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Objective: The Pediatric Proton/Photon Consortium
Registry (PPCR) is a comprehensive data registry
composed of pediatric patients treated with radiation. It
was established to expedite outcomes-based research.
The attributes which allow the PPCR to be a successful
collaboration are reviewed.

Methods and materials: Current eligibility criteria are radi-
otherapy patients < 22 years treated at one of the 15 US
participating institutions. Detailed health and treatment
data are collected about the disease presentation and
treatment exposures, and annually thereafter, in REDCap
(Research Electronic Data Capture). DICOM (Digital
Imaging and Communications in Medicine) imaging and
radiation plans are collected through MIM/MIMcloud. An
optional patient-reported quality-of-life (PedsQL) study is
administered at 10 sites.

Results: Accrual started October 2012 with 2,775 partic-
ipants enrolled as of 25 July 2019. Most patients, 62.0%,
were treated for central nervous system (CNS) tumors, the
most common of which are medulloblastoma (n = 349),
ependymoma (n = 309), and glial/astrocytoma tumors (n
= 279). The most common non-CNS diagnoses are rhab-
domyosarcoma (n = 284), Ewing’s sarcoma (n = 153), and
neuroblastoma (n = 130). While the majority of partici-
pants are US residents, 18.7% come from 36 other coun-
tries. Over 685 patients participate in the PedsQL study.
Conclusions: The PPCR is a valuable research platform
capable of answering countless research questions that
will ultimately improve patient care. Centers outside of the
USA are invited to participate directly or may engage with
the PPCR to align data collection strategies to facilitate
large-scale international research.
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Advances in knowledge: For investigators looking to
carry out research in a large pediatric oncology cohort or

INTRODUCTION AND OBJECTIVES

The Pediatric Proton/Photon Consortium Registry (PPCR) is a
consented registry currently comprised of 15 institutions that
was established to expedite radiation outcomes-based research
in pediatric oncology patients. It was established as a proton-
specific registry, but it became apparent that including all radi-
ation modalities would broadly enhance the scope of research
possible. Therefore, in 2018, the PPCR protocol was amended
to include photon patients and other forms of ionizing radio-
therapy, such as particle therapies, permutations on photon-
based treatments, and FLASH radiotherapy."

Pediatric cancers are heterogeneous and comprise only 1% of
all cancers, limiting the ability of single-institutions to amass
clinical data and readily generate empirical results. Established
cooperative groups, such as the Children’s Oncology Group or
the International Society of Pediatric Oncology, are focused
on addressing specific disease control-related questions often
related to pharmacologic strategies and are limited in their ability
to answer specific radiation treatment-related questions. Access
to cooperative group data is resource-limited, even for members,
and secondary analysis requests are often not readily accom-
modated. Furthermore, radiation plan access may be limited
because the archival process can be incomplete or captured in
paper format, which limits further analysis. Large cohort studies,
such as the Childhood Cancer Survivor Study, address the ques-
tion on how radiation contributes to late effects, but in radiation
modalities that are no longer representative of modern radiation
capabilities.’ The modern era of radiotherapy using intensity
modulation or particle therapy holds much greater promise in
reducing the late-effects typically seen.

The PPCR is the most comprehensive multi-institutional
radiation-based pediatric patient registry in existence and is
unique in its scope and depth.* This data set brings the Quantita-
tive Analysis of Normal Tissue Effects in the Clinic-like efforts in
pediatrics to a much more robust level. Pediatric Normal Tissues
Effects in the Clinic (PENTEC) is an ongoing effort to correlate
dose to specific normal structures with late-effect outcomes in
the pediatric population and establish quantitative evidence-
based dose/volume/risk guidelines to inform radiation treat-
ment planning,” The PENTEC collaborative effort has found that
previously published data is often heterogeneously reported or
not specific enough to make dosimetric correlations. Through
the collection of 3D treatment plans and late-effects data, the
PPCR has the capability to be queried specifically for this
purpose, which will further improve upon the PENTEC process
and ultimately improve outcomes in pediatric cancer survivors.®

Radiation is a leading cause of late-effects in pediatric cancer
survivors, and prior to the formation of the PPCR, there was
no large-scale collaborative effort able to study the effects of
proton therapy correlated with dosimetry.® The PPCR puts
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interested in registry work, this paper provides an updated
overview of the PPCR.

