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Abstract

Prostate cancers in patients with a mutation in BRCA2 have ear-
lier disease onset and an aggressive course, often necessitating
the use of systemic therapy. However, these tumours are DNA
repair-defective and could respond favourably to Parp inhibitors or
DNA-damaging agents, depending on the therapeutic ratio (ratio of
tumour response to normal tissue toxicity). We describe 3 patients
treated with precision radiotherapy or cisplatin who responded
favourably to both agents, yet did not suffer undue toxicity. We
review the concept of treating such patients with agents that are
selectively toxic to repair-deficient tumours.

(Cite as: Can Urol Assoc J2011;5(2):¢31-35; D0I:10.5489 /cuaj.10080

Background

Men with an inherited mutation in BRCA2 face an increased
risk of prostate cancer'? and the course of their disease is often
aggressive.*® BRCA2 is a tumour suppressor protein involved
in the repair of DNA double-strand breaks via homologous
recombination (HR). Tumour tissues derived from BRCA2
mutation carriers (e.g., male or female breast cancers, ovar-
ian cancer and prostate cancer being the most common) may
respond differently to radiotherapy (RT) and chemotherapy
when compared to tumours with normal BRCA2 and HR
protein function. In the normal tissues of BRCA1 or BRCA2
carriers, one BRCAT or BRCA2 allele remains (heterozygote)
and the normal cells maintain HR; however, there is a loss
of BRCA1/2 expression in tumours from these patients and
therefore functional HR is usually lost. Although the data are
varied, some studies have suggested that HR-defective cell
lines and xenografts can be more sensitive to ionizing radia-
tion (IR), cisplatin, mitomycin C (MMC), etoposides, melpha-
lan and poly(ADP-ribose) polymerase inhibitors (PARPi).®7
These cell lines, however, have also been reported to be
variably sensitive or even resistant to taxane-based chemo-
therapy (e.g., docetaxel).®'” These data suggest that patients

with a BRCA2 mutation with tumours defective in HR may
be targeted by agents, such as RT, cisplatin, anthracyclines
or PARPI. This is based on the concept of their inability to
repair DNA double strand breaks, DNA cross links or genetic
synthetic lethality, respectively.®'"'® Indeed, a recent clini-
cal trial has shown efficacy of the PARPi named olaparib
(AZD2281), in women with ovarian or breast cancer that
have mutations in BRCA1/2." In this trial, there was report
of a single prostate cancer patient with a BRCA2 mutation
who responded to PARPi with a sustained >50% reduction in
PSA. To date, the clinical response of men, specifically with
known BRCA2 mutations to DNA-damaging chemotherapy,
has not yet been reported.

Whether normal tissues from male BRCA1/2 carriers are
more sensitive to radiotherapy and chemotherapy is not
known. We describe 3 patients with prostate cancer and
an inherited mutation in BRCA2 who were treated with pre-
cision RT or chemotherapy (i.e., cisplatin or anthracylcines
which should be more efficacious in patients with HR defec-
tive tumours). Given that patients 1 and 3 were from families
with a known familial BRCA2 mutation, their mutation status
was determined by direct sequencing from DNA derived
from peripheral lymphocytes (Promega, Madison, WI). The
mutation status of patient 2 was identified through BRCA2
screening as previously described.?® Despite our concern
that these agents may cause significant acute and late toxic-
ity in such patients with a DNA-repair deficit, none of the
patients experienced any serious side effects of treatment;
these patients will continue to be followed for any long-term
side-effects.

