22

Preclinical data in prostate cancer shows upregulation of a wide variety of
growth factors and their receptors such as PDGF, EGF, IGF, FGF, and VEGF
suggesting efficacy of agents targeting these pathways. Data on the use
of growth signal targeting in prostate cancer by tyrosine kinase inhibitors
and monoclonal antibodies alone, and in combination with chemotherapy
and/or radiotherapy seem to be promising in prostate cancer.

Antisense oligonucleotide therapy: One of the most important pathways
that bypasses the androgen receptor involves the deregulation of apoptotic
genes. Bcl-2, which regulates apoptosis (programmed cell death), is
expressed in most human cancers and is an important contributor of
resistance to therapy. Bcl-2 protein is a critical regulator of apoptosis in
many tissues and is over expressed in the majority of patients with HRPC.
Bcl-2 may mediate resistance to androgen ablation and chemotherapy and
appears to have a critical role in the transition from androgen-dependent
to androgen-independent growth. Antisense oligonucleotide therapy is
currently under evaluation.

Bone targeted therapy: HRPC is often associated with the development of
painful bone metastases. Newer generation bisphosphonates may relieve
pain caused by bone metastases, prevent treatment-related loss of bone
mineral density, possibly slow the growth of metastases, and reduce
skeletal complications. They are effective for the treatment of both osteolytic
and osteoblastic metastases.

Targeting the Endothelin Receptor: Endothelin A plays a role by
inhibition of apoptosis, stimulation of proliferation, stimulation of osteoblasts
and has pain nociceptive effects. In HRPC there are increased plasma
concentrations of Endothelin-1 (ET-1), decreased clearance of endothelin
and increased endothelin A expression. Endothelin axis deregulation
triggers a series of events that lead to a profound deregulation in cancer
cells, including key tumorigenic cellular events such as proliferation,
invasion, escape from programmed cell death, new vessel formation,
abnormal osteogenesis and the alteration of nociceptive stimuli. Atrasentan
is a potent, oral, selective endothelin-A receptor antagonist. Two large
randomized studies of atrasentan have been performed in metastatic
HRPC. A meta-analysis demonstrated a reduction in the risk associated
with disease progression, attenuation of the rise of biomarkers, delay
in time to biochemical progression, decrease in time to bone pain and
incidence of bone pain, and disease-specific quality of life benefit.
Targeting Angiogenesis: Vascular endothelial growth factor (VEGF) is
a growth factor that is essential for pathological neoplastic angiogenesis,
tumor growth and metastasis. Antiangiogenesis is a relatively new
antitumor strategy that has been employed in the treatment of many
malignancies. As prostate cancer is likely dependent on angiogenesis
for its growth and progression, it would logically serve as a good target
for this modality. Initially met with great enthusiasm, antiangiogenic drugs
have seen only limited success when used as single agents. This has
been attributed to many possible etiologies including lack of cytotoxicity
and use in situations of large tumor burden. In order to overcome these
problems, antiangiogenic agents are also being used in combination with
more traditional cytotoxic chemotherapy regimens.

The tumor-associated stroma may also produce significant amounts
of VEGF via tumor-associated induction of the VEGF gene promoter.
Inhibition of VEGF signaling with several strategies, including monoclonal
antibodies to VEGF and tyrosine kinase inhibition are currently under
clinical development. The combination of docetaxel and thalidomide an
anti-angiogenic agent has demonstrated activity in HRPC.

Other drugs inhibit several raf kinases and other tyrosine kinase targets
including VEGFR-2, PDGFR-b, FLT-3 (flit 3) and c¢-KIT, which may inhibit
both angiogenesis and cell signaling.

The outline of our present and future focus in the study of HRPC is
becoming clearer with an increasing understanding of therapeutic targeting
based on the biologic sub setting and novel therapeutics targeting several
different hallmarks of cancer.
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Target volume definition and organ motion for IMRT

J.J. Nuyttens. Erasmus University Medical Center, Radiation Oncology,
Rotterdam, The Netherlands

