous study. The QPT-ORE-002 multi-site phase II randomized study demonstrated that in patients with advanced OC,
oregovomab combined with first-line SOC improved overall and progression-free survival, compared to SOC alone. The
study included an Italian cohort in which we demonstrated that adding oregovomab to SOC resulted in increased patient
numbers with amplified CA125-specific CD8*T lymphocytes/ml peripheral blood counts, which might explain the improved
therapeutic effect of SOC + oregovomab over SOC alone. Predictive for oregovomab efficacy was a less suppressive immune
environment at baseline as indicated by low numbers of circulating myeloid-derived suppressor cells, subset type 4, and a
low neutrophil-and-monocyte to lymphocyte ratio.
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Introduction

Cytoreduction followed by chemotherapy with platinum
and taxane is the mainstay of ovarian cancer (OC) treat-
ment, although neo-adjuvant chemotherapy is alternatively
attempted in an increased number of cases. Despite initial
high response rates, 50% of tumors recur within 2 years
and no curative relapse therapy exists. Thus, new therapies
are urgently needed.

Several studies indicated the immune system’s promi-
nent role changing the disease course in OC patients. In
a seminal study, tumor-infiltrating lymphocytes (TILs)
were strongly associated with favorable clinical outcomes
[1]. This observation was confirmed in subsequent stud-
ies, which further identified CD8*T lymphocytes and
regulatory CD4*T lymphocytes (Treg) among TILs as
crucial anti-tumor immune response effectors and inhibi-
tors, respectively [2—6]. Despite this strong rationale for
the immunotherapeutic OC treatment, a recent systematic
review reported no successful OC immunotherapeutic
approaches established to date [7].

Oregovomab (formerly OvaRex) is an investigational
drug designed as an “indirect immunizer” for immuno-
therapeutic OC treatment. The active component is the
murine monoclonal antibody (MAb) B43.13, an IgGlx
immunoglobulin that binds to the carbohydrate/cancer
antigen 125 (CA125) with high affinity (1.16x 10'%/M) [8,
9]. CA125 (also known as mucin 16) is a cancer-associated
surface glycoprotein expressed in the majority of advanced
epithelial OCs [10]. Elevated levels of soluble CA125 are
present in the serum of approximately 80% of women with
advanced epithelial OC.

Oregovomab binds to CA125 in the blood and local
tissues. Immune complex formation with circulating
CA125 occurs within 30 min of injection [11]. Antigen
processing of the immune complexes enables cross pres-
entation of CA125 peptides and enhances cellular immune
responses. A phase III clinical trial of oregovomab main-
tenance mono-immunotherapy following standard-of-care
(SOC) frontline chemotherapy failed to demonstrate clini-
cal efficacy [12]. This may be related to minimal circu-
lating tumor antigen and minimal apoptotic tumor tissue
available for interaction with oregovomab in a mainte-
nance setting. This contrasts with frontline combination
chemo-immunotherapy. In a randomized, phase II clini-
cal trial of oregovomab combined with SOC as frontline
chemo-immunotherapy in advanced OC patients [13],
oregovomab was administered in alternative schedules.
Patients, infused simultaneously with SOC and orego-
vomab, demonstrated enhanced CA125-specific cellular
immune responses, as well as improved overall clini-
cal results relative to patients infused with oregovomab
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1-week-after SOC [13]; the 12-month estimates for pro-
gression free survival were 89% and 60% in the simul-
taneous vs the 1-week-after SOC oregovomab treatment,
respectively [13].

Thus, oregovomab requires being administered simul-
taneously with SOC [13] and in a frontline rather than in
maintenance settings [12] to show benefit. Remarkably,
oregovomab demonstrated a well-tolerated safety profile
in the maintenance and in the frontline settings [12, 13].

The phase II randomized international clinical trial
QPT-ORE-002 was conducted to further explore and opti-
mize the frontline oregovomab chemo-immunotherapy of
OC relative to an SOC control. While the preliminary
clinical results of the trial have been reported elsewhere
[14], the present report presents the translational study
of immune parameters including CA125-specific cellular
immune responses and exploration of immune suppression
markers in a subset of patients.

Immunotherapy and vaccine efficacy relies on a func-
tional immune system [15]. We explored two key drivers
of immune evasion, the myeloid-derived suppressor cell
(MDSC) and Treg pathways, thought to hamper the gen-
eration of effective anti-tumor T lymphocyte responses
and to correlate with clinical outcomes in cancer immu-
notherapy studies [15-17]. Both of these cell populations
are influenced by several tumor-released factors [18-23]
and limit the immune response by promoting immunologi-
cal tolerance.

