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Abstract
Immunotherapies involving cellular and checkpoint inhibitor approaches are under investigation in ovarian cancer and preliminary
results suggest evidence of clinical benefit. Assumptions in the past of low immunogenicity of ovarian cancer appear to be changing as our
new awareness of immune function activity with ovarian cancer, tumor microenvironment and molecular signaling is becoming evident.
Anticancer response, survival advantage, and developing program progression have been observed in immunotherapy approaches involving
ovarian cancer patients. Herein, we review current progress of cellular immunotherapy and checkpoint inhibitor approaches in ovarian cancer.
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Introduction
A recent open-label Phase IIa study of Vigil immunotherapy
(n=31) vs SOC observation (n=11) involving high risk stage IIIc/IV
ovarian cancer patients in clinical complete remission following
surgical debulking and frontline chemotherapy has shown a
decrease in tumor recurrence (61% vs 82%) and increase in
median progression free survival 604 vs 377 days (p=0.033, HR
0.43, 95% CI (0.19, 0.96) [1] to Vigil immunotherapy. Clinical
immune response to Vigil was measured by tracking circulating
immune effector cells against autologous tumor before and
sequentially after Vigil via γIFN-ELISPOT assay. All 31 Vigil
treated patients and 10/10 control patients (1 unevaluable)
were baseline negative. After Vigil administration, all patients
showed γIFN-ELISPOT conversion to positive with induction
of tumor-antigen specific T effector cells. Interestingly 7/8
control patients, of which all were negative at time of relapse,
converted to γIFN-ELISPOT positive after cross-over to Vigil
therapy (as per trial design) after relapse. A currently ongoing
double blind randomized study in the same patient population
is investigating further clinical benefit and immune analysis of
Vigil (NCT02346747).
Multiple check point inhibitors are also currently in
development in the maintenance setting or in recurrent,
platinum-resistant or refractory ovarian cancer. Response rates
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in ovarian cancer to anti-CTLA-4 therapy have been observed [2]
but at slightly lower frequency than PD-1/PD-L1 inhibitors [3].
Given this and a higher perceived toxic response to anti-CTLA-4
inhibitors over PD-1/PD-L1 inhibitors most clinical explanation
in ovarian and other women’s cancers is involving PD-1/PDL1 inhibitors. Results of an initial clinical trial of an anti-PD-1
antibody, nivolumab, published by Hamanishi et al. [3] reported
on response rate of 15% in 20 advanced ovarian cancer patients
and a median PFS of 3.5 months across 2 cohorts (1 or 3 mg/
kg nivolumab dose) [3]. Other studies involving pembrolizumab
(ORR 11.5%, 3/26) [4] and avelumab (ORR 11%, 8/75) [5] have
shown similar response activity. Hamanishi et al also reported
that high PD-L1 expression in ovarian cancer cells is associated
with a poor prognosis [6]. Another hypothesis supported by
preclinical and clinical data is that effective anticancer response
following anti-PD-1/PD-L1 therapy requires the intratumoral
presence of pre-existing tumor-specific CTLs that are held in
check by the PD-1/PD-L1 pathway. Conversely, in the absence of
infiltrating activated T cells, there is only limited rationale for
checkpoint inhibitor therapy targeting PD-1/PD-L1.
Tumeh et al. [7] reported on 46 patients with advanced
melanoma who were treated with single agent PD-1 inhibitor
pembrolizumab demonstrating higher levels pre-existing CD8
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positive, PD-1 positive and PD-L1 positive cells at the invasive
tumor margin and in the tumor in the responding patient’s
on-study tumor biopsies vs non-responders [7]. Herbst et al.
[8] reported on 277 patients treated with the PD-L1 inhibitor
MPDL3280A and noted that across tumor types, high PD-L1
ligand expression on tumor cells, and particularly on tumor
infiltrating immune cells (TILs), was predictive of objective
response by RECIST 1.1 criteria to PD-L1 inhibitor treatment
[8]. This evidence suggestsPD-L1/PD-1 inhibitor activity being
significantly correlated with high activated T cell involvement/
migration into the autologous tumor bed.

In addition, PD-1 expression can be adaptively upregulated
following T-cell activation, suggesting that PD-L1 expression,
a mechanism of resistance to immune mediated tumor killing,
is also predictive of response to PD-1/-L1 inhibitors and other
immunotherapies [8].

Conclusion

Vigil upregulation of circulating T effector cell activity
against autologous tumor cells is induced by a novel mechanism
involving three pathways: 1) blockade of tumor-induced immune
escape by bi-shRNAfurin knockdown resulting in marked local
tumor reduction in TGFβ1 and 2, 2) GMCSF-induced antigen
presentation and dendritic cell activation, 3) evidence of TCR
induction to relevant tumor neoantigens by utilizing patient’s
autologous tumor cells. As such, it appears rational to explore
the effect of Vigil in combination with PD-1/PD-L1 inhibitor
therapy in advanced ovarian cancer patients. Other preclinical
studies in Panc02 xenograft mouse models support the rationale
of combining all three components of anticancer immune
response: a) GMCSF increase, b) TGFβ knockdown, and c) PD1/-L1 blockade [9].

Tumor burden was significantly reduced and overall
survival prolonged in Panc02 or KPC xenograft mice treated with
the combination of GVAX, a systemic TGFβa and PD-1 antibody
compared to monotherapy of each, or the combination of GVAX
and TGFβa only. Further, the combination of cyclophosphamide/
GVAX + monoclonal antibody targeting PD-1 significantly
increased the percentage of IFNγ-producing T cells within TILs
as well as greater CD8+ T cell IFNγ secretion compared to either
cyclophosphamide/GVAX or anti-PD-1 alone [10]. A similar
murine study has been initiated in CT26 xenograft mice treated
with GVAX +/- TGFβa and murine Vigil-CT26 +/- systemic TGFβa
to explore and compare the tumor response, survival, and
immune functions following either immunotherapy regimen vs.
no treatment.
With the rationale of previously published preclinical results
[9] and this ongoing experiment, supporting a combination
studies of an anti-PD-L1 antibody, Atezolizumab with Vigil a
study in platinum-refractory or resistant, recurrent ovarian
cancer is currently in future development. Endpoints are the
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evaluation of safety and anti-tumor activity of the combination
in women with advanced ovarian or gynecological cancers, (ie.
primary uterine, endometrial), biomarker characterization for
the anti-tumor systemic immune response generated by Vigil
alone, atezolizumab alone or the combination of the two agents,
tumor response and survival.
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