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A particular role for PArP inhibition in the 
treatment of familial breast and ovarian 
cancer
The poly(ADP-ribose)polymerase (PARP) family 
consists of 17 isoforms of which PARP-1 is best 
characterised. PARP is active in most tissues and 
is involved in single strand DNA repair. It uses 
NAD as a substrate to form ADP-ribose polymers 
on histone proteins and on itself. Furthermore, it 
is involved in several other functions such as epi-
genic regulation of chromatin structure and gene 
expression, interaction with transcription fac-
tors and interaction with kinetochore proteins. A 
such, PARP is a clear example of a housekeeping 
gene and as such one can doubt whether PARP 
is a decent target for anticancer drugs. However, 
the rationale for the development of PARP in-
hibitors for cancer treatment was found in the 
fact that PARP-1 inhibition in vitro was shown 
to potentiate monomethylating agents (temozolo-
mide), topoisomerase 1 inhibitors (topotecan, iri-
notecan) and radiation therapy.

In a Phase 0/1 study evaluating the activity of the 
PARP inhibitor AGO14699 (Pfizer), substantial 
PARP inhibition (≥90%) was observed in blood 
mononuclear cells and tumor biopsies without 
significant toxicity attributable to PARP as a 
single agent. Furthermore, some clinical activity 
was observed.1 When comparing the results of a 
phase II trial of AGO14699 combined with te-
mozolomide in the treatment of melanoma with 
the results in the temozolomide alone arm of a 
phase III trial comparing DTIC with temozolo-
mide, revealed that the AGO14699-temozolo-
mide combination was associated with a higher 
partial response rate (PRR, 17.4% vs. 10.9%), 
progression-free-survival (PFS, 3.5 months vs. 1.9 
months) and overal survival (OS, 9.9 months vs. 
7.7 months).2

Most interest for PARP inhibition in the treat-
ment of cancer was generated by the results of 
two studies showing that mutations in BRCA1 
or BRCA2 lead to an extreme hypersensitivity 
to PARP inhibition.3,4 Carriers of BRCA1 and 
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BRCA2 mutations are predisposed to breast, 
ovarian and a number of other cancers. BRCA1 
and BRCA2 are involved in homologous recom-
bination DNA repair, which is an error-free DNA 
repair mechanism. In mutation carriers experi-
encing damage to the second, functional BRCA 
allele, this error-free DNA repair mechanism is 
eradicated leaving error-prone DNA repair as the 
only option, which results in a higher cancer in-
cidence. When inhibiting PARP, single strand 
DNA breaks persist which ultimately leads to a 
double strand DNA break. In normal cells, this 
double strand break is rapidly corrected by ho-
mologous recombination, which is probably the 
explanation for the low toxicity of PARP inhibi-
tion seen in normal cells. In BRCA deficient cells 
however, this homologous recombination proc-
ess is compromised which ultimately leads to cell 
death, a process referred to as synthetic lethality.
At the 2009 ASCO meeting, the results of two 
phase II studies evaluating olaparib in patients 
with BRCA mutant ovarian or breast cancer were 
presented. Both studies demonstrated an overal 
response rate (ORR) of approximately 50% and 
even more patients showed some clinical benefit 
of the olaparib treament.5,6 Interestingly, in the 
ovarian cancer study, platinum resistant patients 
had a higher response rate compared with plati-
num sensitive patients (38% vs. 14%).6 
In summary, PARP inhibition provides a spe-
cific therapy for tumors arising in patients with 
BRCA1 or BRCA2 mutations. PARP inhibition 
has also been shown to potentiate chemotherapy 
agents, particularly in tumors with low homolo-
gous recombination repair capabilities.7 However, 
resistance to PARP inhibitors due to reactivating 
BRCA mutations and genotoxicity remain impor-
tant issues when using PARP inhibitors as single 
agents. When combining PARP inhibitors with 
chemotherapy, bone marrow toxicity compromis-
ing dosing may also form an obstacle. 
An important question now is whether PARP 
inhibitors should undergo clinical trials for che-
moprevention in known BRCA mutation carriers. 
This could potentially prevent all BRCA related 
cancers and would avoid invasive surgery. How-
ever, PARP inhibition is potentially genotoxic and 
other long term organ toxicities are yet unknown. 
Nevertheless, the fact that the high cancer risk 
seen in mutation carriers could be reduced sig-
nificantly may justify a small excess risk of other 
cancers. To be investigated.