Additionally, we explored the baseline neutrophil-and-
monocyte-to-lymphocyte ratio (NMLR), because several
studies suggested that relative proportions of circulating
leukocyte populations may be general immunosuppressive
status indicators and are, therefore, associated with poor
outcomes in several malignancies [24-26] including OC
[27-30].

Materials and methods
Patient eligibility criteria

Patients with documented pre-operative CA125 serum lev-
els greater than 50 U/ml were enrolled at six Italian insti-
tutions (Supplementary Table 1) from December 2011 to
January 2015. Patients with stage III/IV epithelial adeno-
carcinoma of ovarian, fallopian tube or peritoneal origin,
optimally debulked to RT <1 cm (40 patients RT =0 and
41 patients RT <1 cm) were scheduled to start frontline
SOC therapy within 6 weeks after surgery. Additional
inclusion/exclusion criteria have been detailed previously
[14]. Table 1 provides patient cohort characteristics.
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Table 1 Demographics

: > Parameter Statistics SOC + orego- SOC alone (N=42) Overall (N=381)
apd ba§ellne characterlstlc.s vomab (N=39)
(intention-to-treat population)
Race
Caucasian n (%) 39 (100.0) 42 (100.0) 81 (100.0)
Tissue origin
Ovaries n (%) 35 (89.7) 38 (90.5) 73 (90.1)
Fallopian tubes n (%) 3(7.7) 2(4.8) 5(6.2)
Peritoneum n (%) 0 1(2.4) 1(1.2)
Missing n (%) 1(2.6) 1(2.4) 2 (2.5)
Baseline ECOG performance status®
0 n (%) 33 (84.6) 41 (97.6) 74 (91.4)
1 n (%) 6 (15.4) 1(24) 7 (8.6)
2 n (%) 0 0 0
3 n (%) 0 0 0
4 n (%) 0 0 0
FIGO stage at screening
III (subclass unknown) n (%) 0 2(4.8) 2(2.5)
A n (%) 3(7.7) 3(7.1) 6(7.4)
111B n (%) 7(17.9) 1(2.4) 8(9.9)
Ic n (%) 24 (61.5) 33 (78.6) 57 (70.4)
v n (%) 5(12.8) 3(7.1) 8(9.9)
Residual disease status
RT=0 n (%) 22 (56.4) 18 (42.9) 40 (49.4)
RT<1 n (%) 17 (43.6) 24 (57.1) 41 (50.6)
Age (years)® Mean (SD) 56.2 (11.56) 56.3 (9.68) 56.3 (10.56)
Median 57.0 56.5 57.0
Min, max 37,78 38,74 37,78
Weight (kg) Mean (SD) 61.3 (13.69) 61.6 (13.25) 61.0 (13.38)
Median 60.0 57.0 59.0
Min, max 39.0, 115.0 43.0,99.0 39.0, 115.0
Height (cm) Mean (SD) 160.9 (5.69) 160.1 (6.51) 160.5 (6.11)
Median 160.0 160.0 160.0
Min, max 151, 180 146, 172 146, 180

40=Fully active, able to carry on all pre-disease performance without restriction. 1 =Restricted in physi-
cally strenuous activity but ambulatory and able to carry out work of a light or sedentary nature. 2= Ambu-
latory and capable of all self-care but unable to carry out any work activities. Up and about more than 50%
of waking hours. 3 =Capable of only limited self-care, confined to bed or chair more than 50% of waking
hours. 4 =Completely disabled. Cannot carry out any self-care. Totally confined to bed or chair

b Age (years) = (randomization date—date of birth + 1)/365.25

Study design

QPT-ORE-002 is a multi-site phase II randomized study
of SOC vs SOC + oregovomab in patients with advanced
OC. Briefly, six cycles of SOC were intravenously admin-
istered at 3-week intervals. In the chemo-immunotherapy
arm, oregovomab (2 mg in 52 ml) was infused over 20 min
following sequential paclitaxel and carboplatin infusions
at cycles 1, 3, and 5 and as a maintenance dose at cycle
5+ 12 weeks. The primary study endpoint was to evaluate
as a surrogate marker of clinical efficacy, a CA125-specific
T cell response based on an interferon (IFN)-y ELISPOT

assay. Secondary endpoints included: safety, time to clini-
cal progression (time period from randomization to date
of confirmed relapse based on clinical, radiologic, and/or
pathologic evaluations), relapse-free survival (RFS; time
to clinical progression, death from any cause or censored
at last disease assessment), overall survival (OS; observed
length of life from randomization to death or censored at the
date of last contact), and for this Italian cohort, an analysis
of CA125-specific CD8*T lymphocyte induction based on
intracellular cytokine staining (ICS) as a potential predictor
of efficacy. Not all patients could be studied for all immu-
nological parameters because of a low yield of blood cells
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following chemotherapy. The treatment extended from ran-
domization to 10 weeks post cycle 6 or to disease relapse if
earlier, and a regular patient follow-up took place for up to
3 years from treatment exit to determine RFS and OS.

