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The future of radiation oncology is exceptionally strong as we are increasingly involved in
nearly all oncology disease sites due to extraordinary advances in radiation oncology
treatment management platforms and improvements in treatment execution. Due to our
technology and consistent accuracy, compressed radiation oncology treatment strategies
are becoming more commonplace secondary to our ability to successfully treat tumor
targets with increased normal tissue avoidance. In many disease sites including the central
nervous system, pulmonary parenchyma, liver, and other areas, our service is redefining
the standards of care. Targeting of disease has improved due to advances in tumor
imaging and application of integrated imaging datasets into sophisticated planning
systems which can optimize volume driven plans created by talented personnel.
Treatment times have significantly decreased due to volume driven arc therapy and
positioning is secured by real time imaging and optical tracking. Normal tissue exclusion
has permitted compressed treatment schedules making treatment more convenient for
the patient. These changes require additional study to further optimize care. Because data
exchange worldwide have evolved through digital platforms and prisms, images and
radiation datasets worldwide can be shared/reviewed on a same day basis using
established de-identification and anonymization methods. Data storage post-trial
completion can co-exist with digital pathomic and radiomic information in a single
database coupled with patient specific outcome information and serve to move our
translational science forward with nimble query elements and artificial intelligence to ask
better questions of the data we collect and collate. This will be important moving forward
to validate our process improvements at an enterprise level and support our science. We
have to be thorough and complete in our data acquisition processes, however if we
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remain disciplined in our data management plan, our field can grow further and become
more successful generating new standards of care from validated datasets.
Keywords: radiation therapy (radiotherapy), clinical trials, cancer treatment, clinical trial imaging, clinical trial data,
translational medicine, quality assurance, artificial intelligence
INTRODUCTION

Radiation oncology has undergone fundamental change over the
past several decades. The primary turning point in our discipline
was the transition from anatomic to volumetric treatment planning
pivoting away from previous two-dimensional planning methods.
The transition required a seed change in how we identified disease
and targeting of tumor volumes in juxtaposition to normal tissue
which we could now evaluate in three and four dimensions. We
became closer to our imaging colleagues but asked different
questions of the images we review in collaboration. While
imaging colleagues told us that a mass was present, radiation
oncologists needed to know the size and peripheral location
including the boundaries of involvement. We also needed to
adapt our plans to our understanding of the natural history of
disease and predictable routes of tumor spread including additional
tissues at risk for disease. We need to balance our plans with our
growing knowledge of normal tissue constraints and how systemic
therapy modulates these constraints. We had to and continue to
adapt our therapy to growing concerns of normal tissue pre-existing
co-morbidity as society ages and need for radiation therapy in older
populations becomes the sole option for treatment. Today there are
innumerable medical coefficients to the management of each patient
and the modern radiation oncologist must be fluent and
knowledgeable in each detail of medical care.

Our technology has matured at a rapid rate, at times out
pacing our ability to fully harness its strength and apply modern
technology in a strategic manner to daily care. Historically, once
the radiation oncologist left the simulator, most of the physician
work was completed with less nuance and detail applied to
treatment planning. We simply did not have tools to optimize
our craft beyond fluoroscopy and two-dimensional treatment
platforms. Today, the simulation appointment is designed to
construct immobilization devices and provide four-dimensional
imaging with fusion of diagnostic images as needed for target
definition. The work of the radiation oncologist today only
begins when the patient leaves the simulator. This has a
profound impact on department workflow as the work of the
physics planning team can only begin once the volumes to treat
and constraints to follow are made available as part of the
directive of care. If the patient requires rapid initiation of
therapy and the contours are not completed in a timely
manner, the physics planning team does not have the time to
both optimize planning and perform quality assurance of the
plan including the appropriate checks of the chart for patient
care. Tools and strategy for daily image guidance are now an
integrated component of patient care. Historically, we assumed it
was self-evident that treatments were reproduced daily validated
by a weekly mega electron volt (MeV) image. Today, directive for
2

image guidance using volumetric and kilovoltage (kV) imaging
coupled with optical tracking tools are standard of care.
Magnetic resonance (MR) integrated tools monitor biological
parameters of care and artificial intelligence tools are applied to
predict outcome from radiomics and pathomics in multiple
disease areas with protocols designed to both augment and
titrate care based on evolving patient specific biomarkers.

The changes in both work scope and workflow in our discipline
have been profound and continue to grow. Although the
infrastructure of our skill set has roots with our first mentors,
training in radiation oncology bears more limited resemblance to
training programs of the past. The skill set required for the modern
radiation oncologist is now broad, detailed, and requires
comprehensive knowledge of medicine, surgery, radiology, and
pathomics. Radiation oncology interacts on a near daily basis with
everymedical subspecialty, surgical subspecialty, radiology, pathology,
and disease-based program within a cancer center. Radiation
oncologists need to maintain the skill set of a surgeon for
brachytherapy and simultaneously remain fluent in the
pharmacokinetics of integrated systemic therapy for multi-
disciplinary management. We must maintain expertise in imaging
and applied pathology for biomarker assessment of developing
treatment plans which may require dose titration or augmentation/
dose painting. Radiopharmacy has the potential to mature into a
powerful tool for both diagnosis and patient treatment. Modern care
is challenging requiring constant communication between providers
to ensure consistent messaging to patients and families.

We need to understand the strengths and limitations of our
colleagues in oncology related disciplines and fill gaps in service and
communication when appropriate. Every patient brings an
opportunity for clinical research in tumor control and normal
tissue outcome analysis, and we need to work harder at
imbedding this activity into our daily work as part of our patient
care management. We need to educate the next generation of
providers and colleagues in primary care disciplines to recognize
the fingerprints of therapy on normal tissue structure and function
and optimize care as best as possible to prevent symptomatic
normal tissue sequelae including the impact imposed on tissue by
combined modality therapy. Medical education has begun to
recognize the importance of oncology in medical practice
establishing courses in oncology and oncology related patient care
at several timepoints during each year of medical school. This will
serve to provide common language between disciplines and
promote improved understanding of oncology related matters.

