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Abstract
Strategic planning for the Radiation Therapy Committee of the Southwest Oncology Group (SWOG)
is comprehensively evaluated every six years in an effort to maintain a current and relevant scientific
focus, and to provide a standard platform for future development of protocol concepts. Participants
in the 2008 Strategic Planning Workshop included clinical trial experts from multiple specialties,
industry representatives from both pharmaceuticals and equipment manufacturers, and basic
scientists. High priority research areas such as image-guided radiation therapy for control of limited
metastatic disease, analysis of biomarkers for treatment response and late toxicity, assessment of
novel agents in combination with radiation, standardization of radiation target delineation, and the
assessment of new imaging techniques to individualize cancer therapy, were discussed. Research
priorities included clinical study designs featuring translational endpoints that identify patients most
likely to benefit from combined modality therapy; intervention including combination radiation with
standard chemotherapy; radiation with radiosensitizing molecular-targeted therapies; and
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stereotactic radiation for treatment of patients with regard to asymptomatic metastasis and radiation-
induced tumor autoimmunity. The Committee concluded that the future research opportunities are
among the most exciting to have developed in the last decade, and work is in progress to embark on
these plans.

Keywords
translational clinical studies; image-guided radiation therapy; radiosurgery; metastasis; tumor
markers

Introduction
Strategic planning for the Radiation Therapy Committee of the Southwest Oncology Group
(SWOG) is comprehensively evaluated every six years in an effort to maintain a current and
relevant scientific focus (1). The scientific strategy developed by the Committee provides a
standard platform for future protocol concepts developed by its members. The Committee
prioritizes the scientific strategy in accordance with subjects relevant to a medical oncology
cooperative group. To be successful, these concepts must have a forward vision with treatment
strategies and/or translational technology that does not preclude widespread national
participation. Also, they must not be overly specific to a particular primary tumor site or
histology and must encompass contemporary clinical trial design. Finally, the prioritized
concepts must be exciting enough to compete against the many protocols being evaluated by
the individual SWOG disease site committees.

A goal of cancer treatment is to improve tumor control while minimizing normal tissue toxicity.
Over the past six years, advances in image-guided radiation treatment (IGRT) have exceeded
most expectations, and the wide availability of these technologies has opened powerful
research opportunities. For example, IGRT may be used to reduce radiation-related toxicity
through improved targeting of the tumor and exclusion of normal tissue. Moreover, IGRT may
allow oncologists to safely irradiate tumors that were formerly difficult or unsafe to treat. Such
targeting techniques now allow for high-dose radiation treatments with accuracy that was
previously only available by direct surgical visualization.

New biological therapies are also becoming available, many with radiation-sensitizing profiles.
It is quite possible that biologic-radiation combinations could outperform or provide a further
additive benefit to standard chemoradiation strategies. Many of these biologic agents are
already being used or are proposed for study by the disease site committees of SWOG,
providing an important opportunity to concurrently evaluate their impact on radiation response.
Recent preclinical investigations also suggest a role of these novel biologic agents in decreasing
radiation-related normal tissue toxicity (2-4). Thus, some biologic agents may be of dual
benefit, producing tumor radiosensitization while reducing long-term normal tissue damage
by lowering oxidative stress and reducing cytokine-mediated fibrovascular complications.

The current Radiation Therapy Committee Strategic Planning Workshop was held on May 2,
2008 at the SWOG Group Meeting in Atlanta, Georgia. Participants were chosen from the
SWOG leadership and included radiation oncologists with translational and/or imaging clinical
experience, translational basic scientists, and individuals in industry with an understanding of
radiation biology and drug/radiation interactions. The workshop participants were asked to
review the relevance of the concepts chosen in 2003, and then to consider approaches to
accelerate research progress. The group was also asked to make concrete recommendations to
test the scientific strategies they propose. This article is a summary of the consensus of the
Workshop.
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Clinical Trial Design Recommendations
Randomized trials that feature arms with and without radiation have been a strong research
component of SWOG and form the basis of contemporary evidence-based practice (5,6). These
Phase III studies will continue to be among the most important, with the expectation that
modern radiation delivery techniques might positively impact local control, side effects, and
even survival. However, the initial testing of these radiation techniques with standard or with
novel agents is likely to be best accomplished through single arm or randomized Phase II trials.