Cell samples

Peripheral blood (42 ml) was drawn at baseline, cycle 5
and cycle 5+ 13 weeks and sent at room temperature to the
central laboratory (Immunology Laboratory at the Univer-
sita Cattolica del Sacro Cuore, Rome, Italy) within 24 h.
Peripheral blood mononuclear cells (PBMC) were isolated
by Ficoll-Hypaque gradient centrifugation [31]. Excess
(> 15%) PBMC-contaminating granulocytes were elimi-
nated by magnetic sorting using CD15 microbeads (Milte-
nyi). Monocytes were separated from lymphocytes by mag-
netic sorting of PBMC using CD14 microbeads (Miltenyi)
yielding monocytes (>95% purity) and lymphocytes (>90%
purity). Purified monocytes and lymphocytes were cryopre-
served in liquid nitrogen for subsequent analyses.

CA125 and MAb-B43.13 for DC pulsing

Pyrogen-free sterile MAb-B43.13 and CA125 were provided
by the sponsor (OncoQuest). CA125/MAb-B43.13 immune
complex (hereafter referred to as IC) was prepared by incu-
bating 5000 U/ml CA125 and 50 pg/ml MAb-B43.13 at
room temperature for 60 min and was immediately used at
a final 1:10 dilution.

Intracellular cytokine staining

Monocytes obtained at the three study timepoints were
thawed, pooled per patient, and cultured as described pre-
viously for 6 days to differentiate them into immature DC
(iDC) [32]. The iDC were then pulsed at 37 °C for 4 h with
either 500 U/ml CA125, 5 pg/ml MAb-B43.13 or IC. An
iDC aliquot was left unprimed. iDC maturation was induced
by culturing cells overnight in the presence of 10 ng/ml each
of tumor necrosis factor-a (Genzyme), IL-6 (Genzyme)
and IL-1B (Genzyme). Pulsed and unprimed mature DC
(mDC) were harvested and counted. Corresponding autolo-
gous lymphocytes obtained at each time point of the study
were thawed and cultured with either pulsed or unprimed
mDC (20:1) at 37 °C for 18 h. IFN-y production by lym-
phocytes incubated with the staphylococcal enterotoxin B
(SEB) in the presence or absence of unprimed autologous
mDC served to monitor viability and to set the threshold
for IFN-y detection [31]. Cells were harvested and stained
with anti-CD8"*? (clone RPA-T8, BD-Biosciences), fixed
and permeabilized with the BD-Fastimmune intracellular
cytokine detection kit (BD-Biosciences) and subsequently
stained with anti-CD69TC (clone FN50, BD-Biosciences),
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anti-CD3ECP (clone UCHT1, Beckman Coulter) and anti-
IFN-y"E (clone B27, BD-Biosciences) for 30 min.

MDSC and Treg

Several studies established the prognostic value of MDSC
subsets in a variety of solid malignancies [33-35]. We
focused on the MDSC4 subset (CD14*HLA-DR'*"") as it
correlates with efficacy to anti-tumor immunotherapy [36,
37]. MDSC4 were identified using anti-CD14"T¢ (clone
FWKW-1, Exalpha) and anti-HLA-DRPE“F% (clone G46-
6, BD-Biosciences).

Treg were identified using anti-CD25FF (clone 2A3,
BD Bioscience), anti-CD3""? (clone UCHT1, BD-Bio-
sciences), anti-CD1275TC (clone ebioRDRS5, eBioscience)
and anti-CD4FCP (clone SFCI12T4D11, Beckman Coulter)
[38, 39].

Flow cytometry

Flow cytometry analysis was performed using a six-parame-
ter EPICS-XL cytometer and Expo 32™ software (Beckman
Coulter). The frequency of IFN-y producing (IFN-y*) CD8*
T lymphocytes was determined, as depicted in Supplemen-
tary Fig. 1. Spontaneous IFN-y production was assessed
following incubation with unprimed mDC and subtracted
from patient- and timepoint-matched data. Absolute counts
of IFN-y* CD8™" T lymphocytes were calculated multiplying
the percentage of IFN-y* CD8* T lymphocytes within total
lymphocytes by the total lymphocyte count.