radiotherapy in the greater context of clinical care through its
extensive collection of data inclusive of chemotherapy expo-
sure and surgery, and its capture of patient reported outcomes
(PROs). Examination of radiotherapy and chemotherapy
sequencing, chemotherapy effect on radiation tolerance, and
in-depth dosimetric analyses in accordance with outcomes
are just a few examples of topics that can be addressed lever-
aging the PPCR. With broad eligibility criteria, this collabo-
rative multi-institutional effort can provide the sample sizes
necessary to elucidate the impact of radiotherapy treatment
on long-term outcomes in heterogeneously treated patients
and capture the rarer tumors not studied in cooperative group
settings. In the era of escalating healthcare expenditures, it has
become critical for health insurers and governments to evaluate
new technologies to decide whether to incorporate them into
the healthcare armamentarium, and we have seen very prom-
ising radiotherapy technologies restricted due to a lack of data
proving its benefits.”~

Here, the consortium, its operations, recent changes, and an
overview of the current PPCR cohort are reviewed. In addition to
future directions, we also discuss characteristics of the Registry
that have allowed it to flourish. It is our hope that data collection
on pediatric oncology patients can be aligned internationally so
we can learn maximally from every child we treat and accelerate
progress in this most deserving patient population, and that this
paper serves as a guide for other investigators with similar goals.

METHODS AND MATERIALS

Registry overview

The PPCR (formerly the Pediatric Proton Consortium Registry)
was established in 2010 and began enrolling its first patient in
October 2012.'%! In October 2018, the Registry expanded to
include all radiation-treated patients to enhance research capa-
bilities and facilitate comparative effectiveness analysis. The
PPCR coordinating center resides at Massachusetts General
Hospital (MGH, Boston, MA, USA) and is comprised of five
core individuals: principal investigator, project manager,
biostatistician, and two clinical research coordinators. Table 1
lists the participating institutions with enrollment start date and
participant total. Another three proton centers and four photon
centers are in the process of joining. The PPCR is currently
jointly funded by the NCI/MGH Federal Share of Proton
Income research fund.

The primary objective of the PPCR is to accelerate radiation
outcomes-based research to inform clinicians of the most prom-
ising and least toxic forms of treatment. Its secondary objective
is to identify important trends in the administration and avail-
ability of these newer and promising treatments by tracking
referral patterns and barriers to treatment such as lack of insur-
ance coverage.
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Table 1. Participant accrual by institution and date of first enroliment.

Institution Date of First Enrollment Patients Enrolled
Massachusetts General Hospital® (Boston, MA) Oct 2012 680
Northwestern Medicine Chicago Proton Center (Chicago, IL) Sep 2013 289
University of Florida Health Proton Therapy Institute (Jacksonville, FL) Nov 2013 563
Washington University (St. Louis, MO) Mar 2014 104
MD Anderson Cancer Center (Houston, TX) Jun 2014 427
University of Pennsylvania® (Philadelphia, PA) Jun 2014 88
University of Washington (Seattle, WA) Feb 2016 125
ProCure Proton Therapy Center® (Somerset, NJ) Jun 2016 84
Mayo Clinic* (Rochester, MN) Jul 2016 128
Oklahoma Proton Therapy Center® (Oklahoma City, OK) Oct 2016 23
Texas Center for Proton Therapy® (Irving, TX) Nov 2016 90
Maryland Proton Therapy Center” (Baltimore, MD) Apr 2017 55
Cincinnati Children’s Hospital Medical Center® (Cincinnati, OH) Oct 2017 114
Provision Center for Proton Therapy® (Knoxville, TN) Mar 2019 5
California Protons Cancer Therapy Center® (San Diego, CA) Jul 2019° o°
TOTAL 2775

2Participating in optional patient-reported quality-of-life (QoL) study

PDate site was first approved to enroll participants. No participants accrued at time of data analysis.

Enrollment/Eligibility

The PPCR is a consented registry. Any patient who receives radi-
ation at a participating PPCR institution under 22 years of age
at the time of radiotherapy start is eligible for enrollment and
must consent to participate. Most patients are enrolled at some
point during their primary treatment, although prior radiation
treatment does not exclude them from being eligible. In October
of 2018, we added the ability to consent patients who are seen
in follow-up, and these patients comprise a separate retrospec-
tive cohort. This retrospective cohort will allow us to prospec-
tively follow patients who were treated prior to the opening of
the Registry at their institution, which will enhance the ability
to describe late-effects and complications of treatment. Patients
are eligible regardless of treatment modality, treatment time,
tumor type, or concurrent treatment(s). Presently, each site
follows their local institutional policies regarding consent/
assent, including re-consenting participants when they reach the
age of majority in the USA (18 years of age).'>!*> PPCR qualifies
as a minimal risk protocol which allows physicians, nurses, and
clinical research coordinators to approach, consent, and enroll
patients to optimize accrual. For eligible patients who do not
consent, limited, non-identifying demographics and diagnosis
information is collected to better understand if there is a bias as
to who is not consenting.