Coupled with improvements in our discipline comes the
responsibility of increasing our visibility in direct patient care and
leadership in multi-disciplinary management. Radiation oncologists
have historically and superficially been perceived through the prism
of proceduralists and less involved with the longitudinal care of the
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cancer patient, often managed by colleagues in medical oncology.
Today is a different day. Hepatocellular oncology, thoracic
oncology, and central nervous system disease management invites
multiple complex procedural based therapies including
radiopharmacy directed care with radiation oncologists often
assuming primary management for the coordination of care
between medical and interventional radiology colleagues. Because
of primary management of sub-total whole brain therapy,
gastrointestinal presentations and pulmonary nodules of both
primary and metastatic origin, radiation oncologists are following
patients with equipoise previously associated with medical oncology
in multiple disease areas. Interpretation of follow up therapy images
in computed tomography (CT), positron emission tomography
(PET), and magnetic resonance (MR) imaging require radiation
oncology review to validate image interpretation relative to the
radiation therapy treatment field. Often therapy leaves predictable
changes on images which can be misinterpreted as disease.
Accordingly, response assessment is often best accomplished in a
multi-disciplinary setting including the fields of radiation therapy.
This requires fingertip availability of radiation therapy treatment
objects for review by colleagues outside of our discipline. Aside from
improving patient care, this would also serve to educate our
colleagues concerning process improvements in our discipline and
educate trainees in other disciplines (1–5).

In this area, radiation oncologists are poised to assume more
visible and influential leadership roles in disease-based disciplines.
Our treatment has become more valuable to patient care due to
improvements in tumor control and titration of sequelae of
management. Because we are integrated with all liquid and solid
disease systems with increasing patient care responsibility, we are
maturing as thought leaders in oncology programs. This is both a
strength and a potential weakness as we need to first mature and
accept the responsibility as leaders andmake certainour science and
written manuscripts reflect the maturation of our discipline. Our
clinical -translational science is improving and our basic science is
drawing more attention and support at a national level. Our next
objective is to move these functions to an enterprise level and
establish integrated processes to move our science forward with
validation. Process improvements in data acquisition and data
management need to become part of our daily work.
RESPONSIBILITY OF CLINICAL TRIALS
AND TRANSLATIONAL MEDICINE

Radiation oncologists have participated in clinical trials sponsored
by the National Clinical Trials Network’s (NCTN) former
cooperative groups for more than 50 years. We have managed
clinical trials as a primary discipline and participated in trials when
the study required radiation therapy but not necessarily as the
primary study question. Quality assurance in clinical trials initially
centered in generating consistency in computational analytics.
Prior to planning systems becoming more commercialized, field
dose calculations were performed onsite with two-dimensional
algorithms calculated at field isocenter or at depth. Phantoms
were constructed by colleagues at the Radiological Physics Center
Frontiers in Oncology | www.frontiersin.org 3
(RPC, now IROCHouston) for protocols to generate consistency in
computation and therapy execution across institutions.
Fluoroscopic simulation images and images taken under
megavoltage were submitted for quality assurance initially
without diagnostic images to validate how the targets were
chosen. Therapy fields were designed by anatomical
considerations and were not necessarily driven by image guidance.

With the advent and development of three-dimensional
planning systems, the paradigm shifted, and quality assurance
moved beyond computational analytics generated through
phantoms as a sole source identifying a plan as study compliant.
Although consistency in computational algorithms remains
important; harmonization through vendor technology facilitated
consistent and reproducible approach to computations validating
dose to volume. Equally relevant was the introduction of imaging
directly into treatment planning and the skill set of the radiation
oncologist pivoted towards a balance between imaging and
computational analytical treatment planning algorithms.
Diagnostic imaging colleagues often place focus on the presence
or absence of a structure. Radiation oncologists needed to know the
peripheral boundaries and three-dimensional shape of the target
corresponding to normal tissue abutting the target. Radiation
oncologists now had to think in terms of volumes and the
relationship of target volumes to structure. Normal tissues
likewise had volumetric measures and radiation oncologists now
had to think and apply therapy with consideration to dose and
volume both to disease and normal tissue. The dose volume
histogram became an invaluable two-dimensional reconstruction
of volumetric therapy and care plans could be compared through this
prism. Therapy plans and full radiation oncology datasets could be
shared, and protocols matured rapidly in the cooperative groups
using volumetric language. These tools gave us voice and an
opportunity for sharing information with providers and colleagues
with common ground.More importantly, our discipline could speak
in a more unified voice in a quantitative language germane to
radiation oncology. Protocols matured with constraints to tumor
targeting and normal tissue and provided us the opportunity to share
information as colleagues in a digital format and intercompare
outcome analysis with a common denominator. However, we
understand our discipline does not function in isolation. Patient
care and translational science require multiple disciplines to work in
synergy and complement the strengths and weaknesses of other
disciplines. We need to make certain colleagues in other direct and
indirect patient care disciplines understandour technology andmore
importantly, the application of our technology to patient care and the
meaning of radiation dose to volume. These processes affect all
disease sites with opportunities for improvement in our science
and patient care (1–21).
THE NEED FOR PROCESS
IMPROVEMENTS IN OUR CLINICAL
TRANSLATIONAL SCIENCE

