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Clinical trials have become the primary mechanism to validate process

improvements in oncology clinical practice. Over the past two decades there

have been considerable process improvements in the practice of radiation

oncology within the structure of a modern department using advanced

technology for patient care. Treatment planning is accomplished with volume

definition including fusion of multiple series of diagnostic images into volumetric

planning studies to optimize the definition of tumor and define the relationship of

tumor to normal tissue. Daily treatment is validated by multiple tools of image

guidance. Computer planning has been optimized and supported by the increasing

use of artificial intelligence in treatment planning. Informatics technology has

improved, and departments have become geographically transparent integrated

through informatics bridges creating an economy of scale for the planning and

execution of advanced technology radiation therapy. This serves to provide

consistency in department habits and improve quality of patient care.

Improvements in normal tissue sparing have further improved tolerance of

treatment and allowed radiation oncologists to increase both daily and total

dose to target. Radiation oncologists need to define a priori dose volume

constraints to normal tissue as well as define how image guidance will be

applied to each radiation treatment. These process improvements have

enhanced the utility of radiation therapy in patient care and have made radiation

therapy an attractive option for care in multiple primary disease settings. In this

chapter we review how these changes have been applied to clinical practice and
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incorporated into clinical trials. We will discuss how the changes in clinical practice

have improved the quality of clinical trials in radiation therapy. We will also identify

what gaps remain and need to be addressed to offer further improvements in

radiation oncology clinical trials and patient care.
KEYWORDS
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1 Introduction

Radiation oncology has undergone significant change in patient

care treatment processes during the past two decades. Modern

radiation oncology training programs have limited resemblance to

the programs designed by our mentors. Today, patients are planned

with volumetric metrics with image fusion to optimize target definition

based on the integration of multiple datasets including response

adaptive radiation therapy (RT) planning. Multiple components of

motion are managed through several pathways including four-

dimensional treatment planning and optical tracking of patient

positioning to provide security in daily treatment reproduction. With

an increasing number of patients being treated with curative intent or

re-treated with definitive fractionation, RT treatment planning is

increasingly complex with the majority of patient treatments

delivered with intensity modulation and advanced technology

therapy techniques. In many clinical situations, higher daily doses are

becoming more commonplace as our community becomes increasingly

confident in our technology and reproducibility of daily treatment.

Plans receive double checks by physics/dosimetry staff and often

patients are imaged and not treated during the initial visit in order to

confirm that all planning objectives are met, and the positioning is

accurate. RT prescriptions include not only daily and total dose but

now require a written strategy for dose, a document indicating normal

tissue constraints and a written directive for how to apply daily image

guidance. Smaller targets with normal tissue exclusion can be

successfully treated with compressed fractionation and stereotactic

techniques. Imaging tools incorporated into accelerator function

serve as both an image positioning validation tool and can also

function as a dosimeter confirming daily dose. These can be reviewed

daily to ensure the quality and safety of each treatment. Because of the

nimble nature of data acquisition through several informatics formats

and the ability to display objects through multiple media, intra-

departmental physician peer review of contours with image

integration can be performed in real time. Therefore, data required

for onsite peer review can be acquired and managed through facile

onsite tool management strategies.

Many of these improvements are imbedded in protocols currently

active in the National Cancer Institute (NCI) National Clinical Trials

Network (NCTN) and other sponsored clinical trials and are applied

at an enterprise level on a worldwide basis. Therefore, department

processes used to manage quality and safety are re-purposed for

quality management of clinical trials. In this chapter, the objective is

to review how these process improvements are written into clinical
02
trials and managed as part of the clinical trial data acquisition and

management process and how these improvements ensure confidence

in clinical trial outcome. Challenges remain with clinical trial

processes as incomplete datasets and titration of data used to

manage the clinical trial can often influence trial outcome. Issues

likewise remain to be reconciled in trial management with real time

adjustments in target location and how this should be managed in the

context of the study. These improvements enhance the quality of

treatment and improve patient care (1–17).
2 History of radiation oncology
clinical trials

Although many disease areas in medicine do not have a

structured mechanism for clinical trial function and management,

oncology clinical trials have developed over the past half century with

the NCTN. In the late 1960’s, seminal investigators began to design

clinical trials in both adult and pediatric oncology to make progress in

clinical care. RT was a nascent discipline, nevertheless important

questions required consensus review including strategies for dose

computation algorithms and radiation dose and fractionation for

both tumor control and normal tissue tolerance. The Radiation

Therapy Oncology Group (RTOG) developed clinical trials

addressing these points in disease areas seminal to RT. The

Gynecologic Oncology Group (GOG) integrated RT trials including

brachytherapy (6, 14, 15). In multiple other cooperative groups RT

would begin as an informal committee but developed voice as

radiation was recognized as an important component to patient

care. By the mid 1970’s investigators recognized the importance of

data acquisition and review of treatment objects to ensure consistent

application of RT to patients on trial. There was no established

mechanism for this to occur, however early mentors in clinical

trials imbedded data transfer strategies into the trials in order to

establish a platform to review protocol compliance. The Quality

Assurance Review Center (QARC) placed emphasis on data

acquisition and data management including the collection of

images to validate field placement for radiation oncology (18).

