1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuey Joyiny

Author manuscript
Clin Cancer Res. Author manuscript; available in PMC 2019 February 01.

-, HHS Public Access
«

Published in final edited form as:
Clin Cancer Res. 2018 February 01; 24(3): 508-510. d0i:10.1158/1078-0432.CCR-17-3022.

Surviving ovarian cancer: an affair between defective DNA repair
and RB1

Guang Peng? and Gordon B. Mills2*
1Department of Clinical Cancer Prevention, The University of Texas MD Anderson Cancer Center,
Houston, Texas 77030, USA

2Department of Systems Biology, The University of Texas MD Anderson Cancer Center, Houston,
Texas 77030, USA

Summary

Detailed clinical and molecular evaluation of large cohorts of exceptional survivors provide an
unprecedented opportunity to identify mechanisms underlying long term survival that can drive
future therapeutic approaches and biomarker development. Exceptional survivors of high-grade
serous ovarian cancer demonstrate concurrent disruption of homologous recombination DNA
repair and retinoblastoma protein.

In this issue of CLINICAL CANCER RESEARCH, Garsed and colleagues use a novel and
powerful approach of evaluating a large set of ovarian cancers patients to develop a cohort of
unusual responders. This paradigm provides critical insight into mechanisms underlying
long-term survival in high-grade serous ovarian cancer (HGSC) that could lead to
therapeutic approaches designed to convert all HGSC patient into long-term survivors.
Importantly, application of this paradigm could greatly improve our understanding of
therapeutic liabilities in multiple cancer lineages (1).

HGSC is often diagnosed at an advanced stage with fewer than half of all HGSC patients
surviving 5-years. However, a subset of HGSC patients have prolonged progression free
survival, repeated responses to platinum-based therapy and prolonged survival. Most studies
of exceptional responders focus on one or a small number of patients increasing the
challenges of linking observations to causality. Through detailed clinical, pathological and
molecular characterization of 96 exceptional HGSC survivors, Garsed and colleagues
establish that patients who experience repeat responses to platinum based therapy are
enriched for tumors with abnormalities in homologous recombination (HR)-mediated DNA
repair. Patients with long progression free survival are more likely to have concurrent
defective HR and retinoblastoma (Rb) protein loss. In contrast, long-term survivors are
comprised of two subsets of patients, the set whose tumors have concurrent HR and Rb
protein deficiency and a second subset with high proliferative rates and tumor infiltrating
lymphocytes. This offers the intriguing possibility that inducing concurrent HR deficiency
and Rb protein loss could markedly sensitize patients to platinum based chemotherapy.
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In this study, three partially overlapping ‘exceptional responders/survivors’ were defined
including: (1) long progression-free survival (PFS) of >36 months (Long-PFS); (2) Multiple
Responders (MR) with three or more complete responses to chemotherapy; (3) long-term
survivors (more than 10 years). Patterns of recurrent p53 mutations, which are almost
universal in HGSC, did not predict survival benefit. Strikingly, 10 genes involved in HR
repair (BRCA1, BRCA2, RAD51C, BRIP1, CDK12, PTEN, ATR, CHK1, CHK2 and
RAD51D) were mutated in 73% of exceptional responders, which is significantly higher
than the 41% observed in the unselected TCGA cohort. Notably, the highest portion of HR
defects (88%) and BRCAL mutations (59%) were found in MR reflecting a critical role for
HR-deficiency in sensitivity to platinum-based chemotherapy. In contrast, RB1 loss was
more frequent in long-FPS and long-term survivors than in MR. Importantly, co-occurrence
of RB1 loss and HR-deficiency was highly enriched in long-PFS and long-term survivor
groups. Surprisingly the majority of long-term survivors did not demonstrate BRCA1/2
abnormalities. Indeed a subset of long term survivors exhibited increased CD8 positive
infiltrating T cells and, unexpectedly, high levels of the Ki67 proliferative marker. Taken
together these observations offer the intriguing possibility that inducing concurrent defects
in homologous recombination repair and RB1 protein could render “average” HGSC
patients sensitive to platinum-based or potentially PARP inhibitor therapy increasing the
number of long term survivors. Further, the likely long term outcomes for patients could
better tailor therapy by embracing chemotherapy in patients likely to become long term
responders and directing the remaining patients to alternative therapy approaches or focusing
on palliation using regimens with more acceptable toxicity.

