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Abstract

Disparities in care, treatment-related toxicity and health-related quality of life (HRQoL) for adolescents and young adults (AYAs, aged
15-39 years) with cancer are under-addressed partly because of limited collection of patient-reported outcomes (PROs) in cancer clini-
cal trials (CCTs). The AYA years include key developmental milestones distinct from younger and older patients, and cancer interrupts
attainment of critical life goals. Lack of consensus on a standardized approach to assess HRQoL and treatment-related toxicity in AYA
CCTs has limited the ability to improve patient outcomes. The National Cancer Institute’s Clinical Trials Network AYA PRO Task Force
was assembled to reach consensus on a core set of PROs and foster its integration into AYA CCTs. Eight key considerations for select-
ing the core PRO AYA battery components were identified: relevance to AYAs; importance of constructs across the age continuum; pri-
oritization of validated measures; availability of measures without licensing fees; availability in multiple languages; applicability to
different cancer types and treatments; ability to measure different HRQoL domains and toxicities; and minimized burden on patients
and sites. The Task Force used a modified Delphi approach to identify key components of the PRO battery. The Patient-Reported
Outcomes Measurement Information System (PROMIS) and the PRO Common Terminology Criteria for Adverse Events Measurement
System met all criteria and were selected to assess HRQoL and treatment toxicity, respectively. Investigators are rapidly incorporating
the recommendations of the Task Force into AYA trials. Inclusion of a standardized assessment of HRQoL and treatment toxicities in
AYA CCTs is a vital first step to develop interventions to improve health outcomes for AYAs diagnosed with cancer.

Every year approximately 90 000 adolescents and young adults
(AYAs, aged 15-39 years) are diagnosed with cancer in the United
States, and improvements in treatment have led to a 5-year over-
all survival of 85% (1). This large and growing population of survi-
vors of AYA cancer warrants an increasing focus on patients’
quality of life during and after treatment. The AYA age range

includes critically important developmental stages and mile-
stones that occur during late adolescence, emerging adulthood,
and young adulthood that are distinct from children and older
adults (2). Some of these milestones include achieving and main-
taining independence, establishing social and intimate relation-
ships, starting families, and embarking on career paths (3). A
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cancer diagnosis in adolescence or young adulthood often
presents unique challenges that hinder the achievement of
important life goals (4,5). In addition, AYAs experience different
types and degrees of treatment toxicity compared with younger
and older cancer patients and often have a higher symptom bur-
den during treatment compared with children (6).

Few studies have assessed the impact of a cancer diagnosis and
treatment on AYA symptom burden and psychosocial and func-
tional health outcomes. Documented barriers to the assessment of
AYA health-related quality of life (HRQoL) have included 1) limited
participation of AYAs on clinical trials; 2) few collaborative AYA
cancer trials codeveloped by pediatric and medical oncology; 3)
historical paucity of validated instruments spanning the AYA age
range; 4) burden of collecting patient-reported data; and 5) limited
investigator knowledge on how to best gather and analyze this
information (2,7–9). However, in recent years, many of these bar-
riers have been addressed. Several collaborative AYA trials are
now active or in development within the National Cancer Institute
(NCI) Clinical Trials Network (NCTN). Relevant and efficient
patient-reported outcome (PRO) measures have been developed,
such as the National Institutes of Health (NIH) Patient-Reported
Outcomes Measurement Information System (PROMIS), and elec-
tronic data capture is easing the burden of data collection and
transfer (10–12). Despite this progress, only 1 in 5 cancer clinical
trials focused on the AYA population includes an assessment of
patient-reported symptom burden and/or HRQoL (13).

Currently, pediatric and medical oncologists and researchers
lack consensus about which core domains of symptom burden
and HRQoL should be assessed across AYA age groups, cancer
types, and treatment approaches. The absence of a standardized
approach to assess HRQoL in cancer clinical trials prevents the
identification of AYAs at higher risk for poor HRQoL and hinders
the development of interventions to improve short- and long-
term health outcomes. Standardization and harmonization of
PROs in AYA cancer trials provide opportunities to 1) identify
sociodemographic and cancer-related factors associated with
high risk for physical and/or psychosocial symptom burden (age,
developmental life stage, sex, race and ethnicity, cancer type,
treatment approach, treatment phase); 2) assess the timing and
duration of distress (during treatment, early posttreatment, long-
term survivorship); and 3) identify opportunities for intervention
to mitigate patient distress and symptom burden and improve
quality of life.