Predictive markers of response to therapy in 
solid tumors: are they ready for clinical use?
Circulating tumors cells
Circulating tumor cells (CTCs) are occult or mi-
crometastatic cells which can be detected in the 
peripheral blood of cancer patients. Currently, sev-
eral platforms for CTC detection exist (CellSearch, 
Maintrac, RT-PCR) and CTCs have been charac-
terised at DNA, RNA and protein level.
The presence of more than 5 CTCs per ml blood 
of patients with metastatic breast cancer was shown 
to be associated with a significantly worse OS 
compared with patients having 5 CTCs or less per 
ml blood.8 Standard imaging is able to differenti-
ate metastatic BC into patients with stable disease 
(SD) or a partial response (PR) and patients hav-
ing progressive disease (PD). However, using CTCs, 
these two subgroups can both be subdivided into 
a group with more than 5 CTCs/ml blood and a 
group having 5 or less CTCs/ml blood. Patients in 
these subgroups display a significantly different OS 
(patients with SD and PR with more than 5 CTCs 
vs. 5 or less CTCs: 19.9 months vs. 26.9 months; 
p=0.04 / patients with PD with more than 5 CTCs 
vs. 5 or less CTCs: 6.4 months vs. 15.3 months; p< 
0.01).9 Furthermore CTCs were shown to be more 
potent in differentiating good and bad responders 
(more than 5 CTCs vs. 5 or less CTCs: 10.9 months 
vs. 26.9 months, p= 0.0041) than CA15.3 determi-
nation (14.2 months vs. 19.5 months; p=0.21).10 A 
similar superiority of CTC determination in differ-
entiating responders from non-responders was also 
demonstrated in castration resistant prostate cancer 
and colorectal cancer.11,12 
In conclusion, CTCs provide additional informa-
tion beyond standard imaging in solid tumors and 
were shown to be more accurate than serum mark-
ers in several small studies. Confirmation in larger 
trials is however warranted. When addressing the 
question what the current role of CTCs in clinical 
practice can be, one must first establish whether 
CTCs have an added value to the wide range of 
established prognostic markers already available 
(tumor size, lymph node involvement, tumor dif-
ferentiation, Ki67 expression, etc.). Concerning 
metastatic cancer, it is clear that it is more impor-
tant to develop more efficient treatment options, not 
to know earlier that a patient has a bad prognosis. 
Furthermore, the economic impact of CTC evalu-
ation should be taken into account. In conclusion, 
CTCs are not yet ready for widespread use in every-
day clinical practice.
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PET-CT
In contrast to the standardised guidelines integrat-
ing the use of PET and CT in melanoma, the evi-
dence in solid tumors is far less clear. In contrast to 
melanoma, solid tumors are rarely completely cured 
with chemotherapy and as a result, residual FDG 
uptake remains even in good responders. Therefore, 
quantification and standardisation of PET data are 
needed in solid tumors and uptake thresholds need 
to be determined. Furthermore, therapy is much 
more complicated in solid tumors (multimodal-
ity treatment) making the timing of the PET scan 
important. Underestimation of the response due to 
inflammation and the fact that minimal residual 
disease cannot be detected further complicates PET 
in solid tumors. As a result, no standardised PET or 
PET-CT response criteria for solid tumors are avail-
able at the moment.
In a study by Rouseau et al, 64 breast cancer pa-
tients were treated with 6 cycles of chemotherapy 
after which the pathological response was evaluated. 
Afterwards, the correlation between PET and path-
ological response was determined.13 First of all, it 
was clear that even non-responders showed a reduc-
tion in FDG uptake. However, the main result was 
that a better pathological response was correlated 
with a higher decrease in FDG uptake.13 Another 
important observation was that the cut-off of uptake 
depends on the time of the PET scan. If the PET 
scan is performed early (after 1 or 2 cycles of chemo-
therapy) the cut off can be put at a 30% decrease in 
uptake, whereas the cut-off should be put at 50% to 
60% when the PET scan is performed later (after 5 
or 6 cycles).13 Furthermore, an EORTC meta-anal-
ysis of studies correlating PET with pathological re-
sponse in the neo-adjuvant setting containg more 
than 400 patients in total, showed that for all tumor 
types, a 10% decrease in SUV is correlated with a 
17% increase in pathological response. In conclu-
sion, there is a good correlation between FDG up-
take and pathological response.
The available data on the correlation of PET and 
outcome are however conflicting. This is clearly il-
lustrated by two studies on NSCLC. In a first study 
by Hoekstra et al, NSCLC patients were treated with 
three cycles of cisplatin based chemotherapy after 
which outcome was correlated with FDG uptake af-
ter 1 and 3 chemotherapy cycles. Both after 1 and 3 
cycles, a clear correlation between FDG uptake and 
outcome was observed (after 1 cycle, threshold at 
30% reduction: p= 0.007; after 3 cycles, threshold 
at 60% reduction: p= 0.003).14 Furthermore, this 