The frequency of MDSC4 was determined, as depicted
in Supplementary Fig. 2. MDSC4 absolute counts were cal-
culated multiplying the percentage of MDSC4 by the total
monocyte count, when available.

Treg were identified as CD3* CD4* CD25d%m/bright
CD127'°%"¢¢ a5 illustrated in Supplementary Fig. 3. Abso-
lute Treg counts were calculated multiplying the Treg fre-
quency within lymphocytes by the total lymphocyte count.

White blood cell counts and differentials were recorded
as part of patients’ follow up at each study site.

Neutrophil-and-monocyte-to-lymphocyte ratio

The trial database contains information on total leukocyte
and lymphocyte counts for 71 patients (36 patients and 35
patients in the SOC + oregovomab and SOC alone arm,
respectively). We derived the baseline (i.e., after primary
debulking surgery and just before starting treatment) com-
bined neutrophils-and-monocytes (NM) number, subtract-
ing lymphocyte counts from corresponding total leukocyte
counts. The NM-to-lymphocyte ratio (NMLR) was com-
puted as follows: NMLR =NM count/lymphocyte count.
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Statistics

Because normality of distribution and homoscedasticity
were not verified, the nonparametric Mann—Whitney U
test was used (Statistica version 7.1) to verify that baseline
immune biomarker values between the two study arms did
not differ (Table 2).

Differences in changes between timepoints (baseline
to cycle 5, cycle 5 to cycle 5+ 13 weeks, and baseline
to cycle 5+ 13 weeks) in the two arms were assessed by
repeated measure analysis of variance (ANOVA). Only
patients with corresponding data for paired timepoints
were included in each comparison, leading to varying sam-
ple sizes for each comparison. A least-squares estimate of
the means from the repeated ANOVA and the correspond-
ing standard error were calculated, using the assumption
that variabilities between timepoints were similar. Since
this was considered an exploratory dataset, this assump-
tion was not verified. Comparisons were only performed,
where > 10 samples were available in paired sample sets
(cohorts and timepoints). Due to the many comparisons
performed on low sample numbers, for this assay, p val-
ues <0.01 were considered significant.

Cutoff values were calculated by the online application
Cutoff Finder (http://molpath.charite.de/cutoft/) [40]. We
selected optimal cutoffs as the most significant (log-rank
test) splits based on OS data. The optimal cutoff for IFN-
y*CD8*T lymphocytes/ml was determined calculating OS
curves for the whole patient population, while optimal cut-
offs for Treg/ml, MDSC4/ml and NMLR were determined
calculating OS curves for patients in the SOC + orego-
vomab arm [41].

Chi square test was used to assess significance of
differences between proportions of patients in the two
study arms categorized according to the defined cut-
offs (GraphPad). RFS and OS curves were plotted using
Kaplan—Meier method. Survival curves were compared
using log-rank test. p values <0.05 were considered sta-
tistically significant.

Results
Patient characteristics

Figure 1 details the treatment schema in a CONSORT
flow diagram. Overall, demographics, Eastern Cooperative
Oncology Group (ECOG) performance status, medical and
cancer-related history were comparable between the two
study arms (Table 1). The histopathology was primarily
serous adenocarcinoma with grade 3 morphology (88.7%).
The present study includes patients from the larger trial
cohort for which differential and absolute blood cell counts
were available.

Treatment efficacy

We observed significant differences in OS (p=0.008, hazard
ratio (HR) 0.35, 95% confidence interval (CI) 0.16-0.74)
and RFS (p=0.01, HR 0.49, 95% CI 0.28-0.87) between
the SOC + oregovomab and the SOC alone group (Fig. 2a,
b) for the cohort at these Italian study sites. Median OS
was not achieved in the SOC + oregovomab group. These
results are consistent with the overall study data from the
full trial cohort (OS p=0.004, HR 0.35,95% CI 0.16-0.74,
RFS p=0.003, HR 0.46, 95% CI 0.28-0.77 between the
SOC + oregovomab and the SOC alone group, median OS
not achieved in the SOC 4 oregovomab group).

CA125-specific CD8* T lymphocyte response
as a surrogate marker for treatment efficacy

Co-incubation of lymphocytes with IC-pulsed DC revealed
that five cycles of SOC with two infusions of oregovomab
resulted in an increased frequency of IFN-y*CD8*T lym-
phocytes compared to SOC alone (Fig. 3a, left panel and
Supplementary Fig. 4a). No such increase was observed
following co-incubation with CA125-pulsed DC (Fig. 3a,
center panel), indicating less efficient CA125 uptake or pres-
entation [9]. Co-incubation with MAb-B43.13-pulsed DC

Table 2 Immune biomarkers

. Immune biomarker SOC + oregovomab SOC p value®
were evaluated at baseline and
compared across the two study N Median Min-max N Median Min-max
groups
Number of CA125-specific 17 0.00 0.00-4682 20 0.00 0.00-1114 n.s.