Assembly and charge of the NCTN AYA PRO
Task Force
In 2020, the Children’s Oncology Group (COG) was awarded a
Childhood Cancer Data Initiative NCI Community Oncology

Research Program supplement grant to address the lack of inclu-
sion of PROs in AYA cancer clinical trials. The primary objective
was to bring together key stakeholders from across pediatric and
medical oncology disciplines on a new NCTN AYA PRO Task
Force (herein referred to as “the Task Force”) to come to consen-
sus on a core set of PROs and their measures and guidelines to
integrate into future NCTN and NCI Community Oncology
Research Program AYA trials (studies that span the AYA age
spectrum in cancer types relevant to the AYA population). The
development of an AYA PRO core battery provides a key tool to
assess HRQoL within and across AYA cancer clinical trials and
increases our understanding of the impact of cancer and treat-
ment on AYAs.

Three key stakeholder roles were identified and targeted for
inclusion on the Task Force: 1) AYA oncology clinical trialists; 2)
AYA symptom burden and HRQoL experts; and 3) PRO methodol-
ogists. A HRQoL framework proposed in AYA survivors of child-
hood cancer was used and expanded on to identify HRQoL
domains relevant and important to AYAs and identify corre-
sponding experts (14). These domains included physical function,
fatigue, social function, psychological function, spirituality, body
image, fertility, resilience, sexual function, financial toxicity, and
treatment toxicity. The NCTN includes 4 adult oncology network
groups (Alliance, Eastern Cooperative Oncology Group and
American College of Radiology Imaging Network (ECOG-ACRIN),
NRG Oncology, and the Southwest Oncology Group (SWOG) and 1
pediatric oncology network group (COG). To maximize the utility
and acceptance of the Task Force’s recommendations, it was
essential that all network groups were represented.

Seventeen investigators were invited to serve on the Task
Force and all accepted. Each NCTN group had a minimum of 2
representatives, and the key stakeholder roles were included as
follows: AYA oncology clinical trialists (n¼ 6), AYA symptom bur-
den and HRQoL experts (n¼ 13) and PRO methodologists (n¼ 6).
Of note, multiple Task Force members had expertise in more
than 1 stakeholder role. In addition, 1 Task Force member was
also an AYA cancer survivor and provided perspective from the
patient point of view. The Task Force was charged with 1) coming
to consensus on a core AYA PRO battery; 2) recommending key
time points for assessment; and 3) fostering the core battery’s
inclusion in NCTN AYA trials. Between November 2020 and
November 2021, the Task Force held 10 virtual meetings, which
were audio and video recorded. Their consensus recommenda-
tions are described below.

Achieving consensus on an AYA PRO battery
The Task Force first set out to identify key principles for selecting
the structure and components of the core PRO AYA battery. The

Box 1. Adolescent and young adult (AYA) patient-reported outcome core battery selection key considerations

1) Health-related quality of life (HRQoL) domains relevant to AYAs
2) Applicability of the HRQoL construct across the age continuum
3) Self-report HRQoL measures previously validated, ideally in AYAs across developmental stages
4) Availability of the HRQoL measure in public domain
5) Translations and linguistic validation of HRQoL measures in multiple languages
6) Adaptability of the HRQoL measures to different cancer types and treatment approaches
7) Flexibility of the HRQoL measures to assess specific HRQoL domains and toxicities relevant to the study
8) Administration of the HRQoL measures has minimal burden on patients and sites
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core battery refers to a set of recommended measures to assess
HRQoL in AYA cancer patients. Stakeholders reviewed published
recommendations on measure selection, and 8 key considera-
tions were selected and agreed on by all members and are shown
in Box 1 (11,15). The Task Force noted the battery needed to focus
on those areas of health and HRQoL most important to AYAs
diagnosed with cancer. Previously validated PRO measures that
could be used across the 3 main developmental stages of AYAs
(adolescents, emerging adults, and young adults) should be pri-
oritized. The included PRO measures needed to be available and
accessible to all AYAs and investigators, available at minimal or
no cost, and translated into multiple languages. Measures chosen
for the battery needed to be flexible and adaptable, to assess
HRQoL domains and toxicities relevant to different studies, dif-
ferent cancers, and different treatment approaches. AYA cancer
trials include a diverse group of cancer types and study designs,
and the battery, with few modifications, should be able to be
included in all relevant AYA trials. Finally, patient and investiga-
tor site burden must be minimized without compromising the
quality and breadth of the data collected.