QARC became an important feature in the clinical trials process as

RT objects including dose computation, planning images and

treatment portal images were collected in hard copy to be used for

retrospective review of treatment for protocol compliance. QARC

established a mechanism for on treatment review of objects whereas

treatment plans could be reviewed as therapy was initiated in order to
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ensure the plan was compliant to study objectives. This significantly

improved the quality of the trial as the study deviation rate was

considerably improved by this process. QARC was complimented by

the efforts of the Radiological Physics Center (RPC) (19–28). The

RPC played an essential role in clinical trials by ensuring that dose

computation and execution algorithms were compliant to standard

(23). This was accomplished by multiple vehicles including the use of

phantoms for treatment and review of RT planning dosimetry. Dose

was measured by the RPC through multiple vehicles including

thermoluminescence dosimetry (TLD) strategically placed in

phantoms at critical locations. This would ensure that dose to both

target and normal tissue was compliant to a national guideline.

Because RT treatment planning was performed on fluoroscopy

without the benefit of volumetric planning and validation imaging

was performed with megavoltage, the perception in the first iteration

of clinical trials was that quality of treatment was driven largely by the

consistency of computational analytics and physics calibration. As

time matured and volumetric imaging became available, imaging

became an important vehicle to validate the target volume of interest

and ensure that targets were treated in a protocol compliant manner

and tumor was fully treated without exaggeration of dose to normal

tissue. Up until this point however, there was no precise manner to

validate specific dose to target from a volumetric perspective that

could be trusted.

This changed with the development of RT digital planning tools.

The Imaged Guided Therapy Quality Assurance (QA) Center became

the leaders in this field and their effort and expertise brought RT

clinical trials to a new level of performance (29). Prostate cancer

became one of the first disease areas to be managed through this

mechanism. The process of radiation treatment simulation for

patients pivoted on this point and permanently changed for both

the radiation clinic and clinical trials. Targets were drawn, slice by

slice, on a planning computer tomography study. Normal tissues were

contoured, and volumes of tumor and normal tissue were

constructed. Radiation planning was now conducted through dose

volumes and written directives were developed to specify dose to a

volume. Constraints to normal tissue were applied to limit dose to a

specified volume of normal tissue. Inverse planning tools for intensity

modulation followed and fluence profiles within the beam could be

modified to optimize both dose to tumor targets and limit dose to

normal tissues. It was assumed, at this phase of development, that the

imaging acquired for RT treatment planning was sufficient to

determine protocol compliance. This major development

permanently altered the approach to planning patients for RT as

well as the management of clinical trials.

Jim Purdy and Jim Deye were essential contributors to the

development of these tools, and both were kind to share these tools

with QA centers. The cooperative groups associated with QARC,

especially within the pediatric groups, had strong imaging committees

and the RT committees had strong interest in the application of

imaging to RT treatment planning. Although tools for image fusion of

imaging objects into RT treatment plans had not yet matured at this

time, images were collected at QARC for both assessment of response

and validation of the targets chosen for RT. This became of particular

importance in the early management of clinical protocols evaluating

treatment strategies for Hodgkin lymphoma and have grown of
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increasing importance today as most clinical trials are now

dependent on modern imaging to response assessment and

outcome evaluation (30–43). In a series of early clinical trials

involving patients of intermediate and high-risk disease, protocols

were designed to test the utility of post chemotherapy RT including

response adaptation of therapy in the mediastinum. In the Pediatric

Oncology Group clinical trial 8725, imaging and RT objects were

acquired as part of the data management process for the conduct of

the study and reviewed at study closure. RT post-chemotherapy was

the randomization point. For the entire study population, there

appeared to be no benefit to the addition of RT to this patient

population. However, because imaging and RT objects were onsite for

secondary analysis, review of the data revealed that if patients received

RT in a protocol compliant manner, there was a statistically

significant improvement in survival and disease-free survival. The

protocol had specific areas to target, and all disease sites noted at

presentation had to be treated to protocol dose with appropriate dose

titration to critical normal tissue structures including cardiac,

pulmonary, and renal volumes. This implied that the quality of the

application of RT had direct impact on patient and study outcomes

and that images played an essential role in defining targets and

assessing response. The challenge became moving this peer review

process away from retrospective management and apply peer review

in a more dedicated real time pre-therapy format in order to make

certain trials were conducted in a protocol compliant manner. Pre-

therapy review of imaging and RT objects in medulloblastoma clinical

trial Children’s Oncology Group (COG) 9961 provided an

unanticipated advantage of identifying patients who were not

protocol eligible and assigned them to an appropriate study as

those assigned to COG 9961 who were not eligible due to a higher

stage and tumor burden had a statistically significant decrease in

survival (44–50).

Pre-review of RT treatment objects was initially accomplished in

early stage and intermediate stage Hodgkin lymphoma protocols

COG 9425 and 9426. These studies included a component of

response-adaptive therapy titration based on response to

chemotherapy prior to the initiation of RT. Compliance to RT was

significantly improved with the use of pre-review of objects, however,

interestingly, there was a 50% discrepancy between central and site

review of response to chemotherapy, therefore the need to review

imaging objects for response as part of protocol management became

the next process improvement in clinical trial management (45, 46).

The increasing use of digital data transfer permitted images to be

acquired and reviewed by QA teams in a real time same-day format.