Patient 1 (BRCA2 mutation; (6137A)

Patient 1 has a documented BRCA2 mutation and was
diagnosed with prostate cancer with an elevated screen-
ing prostate-specific antigen (PSA) of 57 ng/mL. Biopsy and
staging investigations revealed a cT2a, NO, M0, and a low
initial Gleason score 5 prostate adenocarcinoma. He was
treated with neo-adjuvant and concurrent androgen depri-
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vation therapy (ADT) plus 66Gy external beam RT using a
3D conformal technique (46Gy in 23 fractions to pelvis and
prostate boost of 20Gy in 10 fractions). Despite concern of
the risk of significant radiation-induced toxicity due to his
BRCA2 mutation status, he experienced only mild acute
genitourinary (GU) toxicity (prospective patient-reported
RTOG [radiation therapy oncology groupl] acute toxicity
score of 2 with urinary frequency requiring the use of an
alpha blocker), and no acute gastrointestinal (Gl) toxicity.
Biochemical failure occurred 18 months post-RT and he was
started on combined androgen blockade (CAB) with bicalu-
tamide and leuprolide. As of last follow-up (133 months post
RT), he has had a sustained response to CAB, though his PSA
has been trending slowly upwards. His most recent value
was 1.78 ng/mL (Fig 1, part a). To date, he has experienced
no late GU toxicity and minimal late Gl toxicity with a GI
RTOG score of 1 (mild intermittent rectal bleeding).

Patient 2 (BRCA2 mutation; (7252T)

Patient 2 had a BRCA2 mutation after he was diagnosed with
invasive ductal carcinoma of the breast at age 58. He was
treated with a modified radical mastectomy and adjuvant
anthracyline-based chemotherapy (5-FU, adriamycin and
cyclophosphamide [FAC]), with no evidence of recurrent
disease. His BRCA2 status did not result in any excess tox-
icity from the anthracyclines, which introduces DNA dam-
age that is repaired via the HR pathway. Subsequently, he
was diagnosed with screen-detected prostate cancer at age
63 (initial clinical staging: cT2a NO MO, PSA 4.7 ng/mL,
Gleason 9). He received external beam RT to the prostate
alone to a total dose of 79.8Gy in 42 fractions using intensity
modulated radiotherapy (IMRT) with concurrent and adju-
vant (3 years) ADT. Like patient 1, he experienced minimal
toxicity, with RTOG Grade 1 GU toxicity (baseline nocturnal
urinary frequency increased from 2 to 4 times a night) and no
Gl toxicity. As of last follow-up (78 months), he reported no
late radiation-induced toxicity (i.e., RTOG grade 0 for both
GU and GI), and remains free of biochemical failure with a
PSA of 0.90 ng/mL (Fig 1, part b). We were able to derive
fibroblasts (denoted Br2DR cells) from this patient for studies
of IR and MMC toxicity, as well as DNA repair studies in
vitro (Fig. 2). Br2DR cells showed a slight increased sensitiv-
ity to IR and MMC based on clonogenic assays in contrast
to the exquisite radiosensitivity and chemosensitivity of cells
derived from patients that have defects in DNA damage sens-
ing and repair proteins. We did observe a reduced ability
for Br2Dr cells to increase the nuclear concentration of the
RAD51 protein (involved in BRCA2-dependent HR repair)
compared to normal fibroblasts (NDF5757). If BRCA2 func-
tion was compromised, we would have observed a complete
lack of RAD51 foci at DNA breaks; we did not observe this.
Therefore, the mild defects observed for the heterozygote
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Fig. 1. Prostate-specific antigen responses to treatment in Patients 1,2 and 3
as a function of treatment and time. ADT = androgen deprivation therapy.

BF = biochemical failure. CDDP = cisplatin. D/C ADT = discontinuation of
adjuvant androgen deprivation. KETO = ketoconozole. METS = documented
metastases. NADT = neoadjuvant androgen deprivation therapy.

RT = Radiotherapy. CAB = combined androgen blockade. TAX = docetaxol.

Br2DR cells is consistent with previous studies,*'** and sup-
ports our observation of minimal toxicity in this patient fol-
lowing precision RT.

