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Abstract

In April 2023, the National Cancer Institute offered a roadmap for cancer research

to achieve Cancer Moonshot goals. To reach these goals requires making progress

for all cancers, not just those that are most common. Achieving progress against

rare cancers, as well as common cancers, requires involvement of large clinical

research networks. In 2020, the Patient‐Centered Outcomes Research Institute

(PCORI) launched an initiative on Conducting Rare Disease Research using

PCORnet, the National Patient‐Centered Clinical Research Network. The purpose
of this commentary is to introduce the broader community of cancer researchers to

the PCORnet NET‐PRO study (comparing the effects of different treatment ap-

proaches for neuroendocrine tumors on patient‐reported outcomes) thereby

demonstrating how researchers can use the PCORnet infrastructure to conduct

large‐scale patient‐centered studies of rare cancers.
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Ensuring that effective treatment with minimal side effects is

accessible to all people, including those with rare cancers, is

embraced in one of eight goals of the National Cancer Institute (NCI)

National Cancer Plan1 which was released April 3, 2023. The Plan’s

aspirational statements respond to the Cancer Moonshot and offer a

roadmap for cancer research. An NCI‐led study,2 published immedi-
ately following the Plan’s release, reviewed opportunities to achieve

the Moonshot’s 50% mortality reduction goals. The study focused

solely on common cancers because these account for the largest

number of cancer deaths.2 An accompanying commentary3 high-

lighted that if little or no progress is made for the combined category

of uncommon cancers (accounting for 14.2% of age‐adjusted cancer
mortality), an unrealistic 3.44% yearly decrease in mortality from

common cancers would be required to achieve Moonshot goals. To

begin to address this challenge, the Cancer Moonshot supports NCI’s

Participant Engagement and Cancer Genome Sequencing Network4

focused on rare cancers or rare cancer subsets and other under-

studied populations. NCI’s National Clinical Trials Network (NCTN),

formerly the Cooperative Group Program, also includes Phase 1–3

rare cancer protocols.5 Consisting of four adult and one pediatric

group, NCTN groups receive infrastructure funding and are able to

reduce the costs of conducting trials by sharing resources. The

overall NCTN budget of $171 million enrolls 17,000–20,000 partic-

ipants annually, across all rare and common cancer protocols.6 The

Congressionally mandated Rare Diseases Clinical Research Network

(RDCRN) includes 20 topically focused research consortia,7 none of

which focuses on rare cancers. Clearly, to do this work, still more

large‐scale networks will be needed.
The US Patient‐Centered Outcomes Research Institute (PCORI)

has been an active participant in Moonshot activities. 8 PCORI fun-

ded the development of PCORnet, The National Patient‐Centered
Clinical Research Network, to conduct large‐scale patient‐centered
outcomes research faster and more efficiently through a reusable

research infrastructure and patient partnerships. Participating health

systems gather data from electronic health records and standardize

them into a common data model. In 2020, PCORI launched an

initiative on Conducting Rare Disease Research using PCORnet to

answer important questions about the treatment and management of

rare diseases or conditions through observational cohort studies. An

important part of the vision of PCORnet was that its scale (more than

60 centers within eight clinical research networks) would allow for

improved research on rare diseases. The purpose of this commentary

is to introduce the goals and methods of one PCORnet rare cancer

study to the broader community of cancer researchers and to

demonstrate how the infrastructure can make large‐scale research
accessible to and for people with a rare cancer as well as common

cancers.

The PCORnet NET‐PRO Study—comparing the effects of

different treatment approaches for neuroendocrine tumors on

patient‐reported outcomes—is an observational study with aims to
examine treatment sequencing, quality of life, progression‐free sur-
vival (PFS), and comparative safety outcomes. Neuroendocrine tu-

mors, or NETs, are a rare type of cancer that can occur anywhere in

the body. NETs often occur in the stomach, intestines, pancreas, or

lungs. Fewer than 20,000 people in the United States are diagnosed

with a NET each year9 and there are approximately 175,000 preva-

lent cases.10 Several treatments are available for NETs,11 but ques-

tions remain about which treatments work the best and the order in

which to use them.

