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Introduction
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Benefits of intra-prostatic cancer-specificimaging other malignancies, all standard treatments for prostate
for radiation therapy cancer are applied to the entire prostate gland. This
results in the exposure of the adjacent normal tissues
Prostate cancer is a multifocal disease in 76-87% to potential damage even if that tissue is not actually
of patients [1,4,8]. Typically, 3 separate foci of can- near any cancer. Radiation oncologists and urologists
cer are seen in a prostate which has been surgically have devised methods to minimize damage to adjacent
removed, but there may be as many as twelve [1,4, normal tissues such as peripheral loading of seeds in
8]. Standard prostate biopsies cannot reliably detect prostate brachytherapy, intensity modulated radiother-
these foci [7]. Ultrasound imaging, in expert hands, apy and nerve sparing prostatectomy. However, further
has a receiver operator characteristic curve of 0.6 in sparing of normal tissues could be achieved if the treat-
determining whether a region of the prostate contains ing physician could know with confidence that no (or
cancer [3]. MRI is marginally better at detecting the little) cancer existed near a adjacent tissue based on a
separate intraprostatic foci and CT is completely in- reliable imaging technique.
effective for such imaging [7]. (MR spectropscopy As an example, patients treated with any external-
shows great promise and is discussed in this issue of beam technique receive doses of radiation that are uni-
Cancer Biomarkers.) Therefore, in contrast to most formly distributed throughout the prostate. Conse-
guently, the cancer-free regions receive the same dose
— as cancer-containing regions. The irrationality of this
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the non-canceroustissues. A similar concept appliesto ume of cancer that can be imaged with a particular
brachytherapy. Prostate brachytherapy delivers a less technique is crucial to address the concerns regarding
homogeneous dose than external-beam radiation does;leaving any significant focus of cancer untreated. Until
however, the hot spots in brachytherapy are more or a technique can image on the cellular level, a risk of

less randomly distributed throughout the prostate, with
care taken to minimize the urethral dose. Again, with
knowledge of the location of the cancer provided by im-
proved imaging, a more rational approach to planning

missing a small focus of cancer will remain. Knowl-
edge of the minimal detectable cancer volumeis crucial
applying any new imaging technique properly in the
differential treatment approach.

the seed locations could be undertaken. Radiotherapy of prostate cancer, whether using
Furthermore, extensive research has been undertak- brachytherapy or external beam techniques, is exquisite-
enin radiation oncology regarding the optimal dose for ly well suited for the differential treatment approach,
treating prostate cancer. For external-beam radiation, allowingthe radiation oncologistto exploita new imag-
this research has found that an escalation of the dose ing technique even if it imperfectly detects prostate
improves the likelihood of being free of prostate cancer cancer foci because of the ability of these methods to
in the future. For brachytherapy, a specific prescribed deliver differential doses. A radiation dose distribution
dose is considered optimal for cancer control, and post- can be tailored to the volume of cancer in the different
implant analysis is performed to assure the prescribed regions of the prostate. That is, a low dose can be given
dose is achieved. However, all dose-response data areto regions where the scan detects no cancer, but a risk of
based on delivering the prescribed dose to the entire a small volume of cancer remains. Moderate doses can
prostate gland, and are not based on the dose deliveredbe given to small regions of cancer detected by the new

to the tumor foci. Therefore, these data can serve only
as imprecise guides. With the ability to image can-
cer foci reliably, a reevaluation of the dose response
of prostate cancer, whether treated with external-beam
techniques or brachytherapy, will be possible. This
new analysis will be much more robust in its ability to
predict successful treatment and will allow improved
decision making by radiation oncologists.

Exploitation of improved intraprostatic imaging to
move away from uniform treatment of the entire gland
could be done in two ways. One method, ternael
ferential treatmentwould differentiate the treatment
intensity, delivering more treatment to regions of larg-

imaging technique and still higher doses can be deliv-
ered to regions of larger bulk of cancer. This ability to
match treatment intensity to volume of cancer is unique
to radiation and will allow the maximum exploitation
of new imaging techniques in the differential treatment
approach.

All other treatment modalities used in prostate can-
cer, such as surgery, cryotherapy and high intensity fo-
cused ultrasound are all-or-nothing therapies. These
could be used for partial prostate treatment, but not
for differential treatment. While focal treatments with
methods other then radiation therapy would fully treat
the large-volume foci, they would leave small, unde-

er cancer volumes, lesser treatment to areas of smaller tected volumes of prostate cancer untreated, and would
cancer volumes, and lesser treatments still, to those ar- not permit intermediate treatment to regions of lesser
eas where the imaging does not show cancer, but where cancer volumes. Therefore, these techniques cannot

malignant cells may exist in volumes below the level of
detection of the imaging modality. The second method,
termedpartial (or focal) treatment would only par-
tially treat the prostate gland, treating only the regions
identified as having cancer on the imaging and leaving
the other parts of the gland completely untreated. Un-
derlying this treatment approach is the assumption that
small foci of cancer that are not detected with these
new imaging modalities are not clinically relevant and
will not progress even if left untreated.

To achieve any of these improvements, a highly reli-
able imaging method is needed. The ROC curve of this
imaging should be substantially better than the ROC
curves achieved with current clinically used ultrasound
or MRI. In addition, determination of the smallest vol-

be used for differential treatment and therefore cannot
fully exploit the advances in imaging described in this
special issue dfancer Biomarkersntil those imaging
methods can reliably image prostatic tissue at the level
of individual cells.

In addition to guiding more precise, tissue-sparing
treatment, new imaging techniques may be helpful in
monitoring patients after treatment. Currently, the stan-
dard for monitoring radiation-treated patients after ther-
apy is palpation, termed a digital rectal exam (DRE),
and a blood test termed a serum prostate-specific anti-
gen (PSA) measurement. The DRE is very crude and
rarely helpful. The literature regarding the utility of
serum PSA monitoring post-treatment demonstrates an
accuracy of no better than70% [6]. The only defini-



R.D. Ennis / Potential benefits of intra-prostatic cancer-specific imaging to guide therapy

tive method available to assess the prostate itself is a
prostate biopsy. This invasive test is a strong predic-
tor of outcome, but because of sampling limitations is
not a perfect one and is prone to a high false-negative
rate [2,5]. A non-invasive means of monitoring success
after any localized treatment that leaves the prostate in
place is needed. This need will be particularly acute for
patients undergoing treatment with the techniques that

involve differential or partial treatment. Hopefully, the

new imaging modalities discussed in this special issue

of Cancer Biomarkersvill improve our ability to as-

sess the success of treatment in a reliable, non-invasive

manner.
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