In this context, Dr. Bhadrasain Vikram, Chief of Extramural Clinical Radiation Oncology at
the National Cancer Institute (NCI) and Keynote Speaker, suggested that in order to maximize
clinical impact, the design of a Phase II trial in which novel radiation delivery is added to
current drug therapy should offer at least one of the following advances over standard care: (i)
novel design with scientific endpoints; (ii) incremental benefit; or (iii) first in human studies
with combined novel agents and radiation.

(1) Novel design with scientific endpoints
With advances in systemic and biologic therapies, improvements in survival may be achieved
in the setting of stage IV disease. Patients are often living with a low burden or single regions
of metastatic spread, often referred to as an “oligometastatic” state. For these patients, novel
IGRT techniques to the area of oligometastases may offer long-term disease control and impact
survival. Stereotactic radiosurgery (SRS), or stereotactic body radiation therapy (SBRT), in
which high doses of radiation are targeted to the tumor in one to ten fractions, may be of
important benefit in this regard. Data are emerging that patients with limited asymptomatic
metastases may experience improved disease-free survival and quality of life after SRS or
SBRT (7). Long-term disease-free survivals are seen in most single institutional SBRT studies,
suggesting that some patients may in fact be cured. Since the majority of patients also had
concomitant chemotherapy on these studies, one hypothesis is that chemotherapy is controlling
micrometastatic disease leading to an oligometastatic state. The oligometastases are then
consolidated by the radiosurgery (8). Other studies now suggest that the high-dose fractions
of radiation associated with brain SRS or SBRT may produce a tumor-specific autoimmune
effect that can optimally lead to improved disease-free survival.

As such, SWOG 0928 “Extracranial Radiosurgery for Women with a Limited Number of
Known Metastases from Breast Cancer – A Limited Institution, Phase II Study” is in
development. An example of a radiosurgery treatment for limited metastatic disease is depicted
in Figure 1. The proposed investigation has a primary endpoint of exceeding the progression-
free survival of chemotherapy trials for metastatic breast cancer with the use of ten targeted
treatments of radiosurgery, each delivering 500 cGy, to the metastatic focus. Interestingly, the
NCI has recently identified the local treatment of asymptomatic metastasis as a specific area
of research importance and has created a working intergroup to discuss protocol design of
clinical studies. The SWOG Radiation Therapy Committee will strive to attain a leadership
role in that committee. Studies similar to the above breast cancer trial are relevant in colorectal
and prostate cancer patients with asymptomatic metastases.

A lack of available symptom management agents for the prevention of early or late sequella
of radiation or chemotherapy is also worthy of investigation. Circulating molecular markers
may identify patients at risk for the development of such therapy-related complications,
allowing earlier intervention. Cooperative groups are in a particularly powerful position to
evaluate these markers as secondary correlative endpoints. Randomized studies in which the
survival outcome is found to be similar in all arms, but with different toxicity profiles, are
especially ripe for analysis for toxicity markers. The SWOG Radiation Therapy Committee
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will pursue such investigation. These studies are planned in locally advanced non-small cell
lung cancer and limited small cell lung cancer.

(2) Incremental benefit
Incremental benefit trials aim to identify a subset of patients who may receive maximal benefit
from a new therapy, with the least harm and expense to those unlikely to experience a benefit
to treatment. To this end, one could also apply the investigation of radiosurgery compared to
standard symptom management of patients with low burden metastatic prostate cancer (9,10).
Studies that identify molecular markers for the development of metastases, or investigations
that advance imaging of small metastases, will be of substantial interest in the next decade.

(3) First in human studies with novel agents and radiation
Novel agents, such as biologics, can be added to radiotherapy regimens in a similar manner as
to chemotherapy regiments. Translational studies in cell culture and laboratory animals should
proceed in concert with the clinical studies.

Translational Research Priorties
Using Radiation to Test the Oligometastasis Hypothesis

Many patients with metastatic disease appear to defy the dogma of the systemic nature of
hematogenous metastases; they enjoy long-term stability in the number of sites and/or number
of organs involved. The hypothesis “metastatic disease might be limited in scope” has been
postulated for at least 40 years (11-13), and is a theoretical phenomenon that in 1995 was
termed “oligometastases” (14,15). The advent of SBRT, particularly when guided by magnetic
resonance imaging and positron emission tomography, now allows for the detection and
definitive treatment of very small metastatic lesions. These imaging technologies are causing
a stage migration, since many patients formerly thought to have M0 disease are now defined
as M1. The impact this imaging has on treatment outcomes is unknown, but may
inappropriately discourage standard curative treatment regimens.