Clinical trials are mechanisms designed to improve patient care.
Although clinical trials can be designed to ask direct questions in
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radiation therapy, often radiation oncologists participate
applying radiation therapy in a uniform format in protocols
evaluating chemotherapy and targeted therapy with radiation
therapy. This is of equal importance to trials evaluating radiation
therapy endpoints. Radiation therapy may not be the primary
study question, however if not applied in a uniform manner,
study questions may not be answered in the manner intended by
the study design. The HeadSTART trial evaluated the role of the
hypoxic cell sensitizer Tirapazamine in the management of
patients with locally advanced head and neck carcinoma. There
were multiple favorable phase 2 data supporting the use of the
agent in management. The phase 3 trial was one of the first trials
using volumetric planning in the management of patients with
head and neck cancer. Because the trial was one of the first trials
involving worldwide participation, the trial was managed with
interventional review in near real time, but not pre-therapy real
time as managed today with digital data exchange. Data
including diagnostic imaging required to validate the choice of
target volumes were submitted with radiation therapy treatment
objects and was reviewed within the first three days of treatment.
On review, radiation therapy quality had a direct impact on the
results of the study and undermined the goal of the study. There
were interesting caveats as patients of investigators who made
adjustment on plans after the initiation of therapy had decreased
survival compared to patients whose plans were approved on
quality review de novo. These patients had survival similar to
patients who were scored initially as study deviations but on
retrospective review had volume deviations considered less
clinically meaningful as the fields did not transgress gross
tumor seen on imaging. This study demonstrated that the
quality of radiation therapy mattered and despite our
improved technology, we did not apply our technology in a
uniform matter during an important study. Accordingly, the
deviations overrode the primary study question and the utility of
Tirapazamine as a hypoxic cell sensitizer could not be
established. This demonstrated that we as a discipline had
Frontiers in Oncology | www.frontiersin.org 4
work to do to in supporting our colleagues in clinical trials,
otherwise the benefits of our technology would remain less
visible to oncology colleagues (10).

A similar problem arose in Hodgkin lymphoma studies which
revealed a survival benefit to patients treated with radiation therapy
in a protocol compliant manner when the study did not
demonstrate a benefit to radiation therapy as part of the primary
evaluation due to the number of study deviations (Figure 1).
Accordingly, we could not demonstrate our value in this disease.
American College of Surgeons Oncology Group (now Alliance for
Clinical Trials in Oncology) Z0011 breast cancer clinical trial was
designed to assess the utility of surgical and radiation therapy
titration of therapy to the axilla, however the lack of
interventional review precluded uniform application of radiation
therapy, thus did not answer the primary study point relative to
radiation therapy. Today, axillary radiation therapy remains
understudied and often misunderstood despite our multiple
efforts to address these questions in clinical trials. This creates
confusion among medical and surgical colleagues and became an
opportunity lost to optimize care for these patients. Non-small cell
lung carcinoma clinical trial formerly Radiation Therapy Oncology
Group (RTOG) 0617 was designed as a two-tier randomization
between low and high dose radiation therapy with systemic therapy
for patients treated with definitive chemoradiotherapy. The trial did
not show a benefit to higher dose radiation therapy and
investigators moving forward assumed lower dose therapy was a
standard of care. Less well known is the local control rate in the high
dose arm was 12% less during the first three years of the study,
possibly suggesting that tumor may/may not have been fully
contoured as part of the gross tumor volume. Unfortunately,
diagnostic imaging validating the contour of gross tumor was not
collected, therefore the reason for the unanticipated result could not
be evaluated. Therefore, an opportunity lost to ask an important
question. If full diagnostic imaging datasets were reviewed as part of
the study process, would trial outcome have been different? The trial
has had and continues to have influence in the thoracic community
FIGURE 1 | Non-protocol compliant radiation therapy had equal survival to patients treated with chemotherapy alone. Patients with protocol compliant radiation
therapy had improved survival which was statistically significant (22).
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as the results suggested that “less is better”when in fact there was no
explanation for why the higher dose arm had worse local control in
the initial management of the trial. We can only speculate that
targeting of disease may have been incomplete due in part to
concern of toxicity by investigators who may have unintentionally
under contoured disease to spare parenchyma from toxicity. Today,
in clinical trials evaluating the role of immunotherapy in lung
cancer management assume that 60 Gray (Gy) to gross tumor is the
standard of care. Although several other trials have suggested that
higher dose may be optimal for local control, it remains challenging
to convince others, including peers and insurance providers, that the
trial may have had imperfections which influenced outcome.
Therefore, despite our effort and good intentions, our trials have,
at times, brought unintended downstream consequence to clinical
management due to self-directed imperfections in data acquisition
and data management drawing conclusions on studies that may or
may not be accurate. Moving forward, we can only prove our point
by collecting all data including outcome imaging and identify issues
associated with local control and what can be done to both mitigate
this point and not compromise normal tissue metrics. Constraints
are influenced both by volume and intended dose and we need to
study this in greater depth to become confident in our standards.
These examples bring us to an understanding that as our discipline
matures, we must accept greater responsibility for trial management
and the narrative associated with the trial results if we are to be
believed and recognized as thought leaders. We need to commit to
normal tissue constraints in our trials and make effort to treat
patients on trials abiding by normal tissue constraints to make
accurate assessments of normal tissue tolerance. All too often, we let
other disciplines control the narrative about radiation therapy. We
need to mature as leaders with presence at interdisciplinary events
where we can speak with respect but also speak from a leadership
position. We need to not unintentionally contradict each other
without understanding the context associated with the information.
We must let the facts drive the narrative. Our presence at
interdisciplinary national and international meetings will be
increasingly important moving forward as we continue to treat a
larger percentage of the oncology population. Our technology has
matured, and we need to mature with our technology and represent
the strengths of our discipline balanced with the inclusion of the
strengths of colleagues. Our translational and basic science needs to
continue to improve and this will improve our clinical trials. The
National Cancer Institute recently established the core of a radiation
oncology biology integrated network (ROBIN). This will promote
the strengths of our science and provide visibility for our role in
basic science and clinical trials. ROBINwill provide infrastructure to
move our science into clinical trials. We need to integrate our
science with current biomarkers, pathomics, and radiomics at an
enterprise level as these vehicles become points of validation for our
work and will serve to 1) identify patients of increased/decreased
risk for recurrence, 2) interpret outcomes relative to science, and 3)
improve clinical pathways for future patients and translational
studies. A new initiative is being developed to house patient care
data in a uniform format to develop programs in artificial
intelligence in both our clinics and translational science
laboratories. We understand that artificial intelligence will only be
Frontiers in Oncology | www.frontiersin.org 5
successful if built on strong datasets with complete information,
otherwise we will be committed to continue to make the mistakes of
the past limiting our credibility with colleagues from other
disciplines (22–37).
NEXT STEPS