IFN-y*CD8™" T lympho-

cytes/ml
Number of MDSC4/ml 23 181,407 3610-757,390 24 117,045 21,080-300,960 n.s.
Number of Treg/ml 25 56,440 11,319-89,041 26 55,420 21,080-130,967 n.s.
NMLR 36 3.046 1.338-10.32 35 2925 1.426-11.375 n.s.

p values > 0.05 were considered not significant (n.s.)

“By Mann—-Whitney U test
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QPT-ORE-002 CONSORT flow diagram (Italian study sites)

[ Enrollment ]

Assessed for eligibility (n=84)

Excluded (n=3)
Not meeting inclusion criteria or

refused to participate (n=3)

Randomized (n=81)

l

( Allocation

Allocated to treatment arm 1 (n=39)
¢ Received allocated intervention (n=38)
¢ Did not receive allocated intervention (n=1)

| l

Allocated to treatment arm 2 (n=42)
¢ Received allocated intervention (n=41)
¢ Did not receive allocated intervention (n=1)

Lost to follow-up (n=0)

Discontinued intervention (n=8)
¢ Adverse event (n=2)

¢ Patient noncompliance (n=1)
¢ Withdrew consent (n=4)
¢ Death (n=1)

Analysed
¢ Intention-to-treat (n=39)
o Excluded from analysis (n=0)
¢ Per protocol (n=38)
o Excluded from analysis (n=1)
¢ Did not receive allocated
intervention (n=1)
¢ Safety (n=38)
o Excluded from analysis (n=1)
¢ Did not receive allocated
intervention (n=1)

Fig. 1 Study schematic. The CONSORT flow diagram illustrates the different stages of this randomized phase II trial, including patient numbers

[ Follow-Up ]

AN J
Lost to follow-up (n=0)
Discontinued intervention (n=9)
¢ Adverse event (n=1)
¢ Patient noncompliance (n=2)
¢ Medical contraindication (n=1)
¢ Withdrew consent (n=2)
¢ Death (n=1)
¢ Other (n=2)

[ Analysis ] l
Analysed

¢ Intention-to-treat (n=42)
o Excluded from analysis (n=0)
¢ Per protocol (n=41)
o Excluded from analysis (n=1)
= Did not receive allocated
intervention (n=1)
¢ Safety (n=41)
o Excluded from analysis (n=1)
= Did not receive allocated
intervention (n=1)

available at each stage and in each treatment arm (Treatment arm 1 =SOC + oregovomab; Treatment arm 2=SOC alone)

@ Springer




Cancer Immunology, Immunotherapy (2020) 69:383-397

a
Log rank test, p=0.008
1004 HR=0.35(0.16-0.74)
80
g 60
wv
© 404
20 9= S0C plus oregovomab
— SOC alone
0 T T T 1
0 15 30 45 60
Time (months)
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SOC alone 35 29 24 3 1

Fig.2 Clinical efficacy for the patient cohort included in the present
study. a OS and b RFS curves are illustrated for patients stratified by
treatment. Black lines: patients on SOC+oregovomab (36 patients).
Red lines: patients on SOC alone (35 patients). The correspond-

showed no differences between treatments, although insuf-
ficient samples (< 10 in at least one group) were available
to assess statistical differences (Fig. 3a, right panel). While
the frequency of CA125-specific CD8* T cells is likely to
be more elevated at the tumor site, it is noteworthy that their
expansion following SOC + oregovomab treatment can be
detected even in peripheral blood.

In keeping with previous observations [13], co-incubation
of lymphocytes with IC-pulsed DC showed that 22% and
37% of patients in the SOC + oregovomab and SOC alone
groups, respectively (not different by Fisher’s exact test), had
circulating CA125-specific CD8*T lymphocytes at baseline
(Table 2). Assuming that a defined extent and magnitude
of tumor antigen-specific CD8*T lymphocyte expansion is
required to attain clinical efficacy, we focused on a treat-
ment’s capacity to generate or stimulate the expansion of
CA125-specific CD8*T lymphocytes and normalized data
according to individual baseline values in each patient (13
and 14 patients in the SOC + oregovomab and SOC alone
arms, respectively).