NETs are typically slow‐growing in nature with prolonged sur-
vival and significant symptom burdens; however, few studies have

examined quality of life impacts. The complex and confusing

nomenclature of NETs contributes to a thin evidence base for optimal

management. Somatostatin analogues (SSAs) are established first‐
line agents for most well‐differentiated gastroenteropancreatic

(GEP) NETs, largely because of their demonstrated improvements in

overall survival in two placebo‐controlled randomized trials. How-
ever, there is no consensus guideline as to the optimum sequencing

of other therapeutic options. Interestingly, an assessment of the

clinical benefit of systemic treatments in GEP‐NETs found that

currently used treatments had low health benefit scores according to

the American Society of Clinical Oncology Net Health Benefit

(ASCO‐NHB), and none could be graded as meaningfully beneficial
clinically according to the European Society for Medical Oncology

(ESMO) Magnitude of Clinical Benefit Scale (ESMO‐MCBS).12

Therefore, one of the greatest challenges in the current NET

oncology management landscape is how best to optimally sequence

these many therapeutic options (if warranted at all), and how to tailor

treatment selection on the basis of individual characteristics of the

tumor and patient. This was underscored in a network meta‐analysis
of 30 randomized trials finding that severe and life‐threatening
adverse effects ranged from 3.0% to 83.9% depending on the treat-

ment combinations used, underlining the importance of mitigating

toxicity and optimizing sequencing of therapy for patients with pro-

longed survival.13

The NET‐PRO Study is composed of 14 partnering PCORnet

sites, from four clinical research networks that together saw an

estimated 6010 patients with NETs during 2019–2021 (Table 1). The

study was planned and designed with patients with NETs, four US

patient advocacy organizations focused on NETs (Table 1), and phy-

sicians with expertise in treating NETs.

Enrollment of patients in NET‐PRO began in May 2022 and will

continue for at least 21months. Patients 18 years and olderwith a new

diagnosis of a NET during 2018 or after are eligible and are being

identified fromelectronic health recordswith a computable phenotype

developed for the study, validated to have a positive predictive value in

excess of 90%. Across all sites, approximately 3000 patients will be

enrolled; there are 1494 enrolled to date) using low‐touch methods.
Patients are largely invited by email that includes a link to the study

portal and unique user log‐in credentials. Informed consent is admin-
istered through the study portal after which patients are presented a

baseline survey to complete online. Flexible recruitment methods

allow sites to supplement low‐touch email methods with mailed sur-
veys, phone calls, and in‐clinic recruitment.

Three types of data are being collected for the NET‐PRO study:

four patient surveys (at baseline, 6, 12, and 18 months), electronic
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health records, and chart reviews. The patient surveys (available on

request) and a study portal/NET personal health record were

designed with patient partners. The survey has been designed to

assess a broad range of topics that are best reported by patients

(Table 2). Clinical and tumor variables will be measured from the

electronic health record data in each site's instance of the PCORnet

common data model or from chart reviews (Table 3).

The NET‐PRO study has major strengths that distinguish it from

prior observational studies of neuroendocrine cancers. Patients are

being enrolled from multiple regions and health care systems. The

clinical and patient perspectives are merged by combining in‐depth
patient surveys with detailed clinical data extracted from elec-

tronic health record systems and selected clinical data abstracted

from manual chart reviews to create one of the most comprehensive

data sets for understanding the experiences, treatments, and out-

comes of patients with neuroendocrine tumors. Additionally, the

low‐touch recruitment methods and efficiency of interoperable

electronic health record data permits this rare cancer and its sub-

types to be investigated at a large scale. Finally, NET‐PRO is

following PCORI’s engagement rubric24 for a rigorous stakeholder

engagement plan for the planning, conduct, and engagement phases

of the study.

The NET‐PRO study also faced a number of challenges that

needed to be addressed. Patients with neuroendocrine tumors often

have metastatic disease at the time of diagnosis and have a high

prevalence of moderate to severe symptoms especially tiredness

(44%–50%), lack of well‐being (37%–49%), and anxiety (30%–

40%).25 Special efforts are being made to recruit these patients,

including multiple modes and a REDCap recruitment monitoring tool

deployed to all participating clinical sites. Additionally, to enable low‐
touch recruitment, a computable phenotype was needed that could

be efficiently deployed for cohort identification with high fidelity

against the PCORnet common data model. Working within the

common data model to search for pre‐specified diagnostic codes, we
can essentially use the search strategies that would be otherwise

implemented in a variety of institutional electronic medical record

systems and local enterprise data warehouses. Foundational work

was done to develop and validate three complementary phenotypes

that can be consistently applied across institutions: 1) one that uses

high quality institutional tumor registry data; 2) one with demon-

strated high positive predictive value (i.e., the low‐touch phenotype)
that identifies patients with a high degree of certainty with minimal

need for chart confirmation of eligibility; and 3) a third high sensi-

tivity algorithm identifying further potential cases but at a lower

TAB L E 1 Estimated total population and number of patients with GEP or lung NETs diagnosed during 2019–2021.