For our discipline to promote and apply our science in a
meaningful manner to clinical trials, we will need to adapt our
data management process. This will include all elements of
information currently used to manage patients including
outcome data with imaging to validate our performance and
identify gaps for process improvements. The National Clinical
Trials Network (NCTN) has tissue banks, clinical data, and
outcome information associated with biomarkers housed in
various platforms often within separate statistical centers. The
Imaging and Radiation Oncology Core (IROC) supports the
NCTN with imaging and radiation oncology data acquisition
and management including real time review of objects to support
the clinical objectives of study and the quality of treatment
delivered during the clinical trial. These are important
components to the infrastructure required to perform sound
and modern translational science; however, each continues to
function in relative isolation to each other with no natural
pathway to generate interactions between the centers housing
pathology, imaging, radiation therapy objects, and clinical
outcome data. In addition, there are administrative layers
which require approval to move data/information to
investigators. Many within disease and discipline committees
of the NCTN members point to the separation of data and
redundant and duplicative effort required to retrieve data as a
barrier to translational science involving secondary and
unanticipated events associated with clinical trials .
Accordingly, it remains challenging for investigators to bring
all components necessary for research concerning secondary trial
objectives not necessarily recognized at the time of trial
development. Often, secondary questions, including review of
quality assurance data, can only be optimally done at closure of
the study and after the study has collected enough outcome
information, including imaging, to assess questions concerning
tumor control and toxicity (22, 34, 36, 37).

The Cancer Imaging Archive (TCIA) houses information on
completed trials including clinical information, pathomics,
imaging, and radiation therapy objects. TCIA has tools to
permit research integrating all elements of data used for
patient care and clinical trials. Investigators can apply
established and novel tools for analysis including applications
for the development of artificial intelligence to repurpose the
data and ask questions not previously recognized during the
conduct of the trial. The archive is rich and complete. The
archives house all relevant information that can be rapidly
retrieved for evaluation. Moving forward, TCIA will place
enhanced emphasis on acquisition of radiation oncology
objects including imaging used for target definition and
outcome imaging for evaluation. With radiation therapy
August 2022 | Volume 12 | Article 931294
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technology including theranostics rapidly moving forward, we
need to accept the responsibility of making certain we collect and
analyze all information to validate outcome and learn to
appropriately apply our tools for patient care. If we do not
collect all the relevant pathomic and radiomic information, we
risk replicating our mistakes of the past and reach invalid
conclusions as we have done far too often in previous trials as
discussed. If we are to gain the most information from each trial,
the trial must be conducted in a comprehensive manner with
data transparency and sound acquisition processes to generate
outcome analysis that can be trusted (38, 39).

Artificial intelligence models require validated and complete
databases to develop strong algorithms which can serve as
predictive indices for outcome. We will need artificial
intelligence programs in all facets of our clinical, planning and
research effort moving forward. The more complete the datasets
used to build the models for artificial intelligence development,
the more useful the models will be in clinical and academic
practice. The challenge is to make this information available as
quickly as possible to investigators. Although the data should
naturally flow to an informatics platform that can be queried by
investigators in near real time, the challenge remains that each
group has the responsibility of data management and data
protection, therefore data transfer to different programs
requires approvals and integration of data flow processes
between the centers of data acquisition for the information to
be used and re-purposed in a meaningful manner. The databases
have to be structured with a self-renewal process as images
acquired more than a decade ago may or may not be relevant
to a modern question as imaging platforms mature and diversify.
Housing the information in the informatics library is important
and the information must be curated to maintain relevance.

The TCIA infrastructure has been established at several
institutions to serve as an institutional data management
service as few platforms can store varied data and function at
an enterprise level for review of information. This can serve as a
platform to move data into the national archive. Radiation
oncologists interact with all surgical, medical, imaging,
pathology, and basic science colleagues daily. Our discipline
needs to use our central position as caregivers as a strength
and become leaders in data acquisition and management. It is
only through this process can we provide opportunities for
meaningful continuous self-improvement as our discipline is
maturing a rapid pace. Having tools such as this housed within
Frontiers in Oncology | www.frontiersin.org 6
institutions gives investigators opportunities to review internal
data and compare outcomes to information housed in the
archive. Through this process we adjust and improve our skill
and publish manuscripts with meaning and relevance. We can
compare clinical drug x-ray interaction relative to normal tissue
and functional metrics in similar clinical trials identified from the
archive. Through these processes we can mature as a discipline,
improve our metrics for normal tissue tolerance, and improve
our definitions of risk categories and assign titrated or
augmented therapies to patients within similar disease
categories. The challenge is moving modern information with
up-to-date imaging and pathomics to both IROC and TCIA
platforms rapidly and in an enterprise manner. The biology data
will include information obtained from modern pathomics
including genomic sequencing and mutation analysis. The
more we can streamline our processes, the more quickly we
can build robust platforms to support our science. We need to
build our departmental infrastructure to support data transfer in
uniform formats to be repurposed for use in the next iteration of
clinical science (38–50).
CONCLUSION