After the Task Force reached consensus on the 8 guiding princi-
ples, a modified Delphi approach was used to identify and select
the components of the core AYA PRO battery, including the
domains to assess, specific HRQoL measures, and assessment
time points. Each meeting Task Force member presented ideas for
the battery structure, and revisions were made at subsequent
meetings based on stakeholder recommendations. Building from

the work of measurement scientists in AYA oncology, the Task
Force reviewed measures and measurement frameworks that 1)
were embraced by federal health research organizations (eg, NIH,
Food and Drug Administration); 2) were embraced by the research
community; 3) had strong validation in cancer populations; and 4)
met all criteria in the guiding principles. Measures that were avail-
able without royalties or other associated fees and had transla-
tions available were prioritized to ensure the broadest reach. Task
Force members were familiar with the available, relevant meas-
ures and measurement frameworks, and thus an additional sys-
tematic review of available PRO measures was not conducted (11).
Consensus was reached when no further concerns were identified,
and all Task Force members agreed on the structure and compo-
nents of the battery. Selection of the final battery was unanimous.

Recommended AYA PRO core battery
Early in the process, the Task Force identified the 2 main compo-
nents of the battery: 1) assessment of HRQoL domains and 2)
assessment of treatment tolerability and toxicity (Figure 1). The
following describes the final recommendations for the AYA PRO
Core Battery, including the rationale for the inventories selected
and the assessment time points suggested.

Assessment of HRQoL
HRQoL domains most relevant and important to the AYA cancer
population were prioritized for inclusion in the core battery (16).

PROMIS AYA 
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+
PRO-CTCAE/ 

Ped-PRO-CTCAE
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(Including fa�gue)
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+

4 study-specific symptoma�c AEs

Figure 1. AYA PRO core battery. The AYA PRO core battery includes assessment of HRQoL via the PROMIS Health Status Profile and treatment
tolerability and toxicity via the PRO-CTCAE and Ped-PRO-CTCAE and/or another study-specific symptom inventory. The core battery should be adapted
to meet the needs of each study question. *Administer annually, at minimum. †Can substitute other PROMIS short forms. AE ¼ adverse events; AYA ¼
adolescent and young adult; eval ¼ evaluation; HRQoL ¼ health-related quality of life; Ped-PRO-CTCAE ¼ Pediatric Patient-Reported Outcomes version
of the Common Terminology Criteria for Adverse Events; PRO ¼ patient-reported outcome; PRO-CTCAE ¼ Patient-Reported Outcomes version of the
Common Terminology Criteria for Adverse Events; PROMIS ¼ Patient-Reported Outcomes Measurement Information System; tx ¼ treatment.
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The Task Force reviewed prior studies that identified patient-
reported high-priority HRQoL domains. In an observational study
of developmentally diverse AYA patients and survivors, the most
important HRQOL domains identified by participants were physi-
cal function, pain, cognitive function, social support, and finan-
ces (17). In a recent study by Siembida et al. (18), AYAs ranked
HRQOL domains in order of importance. The authors noted the
importance of individual HRQOL domains varied based on AYA
treatment status (on vs off) and developmental stage. For exam-
ple, pain was more frequently identified as a priority domain for
AYAs undergoing treatment compared with those who had com-
pleted treatment, and depression was more commonly ranked as
a priority domain for young adults who completed treatment
compared with emerging adults and adolescents who completed
treatment. The Task Force reached consensus on the domains to
be included in the core battery, and they were captured in a
recent systematic review by Sodergren et al. (19) and include 1)
physical well-being, including pain and fatigue; 2) cognitive func-
tioning; 3) relationships and social functioning; and 4) emotional
well-being, including fear, worry, and depression. It was essential
that the core battery had the capacity to efficiently measure each
of these key domains.

The NIH’s PROMIS was developed to provide researchers with
access to publicly available PRO measures that have strong evi-
dence for their validity and reliability across a broad range of dis-
eases and conditions (20–22). PROMIS instruments assess a wide
range of HRQoL domains, including depression, anxiety, fatigue,
cognition, pain, and social and physical functioning, and have
been validated in multiple cancer populations (11,23–27).
Importantly, PROMIS instruments assess the majority of the
HRQoL domains identified as most important by AYAs diagnosed
with and treated for cancer and have both pediatric (aged 8-
17 years) and adult versions of the measures (11). Although the
relative importance of these domains differs for late adolescents,
emerging adults, and young adults, PROMIS has been validated
across the AYA age and developmental stage spectrum and a
diverse population of patients (2,28–31). Linking metrics between
pediatric and adult forms have been estimated for many of the
PROMIS HRQoL domains, including physical functioning, pain
interference, fatigue, depression, anxiety, and anger (32,33).
PROMIS content is copyrighted, and permission is required to use
the measures to ensure appropriate application, however, the
content is widely available and easily accessible without royal-
ties. The English versions of all PROMIS measures are free, and
distribution fees for translated versions of PROMIS measures are
waived in nonindustry-sponsored academic studies (34,35).
PROMIS measures should be accessed directly from the PROMIS
website (https://www.healthmeasures.net/search-view-meas
ures) as they are occasionally updated. All PROMIS instruments
have short-form versions that have been validated as standalone
measures, and many offer computer adaptive testing–based
assessment that tailors the PRO measure to each individual to
allow for more efficient measurement (36–38). Electronic delivery
of PROMIS tools has been used in prior cancer trials (39). PROMIS
met all 8 guiding principles for assessment of HRQoL in the core
AYA PRO battery.