We propose a model that encompasses these important clinical and molecular observations
that suggests intriguing therapeutic opportunities (Figure 1).

HR represents an error-free repair mechanism to repair and relieve replication-associated
DNA damage to maintain genomic integrity (2). Defective HR sensitizes cells to platinum-
based therapy as well as to PARP inhibitors. Thus it is not surprising that HR deficiency
defined by analysis of 32 genes implicated in DNA damage repair was enriched in
exceptional responders and particularly in MR. A more extensive analysis of the broad set of
genes involved in HR may further strengthen this association. It is intriguing to hypothesize
that these MR patients are unable to engage mechanisms to reconstitute HR that are
associated with both platinum and PARP inhibitor resistance such as “healing” of BRCA1
and Rad51. It also raises the intriguing question as to whether clinical trials of PARP
inhibitor maintenance therapy in MR that led to approval of PARP inhibitors in HGSC were
more markedly enriched for HR defects than was proposed by analysis of BRCA1/2 and
HRD by loss of heterozygosity.

The RBI1 tumor suppressor functions as a key regulator of the S-phase transition with loss
leading to uncontrolled cell proliferation. Perhaps contributing to the interaction with HR
deficiency seen in long-term survivors, loss of RB1 induces replication stress due to defects
in replication fork progression and mitosis (3) that leads to increased DNA damage, which is
most effectively repaired by HR (4). This increased DNA damage coupled with a decreased
ability to repair DNA damage induced by platinum drugs could contribute to increased
chemosensitivity and improved long-term survival.
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In cells with normal p53 function, the DNA damage checkpoint is activated and if DNA
damage is unresolved apoptosis eliminates damaged cells. However, in HGSC, the almost
universal p53 mutations allow survival of cells with unresolved DNA damage by weakening
the DNA damage checkpoint and apoptosis programs (5). It is possible that accumulation of
DNA damage due to concurrent disruption of HR repair, Rb1 and p53 leads to activation of
cytosolic DNA damage sensors that promote innate immune responses through mechanisms
such as the STING pathway engaging anti-tumor immunity and contributing to long-term
survival (6).

CDKA4/6 inhibition triggers anti-tumor immunity by reducing expression of the E2F1 target
gene DNMT1 thus activating innate immune responses through production of type 111
interferons (7). Based on this model, we speculate that immune checkpoint blockade in
combination with CDK4/6 inhibitors may provide additional survival benefits in HGSC
patients with concurrent deficiency in HR repair, Rb1 and p53 as well as in the population
with CD8 T cell infiltration.

The HR repair network is composed of a number of proteins including DNA damage
sensors, signaling transducers, repair effectors, and epigenetic regulators (2). It is extremely
challenging to evaluate the complete spectrum of mutations, genomic alterations,
methylation and protein levels for the large number of genes involved in HR repair.
Moreover, post-translational protein modification and appropriate formation of molecular
complexes are required for efficient HR repair. Unfortunately, functional HR repair assays
such as RAD51 foci formation after DNA damage or HR reporter assays using DR-GFP and
I-Scel plasmids are difficult to implement using clinical samples. Thus, a definitive assay for
HR competency in patient samples remains elusive. To develop molecular markers of
defective HR, recent studies have utilized genomic or transcriptomic changes that occur as
consequence of HR repair deficiency, including patterns of loss of heterozygosity (8),
transcriptomic alterations (9,10), and distinct somatic mutation patterns (11,12). This offers
the exciting potential that emerging molecular signatures of HR deficiency might predict
MR or long-term survival when assessed in combination with loss of Rb1.

In summary, as demonstrated by the current report, multiple molecular determinants of
exceptional responders/survivors are associated with favorable outcomes. Distinct molecular
pathways are identified in distinct subgroups such as HR deficiency in MR and Rb loss in
Long-Term Survivors and Long-PFS. This information has the potential to lead to new
therapeutic approaches as well methods to maximize patient benefit based on the likelihood
of response to particular therapy approaches.
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A proposed model for concurrent deficiency of HR repair and Rb1 in exceptional survival in
high-grade serous ovarian cancer.
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