Radiation oncology is no longer a lateral or secondary
component in cancer management. We are important to
current oncology management and are maturing as thought
leaders in disease-based disciplines. Oncology patients will
receive radiation oncology service today more than any other
discipline in cancer management. We interact with patients from
all disease sites and play a more prominent central role in the
coordination of care for cancer patients We are a primary
resource for follow up in many disease sites treated with
advanced technology radiation therapy. The visibility we now
possess comes with the responsibility of closing gaps in both our
clinical care and translational science with equal attention to
follow up care and management.
AUTHOR CONTRIBUTIONS

First author, LD. Senior author, TF. All authors contributed to
the article and approved the submitted version.
REFERENCES

1. Withers HR, Taylor JM, Maciejewski B. Treatment Volume and Tissue
Tolerance. Int J Radiat Oncol Biol Phys (1988) 14:751–9. doi: 10.1016/0360-
3016(88)90098-3

2. Emami B, Lyman J, Brown A, Coia L, Goitein M, Munzenrider JE, et al.
Tolerance of Normal Tissue to Therapeutic Irradiation. Int J Radiat Oncol
Biol Phys (1991) 21:109–22. doi: 10.1016/0360-3016(91)90171-y

3. Niemierko A. A Unified Model of Tissue Response to Radiation. Med Phys
(1999) 26:1100.

4. Bentzen SM, Constine LS, Deasy JO, Eisbruch A, Jackson A, Marks LB, et al.
Quantitative Analyses of Normal Tissue Effects in the Clinic (QUANTEC):
An Introduction to the Scientific Issues. Int J Radiat Oncol Biol Phys (2010)
76:S3–9. doi: 10.1016/j.ijrobp.2009.09.040

5. Marks LB, Yorke ED, Jackson A, Ten Haken RK, Constine LS, Eisbruch A,
et al. Use of Normal Tissue Complication Probability Models in the Clinic. Int
J Radiat Oncol Biol Phys (2010) 76:S10–9. doi: 10.1016/j.ijrobp.2009.07.1754

6. Kalapurakal JA, Gopalakrishnan M, Walterhouse DO, Rigsby CK, Rademaker A,
Helenowski I, et al. Cardiac-Sparing Whole Lung IMRT in Patients With Pediatric
Tumors andLungMetastasis: Final Report of a ProspectiveMulticenterClinical Trial.
Int J Radiat Oncol Biol Phys (2019) 103:28–37. doi: 10.1016/j.ijrobp.2018.08.034

7. Mendenhall NP, Fitzgerald TJ. Conventional Radiation Therapy Compared
With Stereotactic Conformal Therapy-A Rare and Laudable Randomized
Trial. JAMA Oncol (2017) 3:1376–77. doi: 10.1001/jamaoncol.2017.1552
August 2022 | Volume 12 | Article 931294

https://doi.org/10.1016/0360-3016(88)90098-3
https://doi.org/10.1016/0360-3016(88)90098-3
https://doi.org/10.1016/0360-3016(91)90171-y
https://doi.org/10.1016/j.ijrobp.2009.09.040
https://doi.org/10.1016/j.ijrobp.2009.07.1754
https://doi.org/10.1016/j.ijrobp.2018.08.034
https://doi.org/10.1001/jamaoncol.2017.1552
https://www.frontiersin.org/journals/oncology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/oncology#articles


Ding et al. Future Radiation Oncology Clinical Trials
8. Ding Z, Zhang H, Lv XF, Xie F, Liu L, Qiu S, et al. Radiation-Induced Brain
Structural and Functional Abnormalities in Presymptomatic Phase and
Outcome Prediction. Hum Brain Mapp (2018) 39:407–27. doi: 10.1002/
hbm.23852

9. Lin J, Lv X, Niu M, Liu L, Chen J, Xie F, et al. Radiation-Induced Abnormal
Cortical Thickness in Patients With Nasopharyngeal Carcinoma After
Radiotherapy. NeuroImage Clin (2017) 14:610–21. doi: 10.1016/
j.nicl.2017.02.025

10. Yusuf SW, Venkatesulu BP, Mahadevan LS, Krishnan S. Radiation Induced
Cardiovascular Disease: A Clinical Perspective. Front Cardiovasmed (2017)
4:66. doi: 10.3389/FCVM.2017.00066

11. Darby SC, Ewertz M, McGale P, Bennet AM, Blom-Goldman U, Brønnum D,
et al. Risk of Ischemic Heart Disease in Women After Radiotherapy for
Breast Cancer. N Engl J Med (2013) 368:987–98. doi: 10.1056/
NEJMoa1209825

12. Kwa SL, Lebesque JV, Theuws JC, Marks LB, Munley MT, Bentel G, et al.
Radiation Pneumonitis as a Function of Mean Lung Dose: An Analysis of
Pooled Data of 540 Patients. Int J Radiat Oncol Biol Phys (1998) 42:1–9.
doi: 10.1016/s0360-3016(98)00196-5

13. Graham MV. Predicting Radiation Response. Int J Radiat Oncol Biol Phys
(1997) 39:561–2. doi: 10.1016/s0360-3016(97)00353-2

14. Graham MV, Purdy JA, Emami B, Harms W, Bosch W, Lockett MA, et al.
Clinical Dose-Volume Histogram Analysis for Pneumonitis After 3D
Treatment for non-Small Cell Lung Cancer (NSCLC). Int J Radiat Oncol
Biol Phys (1999) 45:323–9. doi: 10.1016/s0360-3016(99)00183-2