Data infrastructure

Data are collected and managed in two Health Insurance Porta-
bility and Accountability Act (HIPAA)'"-compliant internet-
based electronic data capture (EDC) platforms: REDCap and
MIM. !>

REDCap

Treatment, diagnostic, clinical information, and PROs are
collected and managed using REDCap.'>!® REDCap is an inter-
nationally available, secure, no-cost, web-based software plat-
form for building and managing data capture and online surveys
that is supported by the US National Institutes of Health (NTH).
REDCap is compliant with health information privacy laws
(including 21 CFR Part 11, FISMA, and HIPAA).'* The REDCap
platform provides (1) an interface for validated data capture; (2)
audit trails for tracking data manipulation and export proce-
dures; and (3) automated export procedures for seamless data
downloads. The PPCR clinical data is collected at baseline (pre-
treatment), treatment, and follow-up timepoints (Table 2). Data
are collected utilizing branching logic, such that only fields
relevant to the previous answers are presented. Data may be
extracted by manual download or in an automated fashion using
built-in REDCap reporting features.

MIM

De-identified radiation treatment plan and imaging studies are
transmitted for storage through MIM with automation of data
collection for dose-volume histogram (DVH) data for the target
and normal structures. The PPCR utilizes MIM Software Inc’s
MIMcloud: a secure, internet-based DICOM and other file
transmitting service.!” All files uploaded through MIMcloud are
then stored on a server housed at and maintained by MGH. Final
treatment plan files submitted are the composite treatment plan,
a summation of the various phases of treatment, planning CT
scan, target and normal contours, and dosimetry files. Treatment
and follow-up DICOM imaging studies are also uploaded.
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Table 2. Clinical data collected.

Tests and Procedures Pre-Treatment Treatment End of Treatment Follow-up

Consent and Registration X

Demographics X

Primary Diagnosis X

Baseline Health Inventory X

Imaging X X X

Tumor-related Surgery X X X (if applicable)

Radiation X X X (if applicable)

Radiation Toxicity X X

Chemotherapy and Protocols X X (if applicable)

Disease Status X

PedsQL Questionnaires X X X

Health Status Survey X (MGH only)

Baseline Health Status, Health deficits, medications, and specific testing such as neurocognitive, endocrine, and hearing. Symptoms are again
captured at the end of treatment; Chemotherapy and Surgery, Tumor-related surgery, plus drug exposures and any applicable COG protocol
information; Demographics, Contact information, insurance details, referring physicians/institution; Diagnosis and Staging, Details of diagnosis,
relevant tumor markers, and cancer predisposition syndromes; Diagnostic Imaging, Imaging related to diagnosis/staging, any metastatic sites,
and monitoring of pertinent sites at follow-up; Follow-up, Clinical/vital status, development of other malignancies, side effects/health events,
education information, medications, and site-specific testing; PedsQL, Patient reported quality-of-life (QoL) questionnaire administered during
first and last week of RT and then annually; Radiation Details, Dates and dosing details of radiation treatments (prior, current when enrolled on
trial, and future, if applicable), and the current radiation plan is centrally archived.

Accessing data

Consortium participants have the benefit of a platform for
communication and quality-related evaluation of practices, as
well as access to their own data for administrative purposes and
to measure trends in patient referrals and care. Through REDCap
tools and access rights, every institution has direct access to
view, download, analyze, and report on their own patients
without oversight from the PPCR coordinating center personnel.
Tailored data exports of multi-institutional data are available to
consortium members and outside investigators through a PPCR-
specific “Request for Data” (RFD) form in REDCap. The form is
processed by the data management team at MGH who queries
the principal investigators at each site to determine whether
they would like to opt in or out of the proposed study. Data is
extracted from REDCap for those institutions who opted into
the study, de-identified, and then distributed to the requesting

Figure 1. Total participant enrollment by year (n = 2775).
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investigator for analysis. This process typically takes 15-30 days
from the original request.