On the other hand, the ability to treat small lesions has led to more widespread acceptance of
high dose stereotactic radiation for these tumors, as well as minimally invasive surgical and
invasive radiological techniques (16-18). The benefit of these is assumed to be positive, but
has not been properly tested.

Taken together, these data suggest that a patient with oligometastasis may have a better
prognosis than one with more sites of disease. While there is not yet sufficient evidence for
substaging M1 disease, our developing study, SWOG 0928, will hopefully yield a benefit and
suggest subgroups of M1 disease that benefit from local therapy. For example, in breast cancer,
nearly every prognostic index developed for metastatic disease has demonstrated that patients
with lower tumor burden, as defined by number of sites of disease and/or number of metastases
within a site, have substantially better survival than do those with multiple sites (19-21). Prior
to initiating such large definitive randomized trials, it is of value to conduct prospective pilot
and phase II studies to gain experience with the radiation techniques and to observe whether
there are subgroups of patients most likely to benefit. In this regard, surrogate markers of benefit
might be of value. These might include circulating soluble markers, such as CEA, CA125,
circulating MUC1 (CA15-3, CA27.29), extra-cellular domain of HER2, and PSA in the
respective diseases for which they have been validated. Likewise, recently reported studies
have demonstrated that circulating tumor cells (CTC) can be reliably and reproducibly
identified and enumerated in patients with breast, colorectal, and prostate cancers, and that
changes in CTC are strongly associated with progression-free and overall survival, suggesting
that they reflect response to treatment (22).
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The observation that a high dose single fraction of radiation can produce tumor specific
autoimmunity was discovered in the 1970s (23-27), and more recently has been seen in patients
undergoing prostate irradiation or receiving immune adjuvants (28,29). The use of stereotactic
radiation usually includes high dose fractions of radiation and might induce tumor
autoimmunity, partly explaining the high frequency of long-term disease free survivals seen
internationally in various clinical trials (9,30). A high priority was placed in developing studies,
including immunological endpoints, which might help answer whether this phenomenon is
occurring in this patient population.

Dr. Lisa Kachnic, Vice Chairperson of the SWOG Radiation Therapy Committee and SWOG
Gastrointestinal Radiation Vice Chair, noted that lysyl oxidase (LOX) is involved in the cross
linking of collagen and elastin, and is overexpressed by hypoxic tumor cells and by metastasis
from breast cancer. Inhibitors of LOX abrogate in-vitro breast cancer cell invasion and LOX
appears essential for hypoxia-induced metastases (31-33). In breast cancer, high LOX
correlates with increased metastases, estrogen receptor negativity, and shorter metastasis-free
and overall survival (34-36). This marker may be useful for identifying high-risk patients for
the development of metastases and could provide a circulating marker indicative of a beneficial
response. Molecular markers similar to LOX are high priority if we are to develop incremental
benefit trials for patients with a low burden of asymptomatic metastases.

Combinations of Radiation with DNA Repair Inhibitors
Defects in most, if not all DNA repair pathways, create cells that are more prone to reproductive
sterilization by irradiation. In contrast, different chemotherapy drugs exhibit very specific
sensitization to a more limited set of repair pathways (37). Among pathways relevant to
radiation response is homologous recombination (HR). Defects in HR proteins, prominent in
the BRCA network, change the chemotherapy-sensitivity profile, rendering such cells sensitive
to mitomycin C, cisplatinum, tirapazamine, etoposide, and other drugs that produce complex
double strand lesions in DNA (38,39); as well as resistance to drugs such as taxanes or navelbine
(vinorelbine) (40). The latter are two very important drugs for breast cancer chemotherapy.
Therefore, knowledge of whether this specific DNA repair pathway is defective, as well as
developing effective inhibitors of this pathway, would be valuable information in planning
optimized individualized therapy.