This is important for trial management as it provided common

ground review by site and study investigators as images could be

reviewed by all involved in a simultaneous format and conflicts could

be addressed and resolved before therapy could be applied. This was

and remains important for adaptive studies. These studies are more

complex to execute, and consistent interpretation of response ensures

confidence in study conduct and outcome. Today, this is standard

practice and cases from anywhere in the world can be reviewed on a

same day basis for protocol management (45, 46, 51, 52).

Simultaneous real time review of imaging and RT objects as part

of protocol management was accomplished in intermediate risk

Hodgkin lymphoma study COG AHOD0031. This study was
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designed with an adaptive strategy with therapy titration including

exclusion of RT in selected patients with initial rapid early response to

chemotherapy and complete imaging response as defined by the study

criteria. There was also a therapy augmentation component for

patients who did not experience a rapid early response to initial

chemotherapy. Therefore, consistent interpretation of response to

therapy and application of RT treatment objects was essential for this

trial which accrued nearly 1,800 patients. Review of anatomic and

metabolic imaging by investigators was accomplished at several time

points for each patient on study including at study entry for eligibility

and after each two cycles of chemotherapy. RT treatment objects were

reviewed pre therapy and outcome imaging was acquired per

protocol. Outcome imaging has been an important component for

this study and has generated many important publications including

review of response to therapy for pleural effusions and bone. The

study demonstrated that imaging datasets and RT objects could be

managed and reviewed in a real time format in a manner identical to

management of patients in a modern radiation oncology department

(47, 48).

Because of the success in real time data management for clinical

trials, this approach has been applied to most NCTN and other

sponsored clinical trials and has been used in highly complex formats.

For advanced stage Hodgkin lymphoma patients, RT is applied to

areas of incomplete response or residual areas of disease measuring

greater than 2.5 cm. For exceptionally young patients with minimal

tumor burden removed by surgery, protocols include careful

observation without additional therapy. Therefore, interpretation of

imaging by study and site investigators is exceptionally important to

ensure protocol objectives are met and the correct intended sites

receive RT (51, 52).

Process improvements in RT with technology advancement, dose

computation, image fusion, and clinical validation have been re-

purposed and directly applied into NCTN and other sponsored RT

clinical trials. In the next section, we will review how these

improvements are applied in the daily workflow for the Imaging

and Radiation Oncology Core (IROC). IROC serves as the imaging

and radiation oncology core service for data acquisition and data

management for the NCTN and other sponsored clinical trials. IROC

credentials institutions and investigators for clinical trials and

provides knowledge datasets to ensure that the sites can transfer the

correct information to IROC. The knowledge tests often include

contouring of tumor and normal tissues with generation of a dose

plan in a protocol compliant manner.
3 QA process

As radiation oncology has matured with improved RT technology

and image integration, the processes have matured and have been

incorporated into the QA workflow. The segments of the program

include site qualification, clinical trial design with support, site and

individual credentialing, clinical trial management, case review, and

support for trial analysis. The process is harmonized between multiple

offices nationwide under a single integrated grant called the IROC.

The office at IROC Houston manages site qualification and
Frontiers in Oncology 04
credentialing while the offices at IROC Rhode Island and IROC

Philadelphia provide protocol case data acquisition and

management with shared resources as needed for clinical trial

support. The integrated informatics infrastructure has been

provided by the American College of Radiology (ACR) and is called

TRIAD (53).
4 Site qualification

Institutions and departments of radiation oncology can achieve

recognition for being credentialed through multiple venues including

but not limited to the American College of Radiology (ACR).

Through a not dissimilar process, sites qualify for participation in

clinical trials based on personnel, equipment, and the ability to apply

technology according to the specific study. Generally, for protocol

management, qualification includes completion of a questionnaire

and validation of beam output for each unit treating clinical trial

patients. This service verifies that a site has the basic resources and

abilities to participate in NCI supported clinical trials. International

sites must meet the same qualification requirements as North

American sites. As of 2018, site qualification services are provided

to 1,837 centers participating in clinical trials (including 140

international centers in 25 countries). The facility questionnaire is

an electronic web-based form that is linked to the IROC database.

This form collects information on the site’s demographics, staffing,

treatment planning and delivery capabilities, and QA procedures.

Since the facility questionnaire is linked to the IROC RT facility

database, previous information regarding the site is filled in, requiring

the site to simply add or modify existing information. Sites are

required to review and edit their facility questionnaire annually.

The questionnaire also collects information on RT imaging

capabilities and supplies current information to the IROC roster

used by the NCI Clinical Trial Support Unit (CTSU) and the Cancer

Therapeutics Evaluation Program (CTEP). On an annual basis, all

megavoltage photon beams, proton beams, and a selection of electron

beams at every participating RT site have their reference beam output

calibration measured remotely through a mailed TLD/optically

stimulated luminescence dosimetry (OSLD) program to verify that

beam output is within ±5%. High dose rate (HDR) (192Ir)

brachytherapy and small field output factor OSLD/TLD remote

audit tools have been developed and are in the initial stages of use

(54). This output verification program is notable for its simplicity and

would be similar to onsite QA measures performed by institutions as

part of their internal program. When the TLD/OSLD measurement

disagrees with an institution’s stated dose by more than 5%, IROC

resolves this discrepancy through communication and procedural

reviews. If those are unsuccessful, an on-site dosimetry visit may

be performed.