Data monitoring

Monthly reports are run in REDCap to monitor validity of infor-
mation and to generate Missing Fields Reports (MFRs) and Data
Quality Reports for each PPCR institution. MFRs ensure that, at
minimum, a core list of required critical fields have been filled in.
Critical fields are a subset of the data fields judged to be the most
important to understanding the patient’s diagnosis, treatment,
and follow-up. It consists of approximately 38 fields (Supple-
mental appendix 1) and takes 10-15min of data entry time per
patient. Missing data is routinely filled in and outliers are re-re-
viewed within the medical record and addressed to ensure the
data is correct and up-to-date at all participating sites.

Figure 2. Participant residency by state in the USA.

M 0Participants
1-19 Participants.
20-49 Participants

[ >50 Participants

4 of 9 birpublications.org/bjr

Br J Radiol;92:20190673



http://birpublications.org/bjr
www.birpublications.org/doi/suppl/10.1259/bjr.20190673/suppl_file/Lawell Supplemental Appendix 9.9.19.docx
www.birpublications.org/doi/suppl/10.1259/bjr.20190673/suppl_file/Lawell Supplemental Appendix 9.9.19.docx

An invitation to join the Pediatric Proton/Photon Consortium Registry

Figure 3. Participant residency by country.
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Table 3. Participant demographics.

Patient reported outcomes

In September 2015, the PPCR introduced the PedsQL PRO
survey, which is an age-appropriate previously validated measure
of health-related QoL (HRQoL) which accommodates both child
and parent reporting.'®" Ten of the 15 PPCR member institu-
tions have implemented this optional study component. The
PedsQL Core Module generates multiple, different summary, and
subscores including total, physical, and psychosocial. Surveys
are administered twice during radiation treatment and annually
thereafter. REDCap’s functionality affords iPad or mobile phone
use for patient interface, as well as emailing out a secure link to
the survey in follow-up.

All Patients n = 2720 (%)* CNS 1 =1686 (%)* Non-CNS n =1034 (%)?*

Age at RT Start

Median (range) in years 9.6 (<1-21.9) 9.4 (<1-21.9) 10.0 (<1-21.9)

<5 Years 586 (21.5) 331 (19.6) 255 (24.7)

>5 Years 1704 (62.6) 1085 (64.4) 619 (59.9)
Gender

Male 1524 (56.0) 985 (58.4) 539 (52.1)

Female 1183 (43.5) 696 (41.3) 487 (47.1)
Race

White or Caucasian 1897 (69.7) 1182 (70.1) 715 (69.1)

Black or African American 187 (6.9) 118 (7.0) 69 (6.7)

Asian 124 (4.6) 83 (4.9) 41 (4.0)

Arab/Middle Eastern 31(1.1) 21 (1.3) 10 (1.0)

Native American/Alaska Native 10 (0.4) 7(0.4) 3(0.3)

Native Hawaiian or Other Pacific Islander 9 (0.3) 7 (0.4) 2(0.2)

Unknown or not reported 295 (10.8) 173 (10.3) 122 (11.8)

Other 132 (4.9) 84 (5.0) 48 (4.6)
Ethnicity

Hispanic or Latino 291 (10.7) 190 (11.3) 101 (9.8)

Not Hispanic or Latino 1898 (69.8) 1183 (70.2) 715 (69.1)

Unknown or not reported 474 (17.4) 281 (16.7) 193 (18.7)
Residence

United States 1892 (69.6) 1201 (71.2) 691 (66.9)

International 507 (18.7) 316 (18.7) 191 (18.5)
Insurance

Covered 1863 (68.5) 1181 (70.0) 682 (70.0)

Partial Coverage 15 (<1) 9 (<1) 6 (<1)

Coverage Amount Unknown 291 (10.7) 167 (9.9) 124 (12.0)

None 67 (2.5) 49 (2.9) 18 (1.7)