15. Hanania AN, Mainwaring W, Ghebre YT, Hanania NA, Ludwig M.
Radiation-Induced Lung Injury: Assessment and Management. Chest (2019)
156:150–62. doi: 10.1016/j.chest.2019.03.033

16. Käsmann L, Dietrich A, Staab-Weijnitz CA, Manapov F, Behr J, Rimner A,
et al. Radiation-Induced Lung Toxicity - Cellular and Molecular Mechanisms
of Pathogenesis, Management, and Literature Review. Radiat Oncol (2020)
15:214. doi: 10.1186/s13014-020-01654-9

17. Dawson LA, McGinn CJ, Normolle D, Ten Haken RK, Walker S, Ensminger
W, et al. Escalated Focal Liver Radiation and Concurrent Hepatic Artery
Fluorodeoxyuridine for Unresectable Intrahepatic Malignancies. J Clin Oncol
(2000) 18:2210–8. doi: 10.1200/JCO.2000.18.11.2210

18. Dawson LA, Ten Haken RK, Lawrence TS. Partial Irradiation of the Liver.
Semin Radiat Oncol (2001) 11:240–6. doi: 10.1053/srao.2001.23485

19. Baradaran-Ghahfarokhi M. Radiation-Induced Kidney Injury. J Renal Inj Prev
(2012) 1:49–50. doi: 10.12861/jrip.2012.17

20. Lukez A, O'Loughlin L, Bodla M, Baima J, Moni J. Positioning of Port Films
for Radiation: Variability is Present. Med Oncol (2018) 35:77. doi: 10.1007/
s12032-018-1138-z

21. Oh D, Huh SJ. Insufficiency Fracture After Radiation Therapy. Radiat Oncol J
(2014) 32:213–20. doi: 10.3857/roj.2014.32.4.213

22. FitzGerald TJ. WhatWe Have Learned: The Impact of Quality From a Clinical
Trials Perspective. Semin Radiat Oncol (2012) 22:18–28. doi: 10.1016/
j.semradonc.2011.09.004

23. Peters LJ, O'Sullivan B, Giralt J, Fitzgerald TJ, Trotti A, Bernier J, et al. Critical
Impact of Radiotherapy Protocol Compliance and Quality in the Treatment of
Advanced Head and Neck Cancer: Results From TROG 02.02. J Clin Oncol
(2010) 28:2996–3001. doi: 10.1200/JCO.2009.27.4498

24. Friedman DL, Chen L, Wolden S, Buxton A, McCarten K, FitzGerald TJ, et al.
Dose-Intensive Response-Based Chemotherapy and Radiation Therapy for
Children and Adolescents With Newly Diagnosed Intermediate-Risk Hodgkin
Lymphoma: A Report From the Children's Oncology Group Study Ahod0031.
J Clin Oncol (2014) 32:3651–8. doi: 10.1200/JCO.2013.52.5410

25. Henderson IC, Berry DA, Demetri GD, Cirrincione CT, Goldstein LJ, Martino
S, et al. Improved Outcomes From Adding Sequential Paclitaxel But Not From
Escalating Doxorubicin Dose in an Adjuvant Chemotherapy Regimen for
Patients With Node-Positive Primary Breast Cancer. J Clin Oncol (2003)
21:976–83. doi: 10.1200/JCO.2003.02.063

26. Citron ML, Berry DA, Cirrincione C, Hudis C, Winer EP, Gradishar WJ, et al.
Randomized Trial of Dose-Dense Versus Conventionally Scheduled and
Sequential Versus Concurrent Combination Chemotherapy as Postoperative
Adjuvant Treatment of Node-Positive Primary Breast Cancer: First Report of
Intergroup Trial C9741/Cancer and Leukemia Group B Trial 9741. J Clin
Oncol (2003) 21:1431–9. doi: 10.1200/JCO.2003.09.081
Frontiers in Oncology | www.frontiersin.org 7
27. Sartor CI, Peterson BL, Woolf S, Fitzgerald TJ, Laurie F, Turrisi AJ, et al. Effect
of Addition of Adjuvant Paclitaxel on Radiotherapy Delivery and
Locoregional Control of Node-Positive Breast Cancer: Cancer and
Leukemia Group B 9344. J Clin Oncol (2005) 23:30–40. doi: 10.1200/
JCO.2005.12.044

28. Giuliano AE, Ballman KV, McCall L, Beitsch PD, Brennan MB, Kelemen PR,
et al. Effect of Axillary Dissection vs No Axillary Dissection on 10-Year
Overall Survival Among Women With Invasive Breast Cancer and Sentinel
Node Metastasis: The ACOSOG Z0011 (Alliance) Randomized Clinical Trial.
JAMA (2017) 318:918–26. doi: 10.1001/jama.2017.11470

29. Jagsi R, Chadha M, Moni J, Ballman K, Laurie F, Buchholz TA, et al. Radiation
Field Design in the ACOSOG Z0011 (Alliance) Trial. J Clin Oncol (2014)
32:3600–6. doi: 10.1200/JCO.2014.56.5838

30. Wang X, Wang W, Li JB, Huo ZW, Xu M, Qiu PF, et al. Definition of Internal
Mammary Node Target Volume Based on the Position of the Internal
Mammary Sentinel Lymph Nodes Presented on SPECT/CT Fusion Images.
Front Oncol (2020) 9:1553. doi: 10.3389/fonc.2019.01553

31. Reznik J, Cicchetti MG, Degaspe B, Fitzgerald TJ. Analysis of Axillary
Coverage During Tangential Radiation Therapy to the Breast. Int J Radiat
Oncol Biol Phys (2005) 61:163–8. doi: 10.1016/j.ijrobp.2004.04.065