Checkpoint kinase 1 (Chk1) and poly (ADP-ribose) polymerase (PARP) are two proteins also
involved in double strand DNA repair (41,42). There are many agents targeted against these
proteins in development that might be employed with radiation. ABT-888, which is probably
the best known (43), is a potent inhibitor of PARP, has good oral bioavailability, can cross the
blood-brain barrier, and potentiates temozolomide, platinums, cyclophosphamide, and daily
radiation in syngeneic and xenograft tumor models. This broad spectrum of chemopotentiation
and radiopotentiation makes this compound an attractive candidate for clinical evaluation
(44,45).

Evaluation of Agents in Combination with Radiation to Reduce Late
Treatment Sequellae

Combinations of radiation, cytotoxic chemotherapy, and surgery are increasingly being
employed to treat local and metastatic disease. A reason for this is the current ability to better
manage side effects from all treatment modalities. Until recent years, radiation following
prostatectomy or surgery following radical radiation of the pelvis was rarely performed due to
severe toxicity. While the safety of these combined treatments is much better than in the past,
many patients still report significant bladder toxicity, some requiring hospitalization (46-48).
Much has been learned regarding the risk factors for and the mechanism of bladder-related
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complications after combined modality treatment, but very little has been done to clinically
exploit that basic research. Bladder morbidity is hypothesized to be due to fibrovascular
changes. Subendothelial proliferation, edema, and medial wall thickening may progressively
deplete the blood supply to the irradiated tissue. Some agents have been evaluated in single
institution studies that could prevent toxic fibrovascular effects, which are unlikely to hinder
tumor response. Included among these are curcumin (49-52), pentoxifylline (53), and statins
(54,55). Dr. Michael Zelefsky, SWOG Genitourinary Radiation Vice Chair, reviewed 871
patients treated with prostate cancer between 1994 and 2000 and noted that patients incidentally
on statins appear to have reduced treatment-related complications, lower PSAs, and fewer
metastases (56,57). The mechanism for this may be related to macrophage and osteoclast
reduction, subsequently causing reduced inflammation, less fibrosis (57), and a less fertile
marrow microenvironment for bone metastases (58) leading to tumor suppression. The
development of clinical trials with molecular correlates to evaluate such agents is of high
priority.

Combinations of Radiation with Biological Modifiers
Biological modifiers currently available for national clinical testing include agents aimed at a
number of cellular and physiological targets such as hypoxia, cell proliferation, apoptosis,
angiogenesis, cell migration, and cellular maturation. All have potential interaction with
radiation. Areas of tissue hypoxia are likely among those most resistant to radiation, a
phenomenon that is physical and chemical in nature. Hypoxic regions also express
angiogenesis and migration factors that promote metastasis (59,60). Identification of hypoxia
markers in the plasma or pathology specimens can therefore help in defining optimal therapy
and are worth investigating as correlative markers for future incremental gain studies (61,62).
Cellular proliferation is known to accelerate during a course of radiation. “Accelerated
repopulation” is likely due to increased epidermal growth factor receptor (EGFR) activation
that can occur progressively during a course of irradiation (63-65). Inhibition of that process
should improve radiation response. EGFR activation can also occur during a course of
chemotherapy, reducing the potency of subsequent radiation. Thus, inhibition of treatment-
enhanced tumor proliferation should also be advantageous for radiation given following
chemotherapy.

Most radiation-induced cell death of adult solid tumors is an indirect consequence of
reproductive inactivation (mortilization) mediated by chromosomal damage. Apoptosis is also
enhanced by irradiation, and radiation predisposes both the intrinsic and extrinsic apoptotic
pathways. In contrast, most chemotherapy cytotoxicity is believed to be apoptosis-mediated,
and drug resistance is often attributed to resistance to apoptosis. The optimal combinations and
timing of radiation and cytotoxic therapy have not been defined for many tumors. It is likely
that low-dose radiation combined with an apoptotic agent can improve chemotherapy response.
This is one explanation used to explain the impact of low dose radiation in Rituxan®-resistant
lymphoma treated with Zevalin® (66,67). Radiation can induce apoptosis through a number
of pathways, most prominently p53. Tumors with p53 mutations exhibit increased resistance
to apoptosis and many systemic agents (68,69). Radiation-induced apoptosis can also be
reduced in p53 mutant cells, but local tumor control rates and reproductive inactivation
following radiation are minimally impacted. Thus, p53 mutated tumors are another category
of tumors that might benefit from a combined treatment approach. Marker studies for p53 may
also help us to achieve more individualized therapy.

