Extending the scope of PARP inhibitors in ovarian cancer
Jonathan A Ledermann
During the last decade trials with inhibitors of oral PARP (poly-ADP ribose polymerase), a
key enzyme involved in the repair of DNA damage have led to a major change in the
treatment of advanced ovarian cancer. A key element of the success of this class of drug is
deficiency of homologous recombination repair (HRD) of DNA double-strand breaks. This is
best seen in BRCA-mutated tumours as functioning BRCA proteins have a major role in
preserving the complex DNA repair pathway. However, other mechanisms apart from BRCA
mutations can also result in HRD and consequently lead to a clinical benefit from PARP
inhibitors1. Study of DDR (DNA damage response) and manipulation of the process is now
recognised as an important area of research as is could lead to better cancer treatments2.
Precise measurement of HRD is difficult, but in ovarian cancer, it is most closely correlated
with tumour platinum-sensitivity. Tumours that become platinum-resistant, an eventual
inevitable consequence of recurrence, rarely respond to PARP inhibitors.
Olaparib, niraparib and rucaparib are PARP inhibitors used to treat ovarian cancer. They are
more active in tumours with a BRCA-mutation but are also licensed as maintenance therapy
following a response to platinum-based therapy. In these patients who have varying degrees
of HRD they prolong the time to disease progression. Most tumours eventually become
resistant to PARP inhibitors although there is a small cohort who continue without disease
progression for many years 3.
Repair of DNA strand breaks is a complex process, involving multiple proteins and more
than one repair pathway. Similarly, a wide range of mechanisms underlie tumour resistance
to PARP inhibitors and a number of different strategies are being pursued to prevent or
overcome it 4. The approach examined by Konstatinopoulos and colleagues uses an inhibitor
of PI3 Kinase (alpelisib) in combination with the PARP inhibitor, olaparib5. The rationale for
this combination is that PI3 Kinase inhibition has been shown to lead to a downregulation of
BRCA1/2 proteins, increasing the degree of HRD6. In the absence of competent repair
pathways, cells become sensitised to PARP inhibitors. This group has previously tested the
combination of olaparib and the VEGFR inhibitor, cediranib in combination and
demonstrated a synergistic effect of the two molecularly targeted drugs, but this was in a
population of patients with tumours likely to be sensitive to platinum-based drugs and
therefore PARP inhibitors7. In the phase I study of alpelisib and olaparib nearly all tumours
were deemed resistant or refractory to platinum-based drugs (26 out of 28 patients), and
thus unlikely to benefit from a PARP inhibitor, particularly in the absence of a BRCA
mutation. The combination of these oral drugs was not without toxicity, but
hyperglycaemia, nausea and abnormalities in liver transaminase, the most common adverse
effects were generally manageable. Although toxicity was the primary endpoint, the
response rate to this combination was much higher than would be expected from either
drug alone in this group of patients. Most patients had ovarian cancer (4 had breast cancer)
and with the ovarian cancer expansion cohort, the authors reported a partial response rate
of 35.7 % (10 out of 28 patients) and a median response duration from the time of first

response of 5.5 months (ranging from 0.5 to 13.1 months). Disease stabilisation was seen in
50% of patients.
It is estimated that about 50% of high-grade serous ovarian tumours have a degree of HRD
and are likely to benefit from PARP inhibitors. Many tumours, however, will not respond
either ab initio, or after they become resistant to platinum-based drugs. Exploiting the DNA
damage response (DDR) pathways, as in the case of PARP inhibitors requires a detailed
knowledge of DDR mechanisms in cells8. Current approaches being explored include the use
of inhibitors of other pathways, such as CHK1, alone in BRCA wild-type tumours resistant to
platinum or in the case of Wee1, in combination with chemotherapy9,10. Whilst it remains
important to develop new therapies for patients with platinum-resistant ovarian cancer
unlikely to respond to PARP inhibitors, more research is needed to enhance the activity of
PARP inhibitors in patients who would otherwise have only a short-term benefit. Similarly,
the strategy of re-introducing a PARP inhibitor following progression on treatment by
adding another molecularly targeted agent, such as a PI3 kinase inhibitor, is attractive as
there is a growing number of patients who have become resistant to PARP inhibitors.
Identification of targetable pathways and more rationally designed trials with DDR inhibitors
are needed to extend the significant clinical benefits that have been seen using PARP
inhibitors.
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