32. Borm KJ, Voppichler J, Düsberg M, Oechsner M, Vag T, Weber W, et al.
FDG/PET-CT-Based Lymph Node Atlas in Breast Cancer Patients. Int
J Radiat Oncol Biol Phys (2019) 103:574–82. doi: 10.1016/j.ijrobp.2018.
107.2025

33. Gentile MS, Usman AA, Neuschler EI, Sathiaseelan V, Hayes JP, Small WJr.
Contouring Guidelines for the Axillary Lymph Nodes for the Delivery of
Radiation Therapy in Breast Cancer: Evaluation of the RTOG Breast Cancer
Atlas. Int J Radiat Oncol Biol Phys (2015) 93:257–65. doi: 10.1016/
j.ijrobp.2015.07.002

34. FitzGerald TJ, Bishop-Jodoin M, Followill DS, Galvin J, Knopp MV, Michalski
JM, et al. Imaging and Data Acquisition in Clinical Trials for Radiation
Therapy. Int J Radiat Oncol Biol Phys (2016) 94:404–11. doi: 10.1016/
j.ijrobp.2015.10.028

35. Salama JK, Stinchcombe TE, Gu L, Wang X, Morano K, Bogart JA, et al.
Pulmonary Toxicity in Stage III non-Small Cell Lung Cancer Patients Treated
With High-Dose (74 Gy) 3-Dimensional Conformal Thoracic Radiotherapy
and Concurrent Chemotherapy Following Induction Chemotherapy: A
Secondary Analysis of Cancer and Leukemia Group B (CALGB) Trial
30105. Int J Radiat Oncol Biol Phys (2011) 81:e269–74. doi: 10.1016/
j.ijrobp.2011.01.056

36. Fitzgerald TJ, Bishop-Jodoin M, Bosch WR, Curran WJ, Followill DS, Galvin
JM, et al. Future Vision for the Quality Assurance of Oncology Clinical Trials.
Front Oncol (2013) . 3:31. doi: 10.3389/fonc.2013.00031

37. FitzGerald TJ. A New Model for Imaging and Radiation Therapy Quality
Assurance in the National Clinical Trials Network of the National Cancer
Institute. Int J Radiat Oncol Biol Phys (2014) 88:272–3. doi: 10.1016/
j.ijrobp.2013.09.030

38. Saltz J, Sharma A, Iyer G, Bremer E, Wang F, Jasniewski A, et al. A
Containerized Software System for Generation, Management, and
Exploration of Features From Whole Slide Tissue Images. Cancer Res
(2017) 77:e79–82. doi: 10.1158/0008-5472.CAN-17-0316

39. Prior F, Almeida J, Kathiravelu P, Kurc T, Smith K, Fitzgerald TJ, et al.
Open Access Image Repositories: High-Quality Data to Enable
Machine Learning Research. Clin Radiol (2020) 75:7–12. doi: 10.1016/
j.crad.2019.04.002

40. FitzGerald TJ, Bishop-Jodoin M, Laurie F, Hanusik R, Iandoli M,
Karolczuk K, et al. “Acquisition and Management of Data for Translational
Science in Oncology”. In: S Sundaresan, editor. Translational Research
in Cancer . London, England: IntechOpen (2019). doi: 10.5772/
intechopen.89700

41. Mayo CS, Moran JM, Xiao Y, Bosch W, Matuszak MM, Marks LB, et al.
AAPM Task Group 263: Tackling Standardization of Nomenclature for
Radiation Therapy. Int J Radiat Oncol Biol Phys (2015) 93:SE383–4.
doi: 10.1016/j.ijrobp.2015.07.1525

42. Uehara K, Sasayama T, Miyawaki D, Nishimura H, Yoshida K, Okamoto Y,
et al. Patterns of Failure After Multimodal Treatments for High-Grade
Glioma: Effectiveness of MIB-1 Labeling Index. Radiat Oncol (2012) 7:104.
doi: 10.1186/1748-717X-7-104
August 2022 | Volume 12 | Article 931294

https://doi.org/10.1002/hbm.23852
https://doi.org/10.1002/hbm.23852
https://doi.org/10.1016/j.nicl.2017.02.025
https://doi.org/10.1016/j.nicl.2017.02.025
https://doi.org/10.3389/FCVM.2017.00066
https://doi.org/10.1056/NEJMoa1209825
https://doi.org/10.1056/NEJMoa1209825
https://doi.org/10.1016/s0360-3016(98)00196-5
https://doi.org/10.1016/s0360-3016(97)00353-2
https://doi.org/10.1016/s0360-3016(99)00183-2
https://doi.org/10.1016/j.chest.2019.03.033
https://doi.org/10.1186/s13014-020-01654-9
https://doi.org/10.1200/JCO.2000.18.11.2210
https://doi.org/10.1053/srao.2001.23485
https://doi.org/10.12861/jrip.2012.17
https://doi.org/10.1007/s12032-018-1138-z
https://doi.org/10.1007/s12032-018-1138-z
https://doi.org/10.3857/roj.2014.32.4.213
https://doi.org/10.1016/j.semradonc.2011.09.004
https://doi.org/10.1016/j.semradonc.2011.09.004
https://doi.org/10.1200/JCO.2009.27.4498
https://doi.org/10.1200/JCO.2013.52.5410
https://doi.org/10.1200/JCO.2003.02.063
https://doi.org/10.1200/JCO.2003.09.081
https://doi.org/10.1200/JCO.2005.12.044
https://doi.org/10.1200/JCO.2005.12.044
https://doi.org/10.1001/jama.2017.11470
https://doi.org/10.1200/JCO.2014.56.5838
https://doi.org/10.3389/fonc.2019.01553
https://doi.org/10.1016/j.ijrobp.2004.04.065
https://doi.org/10.1016/j.ijrobp.2018.107.2025
https://doi.org/10.1016/j.ijrobp.2018.107.2025
https://doi.org/10.1016/j.ijrobp.2015.07.002
https://doi.org/10.1016/j.ijrobp.2015.07.002
https://doi.org/10.1016/j.ijrobp.2015.10.028
https://doi.org/10.1016/j.ijrobp.2015.10.028
https://doi.org/10.1016/j.ijrobp.2011.01.056
https://doi.org/10.1016/j.ijrobp.2011.01.056
https://doi.org/10.3389/fonc.2013.00031
https://doi.org/10.1016/j.ijrobp.2013.09.030
https://doi.org/10.1016/j.ijrobp.2013.09.030
https://doi.org/10.1158/0008-5472.CAN-17-0316
https://doi.org/10.1016/j.crad.2019.04.002
https://doi.org/10.1016/j.crad.2019.04.002
https://doi.org/10.5772/intechopen.89700
https://doi.org/10.5772/intechopen.89700
https://doi.org/10.1016/j.ijrobp.2015.07.1525
https://doi.org/10.1186/1748-717X-7-104
https://www.frontiersin.org/journals/oncology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/oncology#articles