Dr. David Raben, Professor at the University of Colorado Denver, emphasized that
antiangiogenesis may have an important interchange with radiation. Most antiangiogenic
agents not only decrease the rate of tumor growth, but increase tumor oxygenation due to a
slowing of tumor cellular oxygen consumption (70,71). Improved oxygenation would allow

Okunieff et al. Page 6

Clin Cancer Res. Author manuscript; available in PMC 2010 November 11.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



tumor control at lower radiation doses. Prevention of cellular migration, and thereby
elimination of new metastases, is a holy grail for local therapies. Antiangiogenesis might
prevent new metastases and augment the value of local therapy. Antiangiogenic factors, like
radiation, also predispose cells to apoptosis, often through indirect inactivation of nuclear
factor-kappa B (NFKB) and other growth promoting signaling pathways. Regarding growth
and angiogenesis inhibition, there are several interesting kinase and receptor inhibitors.
Vanatinib (ZD6474) is a broad-spectrum inhibitor of vascular endothelial growth factor
receptor (VEGFR) with cross reactivity on EGFR signaling. In vitro studies suggest that kinases
can work together additively. Erlotinib and bevacizumab seem to work together with vanatinib
for the treatment of head and neck squamous carcinomas. To this end, collaborations with
industry to study radiation interactions with novel targeted agents, and with combinations of
targeted agents aimed at angiogenesis inhibition, have appeal.

Dr. Beverly Teicher, Vice President for Oncology Research at Genzyme Corporation, noted
that transforming growth factor beta (TGFβ) inhibition is likely an exciting new approach to
both reduce normal tissue fibrovascular toxicity and improve tumor response (72). TGFβ
causes fibroblast proliferation, is angiogenic, and promotes osteolysis. TGFβ is
immunosuppressive, and through its effects on T-regulatory cells, increases immune tolerance.
Animal models and human studies confirm the role of TGFβ in the development of radiation
and drug-induced fibrovascular complications of the lung, liver, and soft tissues (73-77). Thus,
TGFβ suppression should doubly benefit by reducing late consequences of combined modality
therapy while improving tumor response. There are several agents in development including
GC1008, anti-TGFβ antibody, and tumor autoimmune LY215299 (a TGFβ type 1 kinase
inhibitor), all meriting investigation. Regarding reduction in the number and frequency of new
metastases, Sarc kinase is a pathway of great interest (77). When these agents become available
for clinical study, they should be considered for assessment in patients with metastatic disease.
For example, agents for the reduction of new metastases should be of particular value to patients
treated for a limited number of metastases.

Combinations of Radiation with Chemotherapy
Combination Chemotherapy and Radiation

Most chemotherapeutic drugs cause DNA damage, prevent DNA damage repair, increase
apoptosis, or alter microtubule function, thus adversely affecting the mitotic apparatus. All of
these processes can interact with radiation.

Priority Objectives for Combinations of Radiation with Chemotherapy
Antitumor platinum complexes—There are three antitumor platinum complexes
available (oxaliplatin, carboplatin, and cisplatin) for clinical trials. Many clinical studies have
demonstrated important interactions between cisplatin and radiation for both local control and
prevention of metastases. Platinum drugs also radiosensitize cells in all phases of the cell cycle,
probably due to inhibition of DNA repair by DNA adducts. Animal models demonstrate high-
dose modification factors, particularly when the doses of platinum drug or radiation are
individually insufficient to cause cell death (78). As an example, platinum drugs will have low
concentrations in hypoxic tumor regions, but together with radiation, might meet the level
needed to kill tumor cells (79-81). Cancers that respond well to platinum drugs and to
irradiation include ovarian, head and neck, bladder, testis, and lung (82). Combined radiation
and platinum drugs have already been proven in many SWOG protocols, and additional studies
remain of interest.