Treatment-induced changes in the number of CA125-
specific IFN-y*CD8*T lymphocytes/ml (measured after co-
incubation with IC-pulsed DC) were calculated as follows:
[average CA125-specific IFN-y*CD8*T lymphocytes/ml at
(cycle 5) and (cycle 5 + 13 weeks)]—(CA125-specific IFN-
v+*CD8*T lymphocytes/ml at baseline).

We used the web application Cutoff Finder to dichoto-
mize changes in the number of treatment-induced CA125-
specific IFN-y*CD8*T lymphocytes/ml following in vitro
stimulation with IC-pulsed DC based on the OS data of the
total patient population, i.e., irrespective of treatment. The
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b
Log rank test, p=0.01
100 - HR=0.49 (0.28-0.87)
80 -
£ 604
0
<9
~ 40—
207 —50C plus oregovomab
— SOC alone
0 T T T 1
0 15 30 45 60
Time (months)
Patients at risk
SOC plus oregovomab 36 26 19 4 1
SOC alone 35 17 11 3 1

ing hazard ratio (HR), the associated 95% confidence interval and p
values are shown in each graph. Censored patients are indicated on
the curves. The number of patients at risk in each group at individual
timepoints is also included

cutoff that provided the most significant split was an increase
of 6.69 x 10° treatment-induced IFN-y*CD8*T lymphocytes/
ml. Patients with CA125-specific CD8*T lymphocytes above
this cutoff showed significantly improved OS (p=0.038,
Fig. 3b, left panel). RFS curves also diverged using this
same cutoff, though not significant (p =0.196, Fig. 3b, right
panel). Patients with treatment-induced CA125-specific
IFN-y*CD8*T lymphocytes above the cutoff were signifi-
cantly more frequent in the SOC + oregovomab than in the
SOC alone arm (p =0.013, Fig. 3c; Table 3).

For the international protocol, T cell ELISPOT assess-
ment was a primary endpoint. Technical issues and unavail-
able optimized reagents precluded per-protocol completion.
Therefore, the objective to establish the ELISPOT assess-
ment as a clinical surrogate was not achieved.

Predictive biomarkers of clinical efficacy

Baseline MDSC4, Treg and NMLR distributions were
comparable in the two study groups (Table 2). Based on
the OS of SOC + oregovomab patients, the web application
Cutoff Finder defined the optimal cutoffs to be 137,300
cells/ml for MDSC4, and 4.388 for NMLR. No meaningful
cutoff was obtained for Treg. Patients around the MDSC4
and NMLR cutoffs were similarly distributed across treat-
ment arms (Table 3). The OS and RFS curves of patients
stratified according to the MDSC4 and NMLR cutoffs
were calculated for each treatment arm. Baseline MDSC4
counts did not correlate with OS (p =0.27, Fig. 4a,
left panel) while being significantly predictive for RFS
(p=0.012, Fig. 4a, right panel) in patients having received
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«Fig.3 Surrogate markers of clinical efficacy for the cohort of patients
included in the present study. a Frequencies of CD8*T lymphocytes
producing IFN-y following an 18 h in vitro stimulation with autolo-
gous DC that had been pulsed with either IC (left panel), CA125
(center panel) or MAb-B43.13 (right panel) in patients treated with
either SOC +oregovomab (red) or SOC alone (blue) are shown.
Dots illustrate individual data points. To generate means, only those
patients were taken into account for whom values were available at
adjacent timepoints; hence two means and standard errors are pro-
vided for cycle 5. The tables below each panel provide patient num-
bers included in each treatment arm for the respective comparisons
being performed, as well as resulting p values. ins.d.: insufficient
data. b Kaplan—Meier analysis of OS (left panel) and RFS (right
panel) in all patients (i.e., irrespective of treatment). Patients were
stratified according to changes in the number of CA125-specific
IFN-y*CD8" T lymphocytes/ml peripheral blood, the threshold of
6.69x 10* cells/ml having been defined using Cutoff Finder. Red
lines: patients with CA125-specific IFN-y*CD8" T lymphocytes/
ml below the cutoff. Black lines: patients with CA125-specific IFN-
y*CD8" T lymphocytes/ml above the cutoff. The corresponding
hazard ratio (HR), the associated 95% confidence interval and p val-
ues are shown in each graph. Censored patients are indicated on the
curves. The number of patients at risk in each group at individual
timepoints is also included. c.o.: cutoff. ¢ Number of patients exhibit-
ing a treatment-induced amplification of the CA125- IFN-y*CD8*T
lymphocyte count/ml in the two treatment arms. The relative propor-
tion of patients with changes in the number of CA125-specific IFN-
y*CD8* T lymphocyte counts above (solid black) or below (hashed)
the defined cutoff of 6.69 x 10° lymphocytes/ml in the two study arms
significantly differed (p=0.013)

SOC + oregovomab. MDSC4 counts did not associate with
either OS or RFS in the SOC alone arm (Fig. 4b, left and
right panels, respectively). Thus, MDSC4 behaved as a
predictive biomarker of relative benefit from oregovomab.
Furthermore, patients with MDSC4 counts above the cut-
off had similar RFS in the two treatment arms (Fig. 4a, b,
right panel, black lines), suggesting that the absence of
these suppressor cells allowed oregovomab to confer its
therapeutic benefit.