Partner type Collaborating organization
Total NET
population

No. of
GEP‐NETs

No. of lung
NETs

GPC clinical research sites Allina Health 155 122 33

University of Iowa 228 158 70

University of Kansas Medical Center 398 283 115

Medical College of Wisconsin 275 210 65

University of Texas Southwestern Medical Center 363 230 133

University of Utah 238 155 83

One‐Florida clinical research site University of Florida 224 167 57

STAR clinical research sites Medical University of South Carolina 84 62 22

University of North Carolina at Chapel Hill 460 322 138

Vanderbilt University Medical Center 355 195 160

Mayo Clinic 1972 1590 382

PaTH Toward a Learning Health System

(PaTH) clinical research sites

University of Pittsburgh Medical Center 355 195 160

Ohio State University 649 437 212

University of Michigan 254 202 52

Patient advocacy organization NorCal CarciNET Community (https://norcalcarcinet.org/)

Patient advocacy organization The Neuroendocrine Cancer Awareness Network (NCAN)

(https://www.netcancerawareness.org/)

Patient advocacy organization The Neuroendocrine Tumor Research Foundation (NETRF)

(https://netrf.org/)

Patient advocacy organization The Healing NET Foundation (https://www.thehealingnet.

org/)

Abbreviations: GEP, gastroenteropancreatic; GPC, Greater Plains Collaborative; NETs, neuroendocrine tumors; NorCal CarciNET, Northern California

CarciNET; STAR, Stakeholder, Technology, and Research.
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TAB L E 2 Overview of concepts and measures collected in patient surveys.

Concept/measure Baseline survey Follow‐up surveys

Sociodemographic data (date of birth, sex and gender orientation, race, marital status,

ethnicity, state of residence, household income, highest level of educational attainment,

health literacy)

X

Height and weight X X

Health‐related quality of life (QLQ‐C30, QLQ‐GINET21)14–16 X X

Other impacts of cancer (worry, other life events) X X

Symptom inventory with frequency and severity (adapted for NETs from

ONWARD study)17
X X

History of chronic conditions (20‐item checklist)18 X

Preferences and attitudes (quality vs. quantity of life,19 preferred decision‐making role,20,21

family’s role in decision‐making)
X

Attitudes (fatalistic thinking, spirituality)22 X

Experiences of care (physician communication, coordination and responsiveness of care,23

actual decision‐making role adapted from Hawley et al.)20
X X

Self‐reported treatments, including over‐the‐counter X X

TAB L E 3 Patient, clinical, and tumor variables that will be collected from the PCORnet common data model or chart review.

Concept/variable Common data model table or chart abstraction

Demographics (date of birth, sex, Hispanic, race) Demographic table

Toxicity outcomes (acute renal failure, dialysis, liver failure) Diagnosis table

Vitals (height, weight, systolic and diastolic blood pressure, smoking) Vitals table

Treatments (SSAs, octreotide, lanreotide, pasireotide) Dispensing, prescribing, procedures, and medications administered tables

Bevacizumab, cytotoxic chemotherapy, everolimus, interferon α, external
beam radiation, TARE, TAE, TACE, PRRT‐Lutetium Lu‐177
DOTATATE, PRRT‐Yttrium‐90 DOTATOC, small molecule TKIs,
telotristat ethyl

Laboratory indicator and result/abnormal result indicator (ALT, albumin

and microalbumin albumin/creatinine and microalbumin/creatinine

ratio, ALP, AST, AST/ALT ratio, blood urea nitrogen, chromogranin A,

cystatin C, hemoglobin, Ki‐67, lymphocytes, pancreastatin, serum or

blood creatinine, somatostatin, total bilirubin)

Lab results

Comorbid conditions (chronic pulmonary disease, congestive heart failure,

coronary artery disease, diabetes with complications, diabetes without

complications, hypertension, end‐stage renal disease, mild liver
disease, severe liver disease, peripheral vascular disease, renal disease,

myocardial infarction)

Diagnosis table, conditions table (for conditions in the 2 years before GEP‐
NET/lung NET diagnosis)

Vital status (death date, cause of death) Death table; death cause table

Linkage (patient ID, token) Hash token table (Datavant link module)

Tumor characteristics (NAACCR required variable list [i.e., tumor grade,

stage, nodal status and other pathological characteristics])

Tumor table

Status of disease progression, mitotic count, CgA, and Ki‐67 index (where
available) and clinical variables found to be insufficiently populated in

the common data model.