Prior to a proton site enrolling patients on trials, they must be

approved by IROC. In addition to the questionnaire and reference

beam output verification, this process also includes successful

completion of electronic transfer of proton treatment plans,

irradiation of IROC’s baseline proton phantoms, and an on-site

dosimetry review visit. Each proton delivery technique (passive
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scatter, intensity modulated proton therapy-(IMPT), etc.) used must

be individually reviewed and approved.
5 Clinical trials support

Modern RT departments share or individually house the ability to

generate clinical trials within the department or a trial generated by

the cancer program involving RT. IROC offers expertise to help

NCTN Groups develop new protocols, focusing on those sections

relating to RT delivery, QA, and data collection. In a manner similar

to an in-house data management group and Institutional Review

Board (IRB), IROC reviews proposals at initial discussions including

concept development through finalization of the protocol with efforts

completed in a timely manner to not impede trial development. This

early interaction is critical when new technologies or novel treatment

techniques (e.g., developing QA strategies for radiopharmaceutical

trials) are being introduced into trials. Because concept proposals

typically lack detailed RT and imaging information, IROC provides a

questionnaire to the concept Principal Investigator to gather the

necessary information and facilitate further interaction as required.

This in turn can help improve onsite investigator institutional trials

mature with consistent treatment guidelines compliant to CTEP and

support the conduct of the trial. After concept approval, IROC assists

in the entire protocol development process. IROC contributes to

developing and providing protocol RT section templates aimed to

ensure quality trial data by standardizing structure name

nomenclature, definition of dose volume analysis parameters, and

radiotherapy processes in general. IROC’s protocol support includes

but is not limited to 1) imaging procedures for target and organ at risk

(OAR) definition, 2) dose prescription, 3) protocol compliance

conditions, 4) RT treatment planning instructions; 5) QA

procedures and their implementation, 6) image-guided RT (IGRT),

and 7) the data submission process. By avoiding any unclear or

ambiguous wording in the protocol and utilizing a consistent format,

we ensure ease of understanding and implementation of the protocol.
6 Credentialing

Credentialing is the process of verifying that a specific site and/or

clinician/physicist have the knowledge, resources, and capability to

meet the protocol specifications. This process is analogous to

independent peer review, and thus provides a basis for confidence in

the institution and processes imbedded in the institution. Credentialing

is distinct from ongoing periodic QA activities required for

certification. Credentialing is designed and implemented through

multiple pathways depending on the trial requirements. Credentialing

may verify treatment planning, dose distributions, structure

contouring, and/or image guidance. Credentialing tests may be

systematic tests that assess the capabilities of the site or test the

knowledge or skill of the investigator or planner. The success of

credentialing is clear in that major deviation rates have decreased

dramatically since credentialing has been required by protocols. While

failure to meet the criteria may prevent a site’s participation in a specific
Frontiers in Oncology 05
protocol, the goal of IROC is not to restrict participation but to assist

sites in any required remedial actions so that they meet the protocol

criteria. Credentialing requirements are typically made generalizable so

that if an institution successfully completes a credentialing requirement

for one protocol, they do not need to repeat it for a subsequent protocol

unless the new trial has a novel component. IROC has well established

guidelines on when new credentialing is required and when an

institution or investigator can be grandfathered through

credentialing. To simplify the credentialing process, the presentation

of protocol credentialing requirements has been condensed to a single

table with links to the details of each requirement and implemented

across all Groups. Additionally, an automated credentialing status

inquiry system has been developed that maximizes clarity and ease of

institutional inquiries and also provides credentials electronically to the

CTSU’s Regulatory Support System (RSS) portal. Credentialing

requirements may include completion of knowledge assessment/

benchmark case or phantom irradiation depending on the specific

protocol but are responsive to evolving protocol requirements

including demonstrating successful site transfer of data to the QA

centers. A meaningful minority of institutions still fail to meet the

relatively lenient acceptability criteria. Importantly, these failures

appear to be related to systematic problems at the institution,

indicating that these errors will also affect protocol patients and

potentially study outcomes. This highlights the importance of

resolving any issues with the institution, and also highlights the value

of this independent QA to supplement an institution’s internal QA

program. Image guidance credentialing ensures that sites have an image

guidance process that allows implementation of an appropriate imaging

technique/image registration algorithm for the protocol and disease

site. To minimize the burden on participating institutions, IROC has

streamlined the IGRT credentialing to be based generically on bony

registration or soft tissue registration. Institutions need therefore only

pass two credentialing tests to be IGRT credentialed for all protocols

(54–59).
7 Clinical trial management

The initial step in the QA evaluation process is review of the

integrity of the submitted data (pre-review data management). This

includes verifying that the institution has submitted accurate and

complete protocol patient data to IROC. Incomplete and/or

inaccurate files require additional IROC efforts and communication.