Intensity-modulated radiotherapy (IMRT) can shape the radiation dose
distribution with high precision, such that we can treat irregularly shaped
tumor target volumes with therapeutic doses while sparing the surrounding
healthy tissues. However, setup errors and motion of the patient or the
inner organs during the treatment can result in a geographical miss and
have a negative effect on the outcome, if the dose is conformed too closely
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to the clinical target volume. For this reason, the target volume definition
is very important and is described by the International Commission on
Radiation Units and Measurements (ICRU) Reports 50 and 62. These
recommendations clearly define the Gross Tumor Volume (GTV), the
Clinical Target Volume (CTV), the Internal Target Volume (ITV), and the
planning target volume (PTV). The GTV is the volume of known tumor. The
CTV is the volume of suspected microscopic spread. The ITV encompasses
the motion of the CTV and is formed by adding a margin [Internal
Margin (IM)] to the CTV. The PTV is the volume necessary to account
for patient motion and is formed by adding a Setup Margin (SM) to the ITV.
Although these recommendations are widely used, they have some
practical limitations because the ITV or IM is only defined for some organs
like prostate, pancreas and rectum. However for prostate cancer, the IM
was differently reported by several investigators (e.g.: the anterior-posterior
motion of the prostate ranges from 2.7 to 4.5 mm [1 standard deviation
(SD)]. The ITV has also been defined for lung cancer but the ITV is different
according to the location of the tumor in the lung. Another problem is the
deformation of the ITV caused by motion during the CT. Other pitfalls in
the ITV definition are the bladder filling or the bowel motion. A full bladder
during simulation can be requested but previous research showed that
it was difficult for the patient to be treated with a full bladder. Also the
variation of bowel inside the pelvis can be large and differ from day to day:
an anterior-posterior motion of the rectum up to 10 mm (1SD) was found.
Many techniques are developed to reduce the internal margin or setup
margin because a smaller PTV combined with an IMRT technique often
results in a dose reduction to the organs at risk. Examples of these
techniques that reduce the set up margin are patient immobilization
using molds, casts, or other restraining devices and on- or offline portal
imaging protocols. Some of the techniques that reduce internal margin
are abdominal compression, deep inspiration breathing training, active
breathing control and target tracking with markers placed in the tumor.
With this last technique the CTV to PTV margin (IM+SM) can be reduced
from 10 mm to 1 mm.
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The challenge of implementing IMRT planning

W. De Neve. University Hospital Gent, Department of Radiotherapy,
Gent, Belgium

Ideally, the IMRT planning system creates a desired dose distribution as a
sequence of treatment machine-states and monitor unit values (often called
control point sequence). In reality, the present IMRT planning systems
are not yet capable to achieve this goal autonomously. The systems are
interactive and many machine parameters have to be set upfront by a skilled
planner. Also, the desired dose distribution may be impossible to achieve
and the systems then need expert guidance to achieve an acceptable dose
distribution as a realistic goal. We define as acceptable; a dose distribution
that differs from the desired dose distribution 1) within preset limits of
dose and 2) only in regions where the desired dose distribution cannot
be physically achieved.

For IMRT planning, the dose provisional prescription guidelines in a
protocol often need to be complemented by additional parameters to
obtain suitable dose objectives for planning. Procedures to obtain these
parameters will be discussed including i) PTV-fragmentation, relaxing the
dose objectives and securing flash to deal with build-up and in-air PTV
regions, ii) priority ranking, fragmentation and weighting of importance
factors to deal with PTV and PRV/OAR overlap volumes and with conflicting
dose objectives and iii) dose constraints to the UIV (Unspecified Imaged
Volume); the creation of virtual critical structures, pseudo-OARs and shells
and the use of stepwise constraints with distance from PTV to avoid dose
littering and hot spots outside PTV and PRV/OAR.

Finally, future directions will be discussed including i) the use of probability
distributions of the CTV and OAR location based on models for anatomical
deformation that will make the concepts of PTV and PRV obsolete and will
solve many of the problems associated with build-up, flash and overlap;
ii) the incorporation of biological and functional imaging in IMRT planning;
iii) voxel-based instead of contour-based IMRT planning and iv) the use of
biological- instead of dose-objectives in IMRT planning.
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Treatment delivery

T. Knéés. Lund University Hospital, Department of Radiation Physics,
Lund, Sweden

This review will be about the developments during the last 10 years
in delivery of intensity modulated radiation therapy a.k.a. IMRT. The
techniques can in short be divided in

e tomotherapy or fan based and

o multi-leaf collimator, MLC or cone based methods.