CNS, central nervous system; RT, radiation treatment.
2Totals may not sum to 100% of cohort because of rounding, missing data fields, or data may not be inputted into the registry. A total of 2720
patients were enrolled at time of analysis. Unavailable data: Age 430/2720 (15.8%), gender 13/2720 (0.5%), race 79/2720 (2.9%), ethnicity 57/2720
(2.1%), insurance 484/2720 (17.8%), and residence 115/2720 (4.2%). Information on residency ineligible to be collected on 205 (7.5%) patients due
to institutional IRB restrictions. Totals and percentages of race may exceed 100 due to multiple responses per patient.
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In addition to PedsQL administration, we are piloting a patient/
parent-proxy reported health status survey at one of our PPCR
sites to help alleviate the burden of follow-up data collection.
Many radiation treatment centers are usually quaternary referral
centers, and patients receive follow-up care back at their referring
institution.'® Follow-up with the radiation treatment team can
be highly variable, yet these long-term outcomes are of critical
importance to evaluate the safety, efficacy, and toxicities of radia-
tion treatment. The survey is designed to be completed in under
5min on any electronic device. The survey questions include
verifying or updating contact information, disease and health
status, recent medical care, and social information including
education or employment status. A survey non-response or
an affirmative response to any health question that indicates a
change in health status (i.e., new diagnosis or new medication)
triggers an in-depth review of the patients’ medical records and
soliciting of information from the referring hospital if they are
not followed locally.

RESULTS

As of 25 July 2019, 2775 participants have been enrolled. Overall
accrual by institution is shown in Table 1 and Figure 1. Most
enrolled patients comprise our prospective cohort (2715/2775,
97.8%). The PPCR cohort is 44.0% female and 69.7% Caucasian.
Median age at the start of radiotherapy is 9.6 years (range:<1-
21.9). While most patients treated at the PPCR sites are from
the USA (Figure 2), 18.7% come from other countries. The most
common countries that refer patients for treatment in the USA
are Canada, England, Denmark, and Australia, but over 36 coun-
tries around the globe are represented (Figure 3). Demographic
information is detailed in Table 3. CNS diagnoses comprise 62.0%
(n =1,682) of the cohort. The most common CNS diagnoses are
medulloblastoma, ependymoma, and glial/astrocytoma tumors.
The most common non-CNS diagnoses in the remaining 38%
(n=1,038) are rhabdomyosarcoma, Ewing’s sarcoma, neuroblas-
toma, and Hodgkin’s lymphoma. Primary diagnoses by CNS and
non-CNS tumor type are illustrated by Figures 4 and 5, respec-
tively. Details about radiation treatment are shown in Table 4. A

Figure 4. Intracranial and CNS diagnoses, n = 1682. CNS,
central nervous system; NOC, not otherwise classified; PNET,
primitive neuroectodermal tumor. *Diagnoses that individu-
ally compose <1% include: Neuroepithelial tumors, NOC (n =
10), Nerve sheath tumors (n = 14), Pituitary adenomas (n = 14),
Choroid plexus tumors (n =12), DNET (Dysembroyplastic neu-
roepithelial tumor) (n = 6), Neurocytoma (n = 5), Leukemia (n
= 3), and Langerhan'’s histiocytosis (n = 2).

Ependymoma: (n=309: 18.4%)
Medulloblastoma: (n=349: 20.7%)

GhaI/Astrocyloma tumors: (n=279:

Other: (n=13: 0.8%)
Embryonal tumors: (n=23: 1.4%)
Vascular lesions: (n=26: 1.5%)
Meningioma: (n=27: 1.6%)
PNET: (n=28: 1.7%)
Sarcoma: (n=38: 2.3%)
Pineal tumors (Non Germ-cell): (n=40: ‘
2.4%)
ATRT, Atypical Teratoid Rhabdoid
Tumor: (n=55: 3.3%) |
Diagnoses <1%*: (n=66: 3.9%)
Missing: (n=73: 4.3%)

Craniopharyngioma: (n=181: 10.8%)

Germ Cell: (n=175: 10.4%)

Lawell et a/

total of 1194 plans have been sent to centralized storage on the
PPCR MIM server.

At the time of this analysis, there were a total of 1,332 partic-
ipants with a least one follow-up time point entered in the
database. Of these, 94.9% (n = 1,265) were enrolled prior to
June 2018 and due for annual follow-up. The median follow-up
among these participants is 1.6 years (<1-16.2). At the time of
analysis, 9.5% (n = 127) of participants died with 77 attribut-
able to a primary tumor/malignancy and three to secondary
tumors/malignancies. A total of 7.4% (n = 99) of participants
have disease progression/recurrence/ transformation. Another
1.6% (n = 21) of participants have a new tumor identified.
Detailed clinical and vital status at last follow-up is described
in Table 5.