To optimize the process, IROC has continual ongoing efforts to

automate the QA of the data submission process. Clinical trials

require that patients be treated as specified by the protocol. The

purpose of case review is to verify that the sites planned and delivered

the RT as required. A case review evaluates technical factors such as

the dose distribution and fractionation and clinical factors such as the

prescription, diagnostic imaging, tumor target/OAR contouring, and

field placement. The case review service has been established so that

NCI Groups have dedicated contacts within IROC for both imaging

and RT. Standardizations for structure name nomenclature and dose

volume parameter definitions are fully compliant with the American

Association of Physicists in Medicine (AAPM) recommendations and
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templates for dose volume evaluation for different systems are

published for each trial to aid institutions’ compliance. IROC has

greatly increased the efficiency for dose volume analysis by creating

the mechanism for automation of analysis and data upload. For

institutional use, this would optimize individual case planning. For

evaluation of submitted cases to IROC, scripts are developed for each

trial to extract dose-volume histogram (DVH) data points and

automatically format the data for direct upload to Medidata Rave

(Rave), the NCI data management system. Institutions function in a

similar manner with templates used for specification of image

guidance and RT dose volume constraints. IROC has also

implemented and developed knowledge-based tools and models to

assess plan quality which can be re-purposed for institutional use.

This has been done by evaluating and implementing knowledge-based

systems/tools to assess the quality of RT treatment plans. These are

commonly used for NCTN, and other sponsored trials (60).

There are three types of case review during the active period of the

protocol: Pre, On, and Post-treatment review. These differ in the time

when they are initiated relative to the start of patient treatment. All

reviews evaluate the cases for protocol compliance. IROC will

evaluate the effectiveness of case reviews using the large amount of

information relating to institution performance in complying with

protocols. Pretreatment review occurs prior to the start of treatment

so cases can be modified to meet protocol objectives. The challenge of

this review is that it requires coordinated timing to have the case

reviewed promptly by IROC to avoid delay of the start of the patient’s

treatment. Pre-treatment reviews also provide an interactive forum

between study and site investigators. This process helps to determine

if protocol amendments are needed. For institutions, this process

resembles goals and objectives achieved in chart rounds and peer

review. The on-treatment review is performed within seven days from

the start of RT and results are communicated to the site for the

purpose of improving overall treatment. Post treatment review

records the details of the treatment given (including changes that

are made after the initial review). The process evaluates technical

aspects as well as verification that the RT data elements captured are

accurate. Upon completion of case accrual for a trial, or for interim

analysis, IROC provides information as requested by the NCTN

Group for analysis. This process is similar to processes performed

by institutions for quality metrics or publication.
8 Data management

IROC is responsible for holding the Digital Imaging and

Communications in Medicine (DICOM) imaging and RT data for

all NCTN Group clinical trials that use RT for treatment. These

datasets are cross-referenced to the case data entered into the NCI

information system RAVE. These data are used for protocol

endpoint analysis including tools to obtain crucial data points

from dose volume submissions not included in the initial design

of the protocol. IROC is the custodian of the data on behalf of the

NCI Groups, and use of the data will be determined by the NCI and

the NCTN data resource sharing plan for each group. IROC can

support data analyses by 1) gathering, packaging, and forwarding
Frontiers in Oncology 06
de-identified data to the requesting organization or group meeting

2) providing analysis relating to dose distributions and structure

contouring for secondary analysis requests 3) providing services

relating to tumor response and critical structure complications

modeling and 4) provide data to support reviews not anticipated

at the time of study initiation. IROC may also use these data directly

for the purpose of quality improvement and effectiveness research

(14, 15, 54–69).
9 Conclusion

The RT QA processes and procedures offered by IROC are

diverse, dynamic and subject to continuous review and adaptation,

similar to process improvements seen in daily department function.

IROC endeavors to ensure that the QA services are as efficient and

effective as possible in order to reasonably handle the clinical trial

workload from NCI Group studies and industry trials. The systems

developed, data collected, and services provided by IROC offer

opportunities for collaborations with the NCI Groups, both

nationally and internationally. As a service organization, IROC

achieves the highest quality patient data allowing the NCI to meet

its clinical trial goals. This is important for primary trial analysis as

well as analysis of both secondary and tertiary trial objectives. A

complete and accurate dataset increases the likelihood the outcome

can be trusted and moved into clinical practice. Processes in the QA of

clinical trials can be re-purposed by individual institutions through

real time peer review and ensure compliance to standard between

colleagues. Many tools exist through multiple vendors which can

display image objects and radiation targets during a chart rounds

session which can mimic the process of real time review for clinical

trial activity. There are multiple checks for the computational

component of our work and chart completeness. Coupling this

effort with physician peer review will harmonize activity within a

department and bring the physicians closer to the departmental QA

process and into compliance standards for regulatory review.

Research platforms can be built through this prism.

Each patient treated with RT can be part of a clinical trial. The

trials can be investigator driven with endpoints following many

pathways including outcome analysis, normal tissue tolerance,

patient support, physics, and nursing. To do so at an enterprise

manner would require infrastructure similar to The Cancer Imaging

Archive (TCIA) imbedded into daily department activities and

workflow with transfer of onsite objects to TCIA as seen

appropriate by the TCIA steering group. The information

technology infrastructure of TCIA is PRISM and this platform

houses patient objects including pathology/pathomics, radiology,

RT treatment objects, medical oncology information, and relevant

clinical information. All of this information can be re-purposed for

modern projects including but not limited to artificial intelligence.