The NMLR proved to be significantly predictive of
both OS and RFS in SOC + oregovomab treated patients
(p=0.048 and p=0.0014, respectively; Fig. 4c, left and right
panels, respectively). Conversely, the NMLR associated
with neither OS nor RFS of patients in the SOC alone arm
(Fig. 4d, left and right panels, respectively). OS (Fig. 4c, d,
left panels, black lines) and RFS (Fig. 4c, d, right panels,
black lines) for patients with baseline NMLR >4.388 were
comparable between treatment groups. In the majority of
patients (61%, 28/46) NMLR was concordant with MDSC4
count.

Unfortunately, MDSC4 and T lymphocyte response meas-
urements were largely obtained in disparate patient sets, so
we were unable to determine whether a correlation between
these parameters existed. The same was true for NMLR and
T lymphocyte response measurements.

Changes in the number of Treg and MDSC4 following
treatment are depicted in the Supplementary Fig. 4b, c,

respectively. Notably, Treg but not MDSC4 were transiently
affected by SOC treatment.

Discussion

In the present study, we assessed immunological biomark-
ers of treatment response in advanced OC patients receiv-
ing first-line chemotherapy alone or together with orego-
vomab. Overall, clinical outcomes for this patient cohort
were consistent with the larger multicenter trial [Brewer M
et al. manuscript submitted]. The present data indicate that
oregovomab clinical efficacy is linked to an amplification
of a potentially protective CA125-specific cellular immune
response when combined with frontline SOC. This confirms
and extends a previous study showing that frontline chemo-
immunotherapy resulted in a strong immune response to
oregovomab using simultaneous oregovomab and chemo-
therapy infusions [13]. Notably, an antigen-specific cellular
immune response has not been reported in a previous mono-
immunotherapy protocol in the post frontline maintenance
setting [12].

The hypothesis that oregovomab interacts with SOC
by amplifying the potentially clinically relevant immune
response is in line with preclinical studies showing superior
anti-tumor efficacy when combining cancer vaccines with
chemotherapy [42, 43]. In the clinical setting, patients suf-
fering from renal cell cancer vaccinated with multiple tumor-
associated peptides showed longer OS when pre-treated with
a single dose of cyclophosphamide [36]. Mechanisms remain
to be defined, which underlie immune interaction of SOC
with oregovomab and produce a clinically relevant CA125-
specific cellular immune response. Chemotherapy can re-
establish immune-surveillance via a cascade of immune
activating events, including the induction of immunogenic
cancer cell death, cancer antigen spreading, and danger sig-
nal generation [44-46]. These same triggering mechanisms
may underlie the immuno-stimulatory effects observed
after concomitant administration of SOC and oregovomab.
Intriguingly, the ability of SOC to facilitate anticancer
immune responses may also explain why SOC induced a
CA125-specific CD8" T lymphocyte response in some
patients, even in the absence of oregovomab administration.
This finding, which has not previously been addressed in the
OC setting, warrants further study.

Predictive biomarkers are valuable tools, which enable
personalization of treatment regimens. This is of particu-
lar importance in cancer settings, where patients often
do not have the luxury of time to try different treatment
approaches. Because cancer can resist immune destruction
through a number of factors contributing to immuno-sup-
pression, we focused on two components of the complex
immune suppressive network, which might be detrimental to
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Table 3 Patient distribution

’ . Immune biomarker Cutoff value  SOC + Orego- SOC arm (n*/n®, %°) P valued
firound the. cutoffs identified for vomab arm (7% /nP,
immune biomarker parameters %°)
in the two study arms
Change in the number of CA125- >6.69x10° 9/3,75.0 4/11,26.7 0.013
specific IFN-y*CD8* T lympho-
cytes/ml
Number of MDSC4/ml >137,300 10/13,43.5 10/14, 41.7 n.s.
NMLR >4.388 10/26,27.8 8/27,22.9 n.s.

n.s.: not statistically significant

“Number of patients with parameter value above cutoff

®Number of patients with parameter value below cutoff

“Percentage of patients with parameter value above cutoff

4By Fisher’s exact test

oregovomab efficacy, namely MDSC4 and Treg. We found
that patients with lower baseline MDSC4 counts appeared
to benefit more from oregovomab chemo-immunotherapy.
Notably, patients in the SOC + oregovomab arm with high
baseline MDSC4 counts showed survival curves similar to
those of patients treated only with SOC. This observation is
relevant for OC patient management, as it implies that the
administration of oregovomab to patients with high baseline
MDSC4 counts is less likely to show therapeutic benefit.
Whether expansion of CA125-specific CD8" T lymphocytes
in circulation is inversely related to baseline MDSC4 cell
counts will be addressed in a future study.