Pyrimidine analogs—These drugs include 5-fluorouracil (5FU), gemcitabine, and
halogenated pyrimidines. They typically have powerful independent cytotoxicity, especially

Okunieff et al. Page 7

Clin Cancer Res. Author manuscript; available in PMC 2010 November 11.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



to S-phase cells that are the least sensitive to radiation killing. Radiation can quickly cause
upregulation of thymidine kinase (Tk), involved in DNA repair. Inhibition of Tk by 5FU or
gemcitabine is probably an important aspect of their interaction with radiation (83). Since even
sublethal doses of 5FU are powerful radiosensitizers, dose de-escalation of either radiation or
drug may be possible, and warrant study.

Topoisomerase inhibitors—Inhibition of topoisomerase activity produces a complex
containing a single strand break. Radiation induces thousands of single strand breaks per Gray,
but only about 50 double strand breaks. Complex single strand breaks, such as those that might
occur in combination with topoisomerase inhibitors, can combine to powerfully increase
double strand breaks. This should be particularly evident in S-phase cells (84-86). Preclinical
studies suggest that this group of drugs must be simultaneously present with radiation, leading
to a demanding infusion schedule. For example, the local control rate of pulmonary tumors 5
years after combined modality therapy is commonly 80-90% when topoisomerase inhibitors
are combined with radiation (87). Further improvements may be seen if the scheduling of these
agents with radiation is optimized.

Taxanes—Taxanes synergize with radiation, particularly when these drugs produce a G2/M
cell cycle blockade. G2/M synchrony can be achieved (beginning about 4 hours after exposure
and continuing for as long as 72 hours) following low dose drug exposures, such as with weekly
infusions (79,88,89). In vitro, twice weekly taxane exposures can sensitize tumor cells for 5
days, allowing for daily radiation treatments (89-92). Substantial gains may be possible for
tumors naturally sensitive to taxanes combined with radiation for both adjuvant and primary
treatment of a variety of solid tumors.

Advanced Imaging in Radiation Delivery
Dr. Clifton Ling, Director of Advanced Clinical Research at Varian, suggested that the various
components of radiation therapy can be described as the 6 D's, and each may be improved with
advanced imaging:

1. Detection and diagnosis of the tumor

2. Delineation of the tumor and organs at risk

3. Determining the clinical and biological characteristics of combination therapy

4. Dose distribution

5. Delivery of the treatment

6. Deciphering response to treatment

Most critical in the era of highly conformal radiation therapy is the delineation of the tumor
and organs at risk. Several studies performed in recent years demonstrate that experienced
physicians can disagree substantially in the definition of a radiation treatment volume even if
the definitions are carefully defined in a clinical study (93). Immediate pre-treatment evaluation
of radiation volume and field design is therefore of increasing importance as we incorporate
intensity modulated radiation therapy (IMRT) and IGRT techniques into the standard of care
used in national clinical trials. Furthermore, definitions of radiation treatment volumes become
complicated with the addition of metabolic imaging such as PET.

When incorporated into IMRT and IGRT, advanced imaging techniques tailor radiation fields
to cover the tumor(s) while avoiding unnecessary irradiation of non-involved normal tissues.
The promise and risk of these techniques lie in both the ability to raise the tumor dose and the
requirement that the tumor be correctly delineated. New three dimensional and metabolic and
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molecular imaging studies are likely to become standard (e.g. PET, MR spectroscopy), and its
use therefore will need to be standardized. The skills and judgment of the radiation oncologist
become more critical, and are harder to standardize. Incorporation of IMRT and IGRT into
clinical protocols is important to the success and relevance on national clinical trials, and is a
high priority of the Committee. Indeed if this is not accomplished the future of reliable multi-
disciplinary cooperative group studies is at risk. Therefore, the Radiation Oncology
Committees will need to develop methodologies that assure consistent and correct definitions
of tumor and normal tissue when these technologies are employed.

To this end, the Radiation Therapy Committee has recently commenced a pilot study of
centralized target volume delineation analysis in a sample rectal cancer case, a “Big Brother
Study.” Big Brother is a computerized contouring software program. The goals of this study
are two-fold: 1) to provide clinical trial quality assurance of a newly opened SWOG rectal
cancer phase II study which allows for the use of IMRT, and 2) to assess the educational benefit
of a newly developed site-specific anorectal contouring atlas in improving clinical target
delineation. Our hope is that Big Brother or similar methods will help to improve the radiation
planning directives for future clinical trials and increase the consistency of treatment volume
definitions (93).