Patient 3 (BRCA2 mutation; 6503delTT)

Patient 3 underwent a radical prostatectomy at age 49 for
screen-detected intermediate risk adenocarcinoma (initial
clinical staging: cT2b NO MO, PSA 8.7, Gleason 7 [4+3]).
Based on a family history of breast cancer, he was found to
carry a familial BRCA2 mutation. He underwent a radical
prostatectomy with final pathology showing pT3b, Gleason
9 (5+4) adenocarcinoma, and multiple positive margins. His
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Fig. 2. DNA Repair Assays of Heterozygote Fibroblasts Derived from Patient 2 With A BRCA2 Mutation (a,b) Shown are clonogenic survival of fibroblasts derived
from patient 2 (Br2DR strain) relative to normal fibroblasts or fibroblasts defective in DNA damage sensing or repair. In (a), Br2DR cells are similar in sensitivity
following ionizing radiation relative to unaffected normal fibroblast strains (NDF5757 and 3651 strains). Note exquisite sensitivity in cell strains derived from DNA
damage sensing- or repair-deficient cells derived from patients with abnormal ATM, NBS1 and DNA ligase IV proteins. In (b), Br2DR cells show increased sensitivity
to Mitomycin C (MMC) (j < 0.05 for each dose point) relative to a normal NDF5757 strain. Also shown in (b) is the BRCA2-deficient CAPAN-1 cell line for comparison
showing exquisite MMC sensitivity. (c) Results from the neutral Comet assay measuring residual DNA double strand breaks (DSBs) as a function of time (0-24 hours)
following a dose of 20 Gy. Br2DR cells show a non-significant trend towards increased residual DSBs at 24 hours. (d) Data from a RAD51 protein nuclear foci assay
in which the ability for cells to increase the nuclear fraction of RAD51 foci (required for homologous recombination pathway of DSb repair) at sites of DNA damage
is measured using fluorescent microscopy. An example of the foci scored in this technique is shown in the inset. The data are presented at the percent of cells
positive for RAD51 foci before and after treatment with the DNA cross-linking agent, mitomycin C (MMC). A decreased RAD51 response in the Br2DR cells is
observed compared to normal fibroblasts suggesting a decreased ability to mobilize RAD51 to the nucleus. Note: cells completely deficientin BRCA1 and BRCA2

function have no ability to up-regulate RAD51 foci at all.

postoperative PSA never reached an undetectable level, and
at 3 months post-surgery rose to 26 ng/mL. Staging revealed
multiple bone metastases, and he was started on CAB and
his PSA declined to 0.47 ng/mL. By 18 months, however,
he had castrate-resistant disease with PSA rising to 43 ng/mL
and pelvic and abdominal lymph adenopathy and multiple
bone metastases demonstrated with a computed tomography

scan (Fig 1, part ¢). He was treated with ketoconozole and
prednisone with no biochemical response. Due to a PSA
doubling time of less than 2 months and increasing lesions
on his bone scan, he was started on chemotherapy. Although
standard treatment would be docetaxel, due to his BRCA2
status, he was started on cisplatin, monthly at 100 mg/m?.
He tolerated this treatment very well, with only mild toxicity
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and responded well with a drop in his PSA from 114 ng/mL
pre-chemotherapy to 6.5 ng/mL after 8 cycles of cisplatin.
He also experienced an overall improvement in his quality
of life, except for moderate, but increasing, peripheral neu-
ropathy. Within 2 months, his PSA again rapidly doubled
and symptomatically he felt worse with increasing bone
pain. He then received 3 cycles of docetaxel with evidence
of both PSA and symptomatic responses. Although his PSA
declined from 40.39 ng/mL pre-chemotherapy to 3.6 ng/mL
with 3 cycles of docetaxol, further treatment was discontin-
ued due to fatigue, nausea and dehydration. He was well
for 2 months, but again his PSA doubled within another 2
months and he experienced increasing back pain; he is being
considered for alternate systemic regimens.

