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Synergistic Interactions: Targeted Radiopharmaceuticals and
Homologous Recombination Repair Alterations in Prostate Cancer

Oliver Sartor *
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Why is a small retrospective study with radium-223 [1]
important enough to warrant publication in this European
Urology issue? To better understand the context, one needs
to understand the actionable mutations in prostate cancer.
In 2016, a seminal study [2] investigating the molecular
genetics of prostate cancer in depth revealed a surprise. In
addition to the widely known and appreciated importance
of androgen receptors in advanced prostate cancer, there
was also a remarkably frequent occurrence of DNA repair
defects present in metastatic castrate-resistant prostate
cancer (CRPC). Mutations in the DNA repair pathway were
especially common: more than 20% of cases harbored
pathogenic alterations in well-described homologous re-
combination genes, including BRCA2, BRCA1, ATM, and
CDK12. Interestingly, nearly half of the BRCA2, BRCA1, and
ATM gene alterations were in the germline, another
surprising finding with important repercussions for
patients and their families.

The finding that homologous recombination defects
(HRDs) are common in advanced prostate cancer has
therapeutic implications on several fronts. This includes
potential sensitivity to PARP inhibitors, susceptibility to
DNA-damaging agents such as platinum and various forms
of radiation, and perhaps even enhanced responsiveness to
immunotherapy.

It is now clear that prostate cancer patients harboring
mutant BRCA in their tumors can respond to treatment with
PARP inhibitors [3,4], and multiple PARP inhibitors are now in
advanced clinical trials. Patients with BRCA mutations can also
be successfully treated with platinum-containing regimens
[5,6] and these agents are also in advanced clinical trials in
prostate cancer. Responsiveness to immunotherapies for
patients with mismatch repair-deficient tumors (MSH2,
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MSH6, MLHT) is well described, but the possibility that HRD
tumors also have enhanced responsiveness to immunotherapy
is a recent and intriguing finding [7].

Radiation comes in various forms. External beam
radiation, brachytherapy, electrons, 3 particles, and «
particles all exert their anticancer activity via DNA damage,
and cancers with DNA repair defects should be particularly
susceptible to radiation.

Radium-223 is an a-emitting radiopharmaceutical associ-
ated with prolongation of survival in men with bone metastatic
CRPC[8],and « particles exert their action by damaging DNA in
tumor cells and the cellular microenvironment adjacent to
their region of deposition. Although o particles have a very
short path length in tissue, their energy is high.

In the study by Velho et al. [1], the efficacy of radium-223
is examined in bone metastatic CRPC with and without a
HRD. Their manuscript builds on a case report in which a
patient with biallelic BRCA2 mutations had an exceptional
response to radium-223 [9]. In the Hopkins study, men with
HRD had a higher percentage alkaline phosphatase (ALP)
decline, a longer time to ALP progression, and a trend toward
longer survival. These are important findings. ALP declines
have been linked to radium-223 clinical activity [ 10]. Limita-
tions of the study by Velho et al. include its retrospective
nature and the small number of patients enrolled. More
definitive data on this topic should be considered. Similar
studies are warranted with other targeted isotopic therapies,
including lutetium-177 and actinium-225.

Given conceptual synergy between the DNA-damaging
agents and agents that inhibit DNA repair, it makes sense
that such agents would be combined in clinical trials. These
trials should necessarily start at lower doses, given that
synergistic effects could lead to additional toxicity. These
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trials could take various forms, such as PSMA-targeted
lutetium-177 or actinium-225 and a PARP inhibitor, or
radium-223 and a PARP inhibitor. Other forms of DNA repair
inhibition such as ATR inhibitors combined with various
forms of radiation should also be explored.

Targeted radiopharmaceuticals will be ideal for these
potentially synergistic interactions with DNA repair inhi-
bitors, given their relatively low toxicities. External beam
therapies typically use doses that are close to normal tissue
tolerance, and thus the therapeutic index is probably lower.
Taken together, clinical trials with radiopharmaceuticals
(especially those with low-energy [ or o particles)
combined with DNA repair inhibitors such as ATR or PARP
inhibitors should be a priority given their potential to be
highly active with minimal toxicity. More prospective
clinical trials are necessary to test this concept and the
sooner they are completed, the better.
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