Additionally, there is potential for the development of agents to image for tumor features other
than glucose metabolism to guide the choice of combined agents and radiation dose. These
have not yet reached the level needed for national clinical testing, but are likely to progress
over the next six years and are of interest to SWOG. These include 18F-fluoromisonidazole
(18F-MISO) to identify areas of hypoxia (94), markers for DNA or protein synthesis (95,96),
and expression of cell surface receptors for growth and angiogenesis factors. Numerous
interventions will then be possible, including hypoxic sensitizers, DNA repair inhibitors, and
growth and angiogenesis factor inhibitors that might be employed based on individual tumor
characteristics. Likewise, portions of a tumor can be radiation therapy-dosed in accordance
with their predicted sensitivity; for example, delivery of a higher daily fraction size of radiation
may be delivered to the regions of a tumor that are hypoxic or more rapidly proliferating based
on imaging studies performed on that day. Pilot studies of this type will deserve cooperative
group investigation. Ultimately, groups like SWOG will critically evaluate these new imaging
techniques and the proper incorporation of these technologies into the standard of cancer care.

Summary
The Radiation Therapy Committee Strategic Planning Workshop developed a consensus
regarding high priority areas of clinical and translational research for the future. The developing
SWOG 0928 Phase II study “Extracranial Radiosurgery for Women with a Limited Number
of Known Metastases from Breast Cancer” will hopefully address the oligometastatic
hypothesis. Additional secondary questions worthy of study are the impact of high dose per
fraction radiation on antitumor immunity, the role of metastasis markers for selecting high-
risk patients needed for incremental benefit trials, and the evaluation of treatment outcome.

Quality assurance remains a demanding responsibility of the Radiation Therapy Committee,
particularly given the current advanced imaging and targeting techniques that are increasingly
used, but which are very difficult to standardize. One of our roles is to support the Disease Site
Committees of SWOG, and in doing so we will attempt to schedule and dose the radiation in
accordance with temporal relationships to the radiation that maximizes benefit. By using tissue
and serum collection, we will aim to better interpret the tumor and normal tissue responses to
standard therapy. Most critical in the era of highly conformal radiation therapy, and the
incorporation of metabolic imaging, motion correction techniques (e.g. IGRT, plan adaptive
and gated techniques) is the consistent and accurate delineation of the tumor and organs at risk.
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Our hope is that the Big Brother Study or similar methods will help to improve the radiation
planning directives for future clinical trials and increase the consistency of treatment volume
definitions. We are currently engaged in trials for tumor volume delineation using the Big
Brother system.

There are also many opportunities to utilize molecularly targeted agents to reduce tumor growth
during a course of radiation, to prevent dissemination of metastases, to increase radiation tumor
response, or to prevent or ameliorate treatment-related morbidity. When feasible, the radiation
interaction with these agents should be studied as part of the combined modality therapy.
Biological correlates and advanced imaging studies should prove valuable in this regard.
Specimens from randomized studies that have a “no radiation arm” have particular advantage
for secondary analyses.

Taken together, there are many exciting opportunities to pose critical, clinical, and scientific
questions for which the Radiation Therapy Committee of the SWOG is superbly positioned.
Many of these research opportunities have the potential to change the current paradigms for
the management of both local and metastatic cancer.

Statement of Translational Relevance

In this report, we summarize a May 2008 Strategic Planning Workshop held by the
Radiation Therapy Committee of the Southwest Oncology Group to discuss scientific
hypotheses relevant for national clinical and translational investigation. High priority areas
for research are image-guided radiation therapy for control of limited metastatic disease,
analysis of biomarkers for response and late toxicity, assessment of novel agents in
combination with radiation, standardization of radiation target delineation, and the
assessment of new imaging techniques to individualize cancer therapy. The overarching
purpose of this research is to advance the future management of a variety of cancers.
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Figure 1.
A liver metastasis from breast cancer was treated to 50 Gy at 5 Gy per fraction over 12 days
(hatched volume). Six weeks following irradiation there was an area of hypoperfusion (solid
line) on computerized tomography and the tumor becomes necrotic. The hypoperfusion volume
approximates the 37 Gy isodose contour. Six months after irradiation, the necrotic tumor area
remains (hatched volume), perfusion partly recovers in the damaged liver, and the remainder
of the liver undergoes compensatory hypertrophy.
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