DISCUSSION

The PPCR is a highly successful collaboration of investigators
and is unique in the pediatric radiation oncology field. The
PPCR provides a platform to learn from every patient and will
help accelerate the pace of research on the costs and benefits of
modern radiotherapy in the era of intensity modulated photon
treatment and particle center treatment modalities. The hetero-
geneity of the patients enrolled and different practice patterns
across the institutions can be evaluated for efficacy both in
disease control and for other health outcome measures. This
data set will be strengthened as other global radiation centers
join our consortium or collect data in a similar manner that
allows for high-powered, large scale studies with the potential
to detect significant differences among treatment approaches.
With over 2700 participants across the 15 participating insti-
tutions, the Registry is available as a resource for investigator-
initiated research and for investigators wishing to partner with
the PPCR to answer important questions in pediatric oncology.

Much of the success of the Registry to date is due to the
commitment of the participating principal investigators and
their departmental support. While no institution is currently
funded to enroll patients and collect data, all are vested in
the mission to learn from every patient and improve care

Figure 5. Non-CNS diagnoses, n = 1038. Non-CNS, non-
central nervous system. *Diagnoses that individually compose
<1% include: Ethesioneuroblastoma (n = 9), Non-Hodgkin's
lymphoma (n = 9), Melanoma (n = 6), Germ cell (n = 5), Leu-
kemia (n = 3), Paraganglioma/Pheochromocytoma (n = 4),
Langerhan's Histiocytosis (n = 2), Pleomorphic adenoma (n =
2), Plasmacytoma (n = 1), and Giant cell tumor (n = 1).

Rhabdomyosarcoma: (n=284: 28.2%) Ewing's Sarcoma: (n=153: 15.2%)

Neuroblastoma: (n=130: 12.9%)

Hemangioma: (n=11: 1.1%) —
Diagnoses <1%*: (n=50: 5.0%) @
Retinoblastoma: (n=13: 1.3%)— ’

Chondrosarcoma: (n=14: 1.4%)
Osteosarcoma: (n=18: 1.8%)
Other: (n=18: 1.8%) / ’
Carcinoma: (n=60: 6.0%) \
Chordoma: (n=61: 6.1%)

Hodgkins lymphoma: (n=119: 11.8%)

Sarcoma, Soft tissue and benign
tumors (non Rhabdo): (n=75: 7.5%)
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Table 4. Radiation treatment details.

Total n = 2290 (%)* CNS n = 1416 (%)* Non-CNS n = 874 (%)*
RT Dose (Gy) median (range) 54 (1.8-78) 54 (6.3-72.1) 50.4 (1.8-78)
Intent of RT
Curative 2258 (98.6) 1399 (98.8) 859 (97.3)
Palliative 30 (1.3) 16 (1.1) 14 (1.6)
Anesthesia During RT
Yes 890 (38.9) 569 (40.2) 321 (36.7)
No 1392 (60.8) 840 (59.3) 552 (63.2)
Source/Technique Received
Protons 2271 (99.2) 1405 (99.2) 866 (99.1)
Photons 154 (6.7) 68 (4.8) 86 (9.8)
Electrons 6 (<1) 3(<1) 3(<1)
Mixed (Protons/Photons) 141 (6.2) 61 (4.3) 80 (9.2)
Anatomical Region Treated
Craniospinal Irradiation (CSI) 474 (20.7) 457 (32.3) 17 (2.0)
Whole Brain 39 (1.7) 37 (2.6) 2 (<1)
Whole Ventricle 121 (5.3) 121 (8.6) 0(0)
Whole Posterior Fossa (PF) 170 (7.4) 169 (11.9) 1(<1)
Involved Field: Supratentorial 692 (30.2) 669 (47.3) 23 (2.6)
Involved Field: Infratentorial 261 (11.4) 255 (18.0) 6 (<1)
Involved Field: Spinal Region 223(9.7) 142 (10.0) 81 (9.3)
Whole Abdomen 45 (2.0) 0(0) 45 (5.2)
Whole Lung 10 (<1) 0 (0) 10 (1.1)
Involved Field: Head and Neck 472 (20.6) 72 (5.1) 400 (45.8)
Involved Field: Abdomen/Pelvis 304 (13.3) 40 (2.8) 264 (30.2)
Involved Field: Thoracic 171 (7.5) 3 (<1) 168 (19.2)
Involved Field: Extremity 55 (2.4) 2 (<1) 53 (6.1)

CNS, central nervous system; CSlI, craniospinal irradiation; IF, involved field; IMPT, intensity modulated proton therapy; PF, posterior fossa; RT,

radiation therapy.
Unavailable data: Anesthesia use 8/2290 (<1%).