Ding et al. Future Radiation Oncology Clinical Trials
43. Lao J, Chen Y, Li ZC, Li Q, Zhang J, Liu J, et al. A Deep Learning-Based
Radiomics Model for Prediction of Survival in Glioblastoma Multiforme. Sci
Rep (2017) 7:10353. doi: 10.1038/s41598-017-10649-8

44. Zhou M, Chaudhury B, Hall LO, Goldgof DB, Gillies RJ, Gatenby RA.
Identifying Spatial Imaging Biomarkers of Glioblastoma Multiforme for
Survival Group Prediction. J Magn Reson Imaging (2017) 46:115–23.
doi: 10.1002/jmri.25497

45. Xi YB, Guo F, Xu ZL, Li C,WeiW, Tian P, et al. Radiomics Signature: A Potential
Biomarker for the Prediction ofMGMTPromoterMethylation inGlioblastoma. J
Magn Reson Imaging (2018) 47:1380–87. doi: 10.1002/jmri.25860

46. Eckel-Passow JE, Decker PA, Kosel ML, Kollmeyer TM, Molinaro AM, Rice T,
et al. Using Germline Variants to Estimate Glioma and Subtype Risks. Neuro
Oncol (2019) 21:451–61. doi: 10.1093/neuonc/noz009

47. Followill D, Knopp M, Galvin J, FitzGerald T, Michalski J, Rosen M, et al. The
Imaging and Radiation Oncology Core (IROC) Group: A Proposed New
Clinical Trial Quality Assurance Organization. Med Phys (2013) 40:507.
doi: 10.1118/1.4815652

48. Fairchild A, Straube W, Laurie F, Followill D. Does Quality of Radiation
Therapy Predict Outcomes of Multicenter Cooperative Group Trials? A
Literature Review. Int J Radiat Oncol Biol Phys (2013) 87:246–60.
doi: 10.1016/j.ijrobp.2013.03.036

49. FitzGerald TJ, Bishop-Jodoin M, Laurie F, O'Meara E, Davis C, Bogart J, et al.
The Importance of Imaging in Radiation Oncology for National Clinical
Trials Network Protocols. Int J Radiat Oncol Biol Phys (2018) 102:775–82.
doi: 10.1016/j.ijrobp.2018.08.039
Frontiers in Oncology | www.frontiersin.org 8
50. FitzGerald TJ, Rosen MA, Bishop-Jodoin M. The Influence of Imaging in the
Modern Practice of Radiation Oncology. Int J Radiat Oncol Biol Phys (2018)
102:680–2. doi: 10.1016/j.ijrobp.2018.08.028

Conflict of Interest: Dr Ulin, Ms Smith, Ms Bishop-Jodoin, Ms Laurie, Mr
Iandoli, Dr Moni, Dr Cicchetti, Dr FitzGerald report grants from the National
Cancer Institute.

The remaining authors declare the absence of any commercial or financial
relationships that could be construed as a potential conflict of interest.

Publisher’s Note: All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated organizations, or those of
the publisher, the editors and the reviewers. Any product that may be evaluated in
this article, or claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

Copyright © 2022 Ding, Bradford, Kuo, Fan, Ulin, Khalifeh, Yu, Liu, Saleeby, Bushe,
Smith, Bianciu, LaRosa, Prior, Saltz, Sharma, Smyczynski, Bishop-Jodoin, Laurie,
Iandoli, Moni, Cicchetti and FitzGerald. This is an open-access article distributed under
the terms of the Creative Commons Attribution License (CC BY). The use, distribution or
reproduction in other forums is permitted, provided the original author(s) and the
copyright owner(s) are credited and that the original publication in this journal is cited, in
accordance with accepted academic practice. No use, distribution or reproduction is
permitted which does not comply with these terms.
August 2022 | Volume 12 | Article 931294

https://doi.org/10.1038/s41598-017-10649-8
https://doi.org/10.1002/jmri.25497
https://doi.org/10.1002/jmri.25860
https://doi.org/10.1093/neuonc/noz009
https://doi.org/10.1118/1.4815652
https://doi.org/10.1016/j.ijrobp.2013.03.036
https://doi.org/10.1016/j.ijrobp.2018.08.039
https://doi.org/10.1016/j.ijrobp.2018.08.028
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/oncology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/oncology#articles

	Radiation Oncology: Future Vision for&#146;Quality Assurance and Data Management in Clinical Trials and&#146;Translational Science
	Introduction
	Responsibility of Clinical Trials and Translational Medicine
	The Need for Process Improvements in Our Clinical Translational Science
	Next Steps
	Conclusion
	Author Contributions
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