Discussion

normal tissue responses in BRCA2-associated prostate can-
cer following RT or chemotherapy regimens that directly
target DNA. Whether these patients can be routinely
approached with DNA-damaging agents that take advan-
tage of HR-deficient tumours without significant additional
toxicity requires defined and multi-institutional clinical trials
in these rare cohorts. Given the results of the recent phase
1 study with olaparib,' optimal treatment in patients whose
PSA is rising following definitive local therapy (e.g., radical
prostatectomy or RT) could one day involve first-line sal-
vage treatment with PARPI if it is shown to be more effica-
cious than taxanes or mitoxantrone within clinical trials. If
shown to be efficacious, PARPi could be preferable to the
use of long-term ADT given the recent concerns of diabetic
and cardiac complications in older men receiving hormone
therapy.?>2° We suggest that long-term studies of PARPi and
other HR-targeting agents should be completed to compare
their relative utility to existing treatment strategies.'®'*

Studies to date estimate that between 0.8% and 2.0%
of men with prostate cancer have an inherited mutation in
BRCA2.2728 In Toronto, we see about 3000 new prostate can-
cer patients a year, which translates into potentially 30 to 60
BRCA2-positive cases per year. Two studies have reported
that survival in BRCA2-associated prostate cancers is poor.*>
BRCA2 patients appeared to have a worse prognosis than
those with no mutation® or with a BRCA1 mutation (median
survival of 4 years for BRCA2 vs. 8 years for BRCAT).* It is
therefore important to consider that these patients may not
always benefit from the sole use of local treatment with
surgery or RT and may require adjuvant systemic therapy
to increase survival.

The BRCA2 carrier status of patient 3 was known shortly
after his diagnosis and, on the basis of his genotype, we
elected to initially treat him with cisplatin, rather than a
taxane (in which the toxicity mechanism is independent

of DNA repair). After developing castrate-resistant pros-
tate cancer, this 49-year-old patient showed a good initial
response to platinum therapy. A similar approach has been
used in BRCAT-associated breast cancer, with encouraging
results.?® Surprisingly, despite in vitro and in vivo preclinical
data suggesting that HR defective cancer cells are resistant
to taxane-based treatment,'? patient 3 also responded to
docetaxel with a greater than 50% reduction in PSA. Further
data are required to understand the relative response to dif-
ferent chemotherapy regimens in HR-defective tumours. At
least one study has suggested that BRCA2 expression may
predict response to doxetaxel in breast cancer.?® As such,
we suggest that patients 1 and 2 remain candidates for treat-
ment with cisplatin, taxanes or PARPi in case they develop
castrate-resistant disease.

We did not observe any excess toxicity following pre-
cision RT or chemotherapy using cross-linking agents; all
DNA-damaging treatments theoretically lead to toxicity in
HR-deficient patients. This supports selected in vitro and in
vivo pre-clinical data which shows that heterozygosity for
BRCAT or BRCA2 in a carrier’s normal tissues does not man-
ifest as an increase in toxicity due to intrinsic HR deficiency.’
Furthermore, there is no evidence to date that breast cancer
patients with a BRCAT or BRCA2 mutation have increased
acute or late toxicity to radiation or chemotherapy,’' but
follow-up studies on these patients are ongoing.

Conclusion

cancers with aggressive features which we believe ben-
efited from systemic therapy in a combined modality set-
ting. Cisplatin is currently being evaluated in women with
breast cancer and a BRCA1 mutation with encouraging early
results.? It may be that BRCA2 carriers with prostate cancer
would benefit most from combined modality therapy, based
on the synthetic lethality approach, with cisplatin and/or
PARPi and local-regional RT and ADT. We believe that clini-
cal trials with agents such as PARPi and/or cisplatin provide
a unique opportunity to test the hypothesis that DNA repair-
deficient cancers will have genetically-defined sensitivity.
However, these trials need to be carefully completed and
compared with taxane-based therapies to demonstrate addi-
tional efficacy without undue toxicity in men with relative
aggressive, BRCA2-associated prostate cancers. Information
regarding toxicity and response to therapy is important to
help guide management in these unique and rare patients
whose genetic background may characterize the clinical
course and treatment of their disease.
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