Many departments now house TCIA informatics infrastructure as

part of internal data management services to use on a daily basis for

translational research. As data including pathology evolves in digital

format, research can be completed with nimble query tools to help

move our translational science forward (66–77).
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The future of our discipline is bright. We have to be disciplined in

our science place emphasis on the quality of our data. If we do so, our

work will be well perceived and colleagues can trust our results.
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for the evaluation of immune therapy activity in solid tumors: Immune-related
response criteria. Clin Cancer Res (2009) 15(23):7412–20. doi: 10.1158/1078-0432.
CCR-09-1624

40. Seymour L, Bogaerts J, Perrone A, Ford R, Schwartz LH, Mandrekar S, et al.
iRECIST : Guide l ine s fo r re sponse c r i t e r i a fo r use in t r i a l s t e s t ing
immunotherapeutics. Lancet Oncol (2017) 18(3):e143–52. doi: 10.1016/S1470-2045
(17)30074-8

41. Fahey FH, Kinahan PE, Doot RK, Kocak M, Thurston H, Poussaint TY. Variability
in PET quantitation within a multicenter consortium.Med Phys (2010) 37(7):3660–6. doi:
10.1118/1.3455705

42. Scheuermann JS, Reddin JS, Opanowski A, Kinahan PE, Siegel BA, Shankar LK,
et al. Qualification of national cancer institute-designated cancer centers for quantitative
PET/CT imaging in clinical trials. J Nucl Med (2017) 58(7):1065–71. doi: 10.2967/
jnumed.116.186759

43. Smilowitz JB, Das IJ, Feygelman V, Fraass BA, Kry SF, Marshall IR, et al. AAPM
medical physics practice guideline 5.A.: Commissioning and QA of treatment planning
dose calculations - megavoltage photon and electron beams. J Appl Clin Med Phys (2015)
16(5):14–34. doi: 10.1120/jacmp.v16i5.5768

44. Weiner MA, Leventhal B, Brecher ML, Marcus RB, Cantor A, Gieser PW, et al.
Randomized study of intensive MOPP-ABVD with or without low-dose total-nodal
radiation therapy in the treatment of stages IIb, IIIa2, IIIb, and IV hodgkin’s disease in
pediatric patients: A pediatric oncology group study. J Clin Oncol (1997) 15(8):2769–79.
doi: 10.1200/JCO.1997.15.8.2769

45. FitzGerald TJ. What we have learned: The impact of quality from a clinical trials
perspective. Semin Radiat Oncol (2012) 22(1):18–28. doi: 10.1016/j.semradonc.
2011.09.004

46. FitzGerald TJ, Urie M, Ulin K, Laurie F, Yorty J, Hanusik R, et al. Processes for
quality improvements in radiation oncology clinical trials. Int J Radiat Oncol Biol Phys
(2008) 71(1S):S76–9. doi: 10.1016/j.ijrobp.2007.07.2387

47. 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(32):3651–8. doi:
10.1200/JCO.2013.52.5410

48. Dharmarajan KV, Friedman DL, FitzGerald TJ, McCarten KM, Constine LS, Chen
L, et al. Radiotherapy quality assurance report from children’s oncology group
AHOD0031. Int J Radiat Oncol Biol Phys (2015) 91(5):1065–71. doi: 10.1016/
j.ijrobp.2014.11.034

49. Parzuchowski A, Bush R, Pei Q, Friedman DL, FitzGerald TJ, Wolden SL, et al.
Patterns of involved-field radiation therapy protocol deviations in pediatric versus
adolescent and young adults with Hodgkin lymphoma: A report from the children’s
oncology group AHOD0031. Int J Radiat Oncol Biol Phys (2018) 100(5):1119–25. doi:
10.1016/j.ijrobp.2018.01.002

50. Michalski JM, Janss A, Vezina G, Gajjar A, Pollack I, Merchant TE, et al. Results of
COG ACNS0331: A phase III trial of involved-field radiotherapy (IFRT) and low dose
craniospinal irradiation (LD-CSI) with chemotherapy in average-risk medulloblastoma: A
report from the children’s oncology group. Int J Radiat Oncol Biol Phys (2016) 96(5):937–
8. doi: 10.1016/j.ijrobp.2016.09.046

51. Rosen M, Kinahan PE, Gimpel JF, Opanowski A, Siegel BA, Hill GC, et al.
Performance observations of scanner qualification of NCI-designated cancer centers:
Results from the centers of quantitative imaging excellence (CQIE) program. Acad Radiol
(2017) 24(2):232–45. doi: 10.1016/j.acra.2016.09.025

52. Xiao Y, Rosen M. The role of imaging and radiation oncology core for precision
medicine era of clinical trial. Transl Lung Cancer Res (2017) 6(6):621–4. doi: 10.21037/
tlcr.2017.09.06

53. Giaddui T, Yu J, Manfredi D, Linnemann N, Hunter J, O’Meara E, et al. Structures’
validation profiles in transmission of imaging and data (TRIAD) for automated national
clinical trials network (NCTN) clinical trial digital data quality assurance. Pract Radiat
Oncol (2016) 6(5):331–3. doi: 10.1016/j.prro.2016.01.007

54. Casey KE, Alvarez P, Kry SF, Howell RM, Lawyer A, Followill D. Development and
implementation of a remote audit tool for high dose rate (HDR) ir-192 brachytherapy
using optically stimulated luminescence dosimetry. Med Phys (2013) 40(11):112102. doi:
10.1118/1.4824915
Frontiers in Oncology 08
55. Aguirre J, Alvarez P, Amador C, Tailor A, Followill D, Ibbott G. We-D-BRB-08:
Validation of the commissioning of an optically stimulated luminescence (OSL) system
for remote dosimetry audits. Med Phys (2010) 37(6):3428. doi: 10.1118/1.3469396