The association of baseline MDSC4 with oregovomab
efficacy is consistent with the demonstrated negative role of
this MDSC subset in the efficacy of immunotherapy in renal
cell carcinoma [36] and advanced melanoma patients [37],
and concurs with reports that MDSC represent an obstacle
for immunotherapies that require an active immune response
for clinical efficacy [47—49]. Several strategies are currently
being explored to therapeutically target MDSC and improve
outcomes of immunotherapies [50-53].

In contrast to MDSC4, the number of baseline circu-
lating Treg, another immuno-suppressive cell type, was
devoid of clinical relevance (data not shown). This find-
ing is seemingly out of line with previous studies, where
Treg correlated with poor outcome in OC [1-6]. Those
studies, however, reported on Treg in the tumor microenvi-
ronment, rather than the periphery as in the present study.
Moreover, none of the studies addressing the prognostic
role of peripheral Treg in cancer included OC [54-56]. It
is possible that the immune modulatory effect of SOC is
more substantial in the Treg than the myeloid compart-
ment. Supporting this hypothesis, platinum and taxane-
based therapies reduced Treg in the tumor microenviron-
ment [57, 58] and had no detectable effect on MDSC [59].
Our results are consistent with those findings, since we
observed that SOC treatment induced a transient decrease
in peripheral Treg counts, while it did not affect peripheral

@ Springer

MDSC4 counts. Thus, we suggest that Treg neutralization
by SOC contribute to the observed clinical benefit and the
specific immune stimulation ensuing the concomitant SOC
and oregovomab administration.

Baseline NMLR had a predictive role in patients under-
going oregovomab vaccination with SOC, where patients
with higher baseline NMLR demonstrated a lesser apparent
benefit of oregovomab inclusion in their treatment regimen.
To our knowledge, this is the first report of baseline NMLR
as a predictive biomarker in anti-tumor vaccine therapies,
although recently published meta-analyses demonstrated that
a high pre-treatment neutrophil-to-lymphocyte ratio (NLR),
which is similar to NMLR, served as a negative predic-
tive biomarker of immune-mediated treatment efficacy for
immune checkpoint blockade therapies in advanced-stage
cancer patients [60, 61].

Several studies indicated that both MDSC and neutro-
phils can inhibit the anti-tumor cellular immune response
in several types of tumors, including OC [62, 63], and most
of the factors favoring MDSC generation and activation [19,
49] are pro-inflammatory molecules exerting pressure on
the bone marrow to release undifferentiated myeloid cells in
addition to mature neutrophils. It is of note that pathologi-
cally activated neutrophils can be viewed as MDSC [64] and
that immuno-suppressive neutrophils characterized by IL-10
production, a feature of MDSC, have been described to be
enriched in melanoma patients and associated with elevated
amounts of acute-phase proteins involved in the control of
neutrophil plasticity [65]. A recent review discussed the
direct detrimental role played by certain cancer-related neu-
trophil subsets and their possible relationship with MDSC
[66]. Since in the present study, the two predictive biomark-
ers, NMLR and MDSC4 count, overlapped to some extent,
we hypothesize that they both reflect an immuno-suppressive
environment able to hamper the development of an effica-
cious anti-tumor immune response following oregovomab
chemo-immunotherapy. The planned phase III clinical trial
will delineate whether these two factors are associated.
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In conclusion, this study demonstrated for the first time
that oregovomab treatment in combination with conventional
SOC is capable of expanding a potentially clinically efficient
CA125-specific cellular immune response in OC patients.
Furthermore, high baseline MDSC4 counts and high base-
line NMLR represent apparent obstacles to oregovomab
chemo-immunotherapy efficacy, highlighting the potential
importance of these two predictive biomarkers in anticipat-
ing relative responsiveness of newly diagnosed patients and
of including agents targeting the myeloid compartment in
future therapeutic combinations.

The design of personalized scheduled combinatorial ther-
apies will significantly benefit from a better understanding of
the complex interaction between cancer and the innate and
adaptive immune systems.
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