study demonstrated that measuring FDG uptake 
added information to RECIST evaluation: in bad 
CT responders, having a dismal outcome, SUV was 
of little use. However, good responders on CT with 
an SUV ≤3 had a significantly better outcome than 
patients with an SUV ≥3. Positive results were also 
obtained in a study by Decoster et al.15

A second study, combining two retrospective trials 
of neoadjuvant CT prior to surgery in NSCLC, on 
the other hand showed conflicting results. In this 
study, PET and chemotherapy were determined be-
fore the start of chemotherapy and before surgery. 
FDG-PET did not correlate with outcome at all, 
whereas CT was correlated with outcome in stage 
IIIb NSCLC patients.16 The most likely explanation 
for the fact that, no correlation was shown in this 
study is the fact that, in contrast to the first study, 
PET was not standardised.
In conclusion, until now, no standardised guide-
lines integrating the use of PET and CT in solid 
tumors existed. However, the EANM has recently 
developed procedure guidelines for tumor PET im-
aging.17 These guidelines can be consulted at the 
EANM website. Furthermore, the FDG-PET work-
ing group is currently collaborating with the RE-
CIST committee in order to expand the RECIST 
database with FDG data.

should PcA3 replace PsA in prostate cancer?
PSA screening is very widespread and in the recently 
published ERSPC study it was shown to be associ-
ated with a 20% reduction in prostate cancer mor-
tality.18 However, looking at the absolute numbers 
in this study is quite confronting: a total of 1,410 
men would need to be offered screening and an ad-
ditional 48 would need to be treated to prevent 1 
prostate cancer death during a 10 year period.18

One of the big problems with PSA as a screening 
tool is that on average 4 biopsies are required to 
find one prostate cancer patient.18 Furthermore, a 
negative initial biopsy will frequently result in one 
or more repeat biospies as 10% to 35% of negative 
initial biopsies harbour prostate cancer on repeat 
biopsy and 11% of men with a negative initial bi-
opsy develop prostate cancer within 7 years. A third 
problem with systematic PSA screening is that many 
‘indolent’ prostate cancers are diagnosed and as a 
result overtreated. Therefore, the challenges for  new 
prostate cancer markers are to reduce the propor-
tion of first and repeat biopies and help reduce the 
overtreatment by improving the identification of in-
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dolent prostate cancer.
The prostate cancer gene 3 (PCA3) is only expressed 
in prostate cells. Furthermore it is very prostate can-
cer cell specific as it is expressed 66 times more in 
prostate cancer cells compared with normal prostate 
cells. The PCA3 score is determined using a double 
PCR assay quantifying the amount of PCA3 and 
PSA mRNA and subsequently dividing both values. 
This PCA3 score yields a much better correlation 
with the prostate biopsy than PCA3 alone.19 The 
higher the PCA3 score, the greater the probability 
of a positive repeat biopsy. As such, the use of PCA3 
can spare 3 biopsies every 4 patients. Furthermore, 
the PCA3 score is correlated with tumor volume, 
Gleason score and low volume/low grade cancer ver-
sus significant cancer.20

The PCA3 test requires the collection of the first 20 
to 30ml of voided urine after a digital rectal exami-
nation (DRE). Without DRE the test provides valid 
results in approximately 80% of the cases, but DRE 
increases this yield to more than 98%. The test takes 
4 to 10 days costs 264€. In conclusion, PCA3 has 
the potential to become an additional specific mark-
er for early prostate cancer.
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