Chart extraction

Abbreviations: ALP, alkaline phosphatase; ALT, alanine transaminase; AST, aspartate transaminase; CgA, chromogranin A; GEP, gastroenteropancreatic;

ID, identification; NAACCR, North American Association of Central Cancer Registries; NET, neuroendocrine tumor; SSAs, somatostatin analogues;

TACE, transarterial chemoembolization; TAE, transarterial embolization; TARE, transarterial radioembolization.
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level of e latter requires reviewing more charts to find eligible cases.

A third challenge is accounting analytically for potential confounders

that may affect both patient treatment choice and outcomes. The

detailed patient and clinical data will make it possible to control for a

large number of potential confounders in statistical methods. Last,

the NET‐PRO study will conduct chart abstraction as part of

assessing and determining a secondary outcome of PFS as well as

select other data elements incompletely populated in the PCORnet

common data model. There is currently no accepted framework for

developing chart abstracted real‐world progression end points. Large
observational studies require feasible measurement methods. NET‐
PRO will test a protocol for applying the PRISSM framework26 to

determine disease progression using data in electronic health re-

cords from 14 health systems with varying electronic health record

platforms. The PRISSMM framework standardizes collection of pa-

thology, radiology, imaging, signs and symptoms, tumor markers, and

medical oncologist assessments.

Research on rare cancers has some unique challenges including

limited existing knowledge, lack of standardized treatment ap-

proaches, the need for collaboration across institutions to gather a

sufficiently large number of participants, and limited longitudinal

programs for tracking long‐term progress toward understanding the

natural history and effectiveness of treatment approaches. Table 4

offers examples of how NET‐PRO addressed these challenges and

lessons that were learned.

In summary, PCORnet has many advantages for rare cancer

research. It offers efficiencies for conducting smaller, multi‐site effi-
cacy studies as well as large‐scale patient‐centered comparative

effectiveness trials and outcomes research.27 The NET‐PRO study is

the largest and most comprehensive observational study of neuro-

endocrine tumors that has ever been undertaken. This study is

demonstrating the feasibility of conducting large‐scale research that
is accessible to and for people with a rare cancer. With patients as

partners, the NET‐PRO study offers an important opportunity to

TAB L E 4 Rare cancer research challenges and lessons learned from the NET‐PRO Study.

Challenge for rare cancer
research Impact on rare cancer research NET‐PRO solution NET‐PRO lesson

Limited existing knowledge,

lack of standardized

treatment approaches

Uncertain design stage assumptions,

especially to guide sample size

determination

Quality of life and creatinine

clearance selected as co‐primary
end points with power estimated

for the smallest expected

treatment group; progression‐free
survival as secondary end point

due to insufficient existing

knowledge

Study would have benefited from an

adaptive learning stage using

interim data from the study to

assess uncertain design stage

assumptions, especially to

optimize sample size

Need for stakeholders to advise on

research questions and outcomes

Partnered with national patient

advocacy groups, developed a

patient and clinician advisory

committee

Time must be allowed for iterating on

stakeholder input to develop

study measures

Gathering a sufficiently large

number of participants

Need for collaboration across

institutions

Nested in a clinical research network

with interoperable data enabling a

computable eligibility phenotype

Common data model and computable

phenotype enables effective and

efficient low‐touch recruitment
approaches

Feasibility of multi‐institution
recruitment

Need for pragmatic methods, local

variability in policies

Primarily email invitations with link to

study patient portal developed

with user‐centered design coupled
with flexible approaches based on

patient/site preferences (i.e.,

direct‐to‐patient [in‐clinic, EMR
messaging], mailed letter/study

packet)

Pragmatic recruitment benefits from

expertise and support from local

and central PCORnet teams

Limited longitudinal studies or

registries

Need to plan for funding to sustain

cohorts

Launched prospective cohort study Study would have benefited from

longer data analysis and

dissemination phase to ensure

future funding

Whether meaningful

surrogate outcomes are

available

If available, surrogate end point can

allow for earlier assessment and

smaller sample size

Included progression‐free survival
(rather than overall survival) as a

study outcome

Clinician stakeholders determined it

was neither feasible nor clinically

relevant to apply gold standard

RECIST criteria; a novel substitute

for use with real‐world data will
be piloted

Abbreviation: NET‐PRO, Neuroendocrine Tumors‐Patient‐Reported Outcomes Study.
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answer the questions “how is each therapy expected to impact my

survival and quality of life,” “what therapy would be the best for me

to try next,” and “if I were to take this option now, what treatment

options will be available to me in the future?”
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