56. Ulin K, Urie MM, Cherlow JM. Results of a multi-institutional benchmark test for
cranial CT/MR image registration. Int J Radiat Oncol Biol Phys (2010) 77(5):1584–9. doi:
10.1016/j.ijrobp.2009.10.017

57. Urie M, FitzGerald TJ, Followill D, Laurie F, Marcus R, Michalski J. Current
calibration, treatment, and treatment planning techniques among institutions
participating in the children’s oncology group. Int J Radiat Oncol Biol Phys (2003) 55
(1):245–60. doi: 10.1016/S0360-3016(02)03827-0

58. Carson ME, Molineu A, Taylor PA, Followill DS, Stingo FC, Kry SF. Examining
credentialing criteria and poor performance indicators for IROC houston’s
anthropomorphic head and neck phantom. Med Phys (2016) 43(12):6491. doi: 10.1118/
1.4967344

59. Kerns JR, Stingo F, Followill DS, Howell RM, Melancon A, Kry SF. Treatment
planning system calculation errors are present in most imaging and radiation oncology
core-Houston phantom failures. Int J Radiat Oncol Biol Phys (2017) 98(5):1197–203. doi:
10.1016/j.ijrobp.2017.03.049

60. Mayo CS, Moran JM, Bosch W, Xiao Y, McNutt T, Popple R, et al. American
Association of physicists in medicine task group 263: Standardizing nomenclatures in
radiationoOncology. Int J Radiat Oncol Biol Phys (2018) 100(4):1057–66. doi: 10.1016/
j.ijrobp.2017.12.013

61. Yu J, Straube W, Mayo C, Giaddui T, Bosch W, Ulin K, et al. Radiation therapy
digital data submission process for national clinical trials network. Int J Radiat Oncol Biol
Phys (2014) 90(2):466–7. doi: 10.1016/j.ijrobp.2014.05.2672

62. Giaddui T, Li N, Curry K, Moore K, Mell L, Leath C, et al. Su-F-T-351: Establishing
a workflow for IMRT pre-treatment reviews for NRG-GY006 clinical trial. Med Phys
(2016) 43(6):3544. doi: 10.1118/1.4956536

63. Followill DS, Kry SF, Qin L, Lowenstein J, Molineu A, Alvarez P, et al. The
radiological physics center’s standard dataset for small field size output factors. J Appl Clin
Med Phys (2012) 13(5):3962. doi: 10.1120/jacmp.v13i5.3962

64. Taylor PA, Kry SF, Followill DS. Pencil beam algorithms are unsuitable for proton
dose calculations in lung. Int J Radiat Oncol Biol Phys (2017) 99(3):750–6. doi: 10.1016/
j.ijrobp.2017.06.003

65. Kry SF, Molineu A, Kerns JR, Faught AM, Huang JY, Pulliam KB, et al.
Institutional patient-specific IMRT QA does not predict unacceptable plan delivery. Int
J Radiat Oncol Biol Phys (2014) 90(5):1195–201. doi: 10.1016/j.ijrobp.2014.08.334

66. Amador C, Keith T, Nguyen T, Molineu A, Followill D. Su-E-P-02: Imaging and
radiation oncology core (IROC) Houston QA center (RPC) credentialing. Med Phys
(2014) 41:127. doi: 10.1118/1.4887940

67. Followill DS, Molineu H, Lafratta RG, Ibbott GS. The IROC Houston quality
assurance program: Potential benefits of 3D dosimetry. J Phys: Conf Series. (2017) 847.
doi: 10.1088/1742-6596/847/1/012029

68. Prior F, Smith K, Sharma A, Kirby J, Tarbox L, Clark K, et al. The public cancer
radiology imaging collections of the cancer imaging archive. Sci Data. (2017) 4:170124.
doi: 10.1038/sdata.2017.124

69. Taylor RE, Donachie PH, Weston CL, Robinson KJ, Lucraft H, Saran F, et al.
Impact of radiotherapy parameters on outcome for patients with supratentorial primitive
neuro-ectodermal tumours entered into the SIOP/UKCCSG PNET 3 study. Radiother
Oncol (2009) 92(1):83–8. doi: 10.1016/j.radonc.2009.02.017

70. Eich HT, Engenhart-Cabillic R, Hansemann K, Lukas P, Schneeweiss A,
Seegenschmiedt H, et al. Quality control of involved field radiotherapy in patients with
early-favorable (HD10) and early-unfavorable (HD11) hodgkin’s lymphoma: An analysis
of the German Hodgkin study group. Int J Radiat Oncol Biol Phys (2008) 71(5):1419–24.
doi: 10.1016/j.ijrobp.2007.12.002

71. Dixon P, O’Sullivan B. Radiotherapy quality assurance: Time for everyone to take it
seriously. Eur J Cancer. (2003) 39(4):423–9. doi: 10.1016/S0959-8049(02)00744-X

72. Toita T, Kato S, Ishikura S, Tsujino K, Kodaira T, Uno T, et al. Radiotherapy
quality assurance of the Japanese gynecologic oncology group study (JGOG1066): A
cooperative phase II study of concurrent chemoradiotherapy for uterine cervical cancer.
Int J Clin Oncol (2011) 16(4):379–86. doi: 10.1007/s10147-011-0196-4