3Totals may not sum to 100% of the entire cohort due to rounding, missing data fields, or data not yet inputted into the registry. Totals and
percentages of the source/technique received and area treated reflect occurrence within the registry and may exceed 100 due to multiple

responses per patient.

and outcomes. Importantly, unlike other proton-based radi-
ation oncology registries, there is no fee for members to join.
The immediate benefit is members have instantaneous, direct
access to their own institutional data, in addition to easy
access to the larger multi-institutional data sets which can
augment academic productivity and contribute meaningfully
to the evolution of radiotherapy in the treatment of pediatric
oncology patients.

Another success can be attributed to the use of a free, but
robust database platform, REDCap, in which the US NIH
has invested and continued to support. REDCap provides the
PPCR management team direct unfettered access to its data
and the freedom to manipulate and modify the database as
medical disease specific paradigms evolve. New treatments

and tumor biology can be and are regularly incorporated into
the data collection platform. In contrast, database platforms
managed by third party companies are unable to be nimbly
adapted without undue cost. This has been a major obstacle for
other radiation registries.

The Registry is partnered with the NCI, the MGH, as well as
numerous industry sponsors which spreads out operations
costs and brings together the appropriate people to govern it.
MIM Software, Inc. offered support with their MIMcloud plat-
form with an in-kind donation that allowed the collation and
archiving of the radiation plans.'” This new system is highly
efficient for the sites to use and allows DVH data to be exported
and uploaded into the REDCap platform. The structure of the
Registry is egalitarian with a steering committee comprised of
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Table 5. Clinical and vital status at last follow-up.

Lawell et a/

All patients n = 1332 (%)* CNS n =819 (%)* Non-CNS n =513 (%)*

Vital Status at Latest Follow-up

NED/tumor controlled 885 (66.4) 550 (67.2) 335 (65.3)

Alive with disease 79 (5.9) 50 (6.1) 29 (5.7)

Disease progression/recurrence/ transformation 99 (7.4) 64 (7.8) 35 (6.8)

Alive, disease status unknown 76 (5.7) 45 (5.5) 31 (6.0)

Deceased 106 (8.0) 54 (6.6) 52 (10.1)
New Tumor

Yes 12 (<1) 7 (<1) 5(<1)

No 1320 (99.1) 812 (99.1) 508 (99.0)
Treatment Since Last Follow-Up

Yes 212 (15.9) 118 (14.4) 94 (18.3)

No 977 (73.3) 618 (75.5) 359 (70.0)

Unknown 143 (10.7) 83 (10.1) 60 (11.7)
Imaging at Follow-Up

Yes 1303 (97.8) 800 (97.7) 503 (98.1)

No 5(<1) 3(<1) 2 (<1)

Missing 24 (1.8) 16 (2.0) 8(1.6)

NED, No evidence of disease.

3Total out of patients with at least one follow-up (n = 1332). Totals may not sum to 100% due to rounding, missing data fields, or data not yet

inputted into the registry. Unavailable data: All patients 87/1332 (6.5%)

the site investigators. Teleconference meetings are held quar-
terly, and in-person meetings are scheduled to coincide with
major national or international meetings where pediatric radi-
ation oncologists are likely to attend. Our external advisory
board meets yearly and is comprised of four distinguished
experts with leadership positions in cooperative groups, regis-
tries, and late-effects research.

The future direction of the PPCR includes potential expan-
sion into other areas of promise, such as biological specimen
banking to allow for interrogation of both tumor and normal
tissue radiosensitivity.?"** The PPCR can also be used for
pairing with other efforts, such as radiomics. The NCI’s Radi-
ation Epidemiology Branch plans a large-scale cohort study
leveraging this data collection platform to evaluate secondary
malignancies in both particle-related and photon-treated
cohorts with data linkage to the Virtual Cancer Registries
for second tumor and survival data. As the PPCR grows, we

hope to attract more such partnerships which will help prove
the value of this kind of dataset for years to come. We hope
the PPCR will garner the interest of other investigators with
similar goals of improving our cancer treatments and QoL of
our childhood cancer survivors. We invite international part-
nerships in this pediatric oncology registry effort and look
forward to accelerated learning on every one of our pediatric
cancer patients.
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