73. Jullumstrø E, Wibe A, Lydersen S, Edna TH. Violation of treatment guidelines –
hazard for rectal cancer patients. Int J Colorectal Dis (2012) 27(1):103–9. doi: 10.1007/
s00384-011-1283-8

74. Gaze MN, Boterberg T, Dieckmann K, Hörmann M, Gains JE, Sullivan KP, et al.
Results of a quality assurance review of external beam radiation therapy in the
international society of paediatric oncology (Europe) neuroblastoma group’s high-risk
neuroblastoma trial: A SIOPEN study. Int J Radiat Oncol Biol Phys (2013) 85(1):170–4.
doi: 10.1016/j.ijrobp.2012.05.004

75. Gains JE, Stacey C, Rosenberg I, Mandeville HC, Chang YC, D’Souza D, et al.
Intensity-modulated arc therapy to improve radiation dose delivery in the treatment of
abdominal neuroblastoma. Future Oncol (2013) 9(3):439–49. doi: 10.2217/fon.12.199

76. Müller RP, Eich HT. The development of quality assurance programs for
radiotherapy within the German Hodgkin study group (GHSG). introduction,
continuing work, and results of the radiotherapy reference panel. Strahlenther Onkol.
(2005) 181(9):557–66. doi: 10.1007/s00066-005-1437-0

77. Melidis C, Bosch WR, Izewska J, Fidarova E, Ishikura S, Followill D, et al. Ep-1434
quality assurance for clinical trials in radiotherapy. Radiother Oncol (2012) 103:S546–7.
doi: 10.1016/S0167-8140(12)71767-X
frontiersin.org

https://doi.org/10.1200/JCO.2015.63.1119
https://doi.org/10.1016/j.ijrobp.2010.11.019
https://doi.org/10.2967/jnumed.110.081224
https://doi.org/10.1102/1470-7330.2006.9039
https://doi.org/10.1148/radiol.2015151169
https://doi.org/10.1158/1078-0432.CCR-09-1624
https://doi.org/10.1158/1078-0432.CCR-09-1624
https://doi.org/10.1016/S1470-2045(17)30074-8
https://doi.org/10.1016/S1470-2045(17)30074-8
https://doi.org/10.1118/1.3455705
https://doi.org/10.2967/jnumed.116.186759
https://doi.org/10.2967/jnumed.116.186759
https://doi.org/10.1120/jacmp.v16i5.5768
https://doi.org/10.1200/JCO.1997.15.8.2769
https://doi.org/10.1016/j.semradonc.2011.09.004
https://doi.org/10.1016/j.semradonc.2011.09.004
https://doi.org/10.1016/j.ijrobp.2007.07.2387
https://doi.org/10.1200/JCO.2013.52.5410
https://doi.org/10.1016/j.ijrobp.2014.11.034
https://doi.org/10.1016/j.ijrobp.2014.11.034
https://doi.org/10.1016/j.ijrobp.2018.01.002
https://doi.org/10.1016/j.ijrobp.2016.09.046
https://doi.org/10.1016/j.acra.2016.09.025
https://doi.org/10.21037/tlcr.2017.09.06
https://doi.org/10.21037/tlcr.2017.09.06
https://doi.org/10.1016/j.prro.2016.01.007
https://doi.org/10.1118/1.4824915
https://doi.org/10.1118/1.3469396
https://doi.org/10.1016/j.ijrobp.2009.10.017
https://doi.org/10.1016/S0360-3016(02)03827-0
https://doi.org/10.1118/1.4967344
https://doi.org/10.1118/1.4967344
https://doi.org/10.1016/j.ijrobp.2017.03.049
https://doi.org/10.1016/j.ijrobp.2017.12.013
https://doi.org/10.1016/j.ijrobp.2017.12.013
https://doi.org/10.1016/j.ijrobp.2014.05.2672
https://doi.org/10.1118/1.4956536
https://doi.org/10.1120/jacmp.v13i5.3962
https://doi.org/10.1016/j.ijrobp.2017.06.003
https://doi.org/10.1016/j.ijrobp.2017.06.003
https://doi.org/10.1016/j.ijrobp.2014.08.334
https://doi.org/10.1118/1.4887940
https://doi.org/10.1088/1742-6596/847/1/012029
https://doi.org/10.1038/sdata.2017.124
https://doi.org/10.1016/j.radonc.2009.02.017
https://doi.org/10.1016/j.ijrobp.2007.12.002
https://doi.org/10.1016/S0959-8049(02)00744-X
https://doi.org/10.1007/s10147-011-0196-4
https://doi.org/10.1007/s00384-011-1283-8
https://doi.org/10.1007/s00384-011-1283-8
https://doi.org/10.1016/j.ijrobp.2012.05.004
https://doi.org/10.2217/fon.12.199
https://doi.org/10.1007/s00066-005-1437-0
https://doi.org/10.1016/S0167-8140(12)71767-X
https://doi.org/10.3389/fonc.2023.1015596
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org

	Quality improvements in radiation oncology clinical trials
	1 Introduction
	2 History of radiation oncology clinical trials
	3 QA process
	4 Site qualification
	5 Clinical trials support
	6 Credentialing
	7 Clinical trial management
	8 Data management
	9 Conclusion
	Author contributions
	Funding
	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 /sRGB
  /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