The AYA PRO core battery assesses relevant HRQoL domains
via the newly designated PROMIS AYA Health Status Profile.
Figure 1 provides one example of this profile, which consists of
multiple standalone PROMIS short-form measures that are
selected based on the HRQoL domains important to AYAs and
that are likely to be impacted during and after cancer treatment.
The profile is flexible and adaptable, as investigators can swap in

or out specific lengths of short-form measures (for example,
using an 8-item PROMIS fatigue measure instead of the 4-item
version because fatigue is a secondary outcome in a study) to
meet their study objectives. For HRQoL domains that are being
used as primary or secondary PRO endpoints, the Task Force rec-
ommends using longer short forms of PROMIS measures to
enhance the reliability and content validity of the measure. To
minimize patient burden, the Task Force recommends the total
time for completion of all patient-reported measures not exceed
15-30 minutes in 1 assessment.

The trajectory of HRQoL in AYAs with cancer has not been
well reported and prior research suggests that many HRQoL
domains can remain impaired or worsen long after initial diagno-
sis (40–42). The Task Force recommends administration of the
PROMIS AYA Health Status Profile at study entry, intermittently
throughout treatment, at the end of treatment, and annually,
when possible, through at least the first 3-5 years of posttreat-
ment survivorship.

Assessment of treatment tolerability and toxicity
The NCI’s PRO version of the Common Terminology Criteria for
Adverse Events (PRO-CTCAE) was developed to standardize the
self-report assessment of treatment-related tolerability and
toxicity-associated symptom burden in patients with cancer
(43,44). The PRO-CTCAE’s item library was designed to mirror the
provider-reported CTCAE and includes items to assess 78 symp-
tomatic adverse events (AEs) in adults and 62 symptomatic AEs
in children and adolescents with cancer. The pediatric version of
the PRO-CTCAE (Ped-PRO-CTCAE) is available for use in patients
aged between 7 and 17 years, thus the PRO-CTCAE system can be
used across the full AYA age spectrum (45–47). A caregiver ver-
sion is also available for patients who are unable to self-report.
The PRO-CTCAE measurement system is freely available in the
public domain (https://healthcaredelivery.cancer.gov/pro-ctcae/)
and has been translated into multiple languages (48,49). The flex-
ible PRO-CTCAE measurement system allows investigators to
select only the subset of symptomatic AEs to assess for a study
based on anticipated toxicities, allowing for brief, efficient assess-
ment of toxicity-related symptom burden. Electronic symptom
monitoring utilizing the adult and/or the pediatric versions of the
PRO-CTCAE has been effectively used in clinical trials (50,51).

The AYA PRO core battery assesses toxicity-related symptom
burden via use of targeted items from the PRO-CTCAE and/or use
of a study-specific symptom inventory as shown in Figure 1. For
patients aged younger than 18 years, corresponding items from
the Ped-PRO-CTCAE are recommended in place of the adult ver-
sion of PRO-CTCAE. In addition to including approximately 4
study-specific symptomatic AEs, the Task Force recommends uti-
lizing 4-8 additional symptomatic AEs that are commonly experi-
enced by AYAs across disease groups and trials, such as nausea,
diarrhea, pain, and fatigue. This will allow for direct comparison
of symptom toxicities across the AYA cancer population. When
targeted toxicities are expected, study-specific treatment toxicity
measures are recommended alone or in combination with the
PRO-CTCAE, such as peripheral neuropathy. In addition to the
item libraries offered by the PRO-CTCAE and the Ped-PRO-
CTCAE, the European Organization for Research and Treatment
of Cancer and the Functional Assessment of Cancer Therapy
“family of instruments” offer validated symptom scales (52,53).
These scales are of varying length and have been used across
cancer types and treatments. The approach to symptom toxicity
assessment with the PRO-CTCAE is flexible and adaptable as
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investigators can substitute specific items based on anticipated
toxicities and those that are most burdensome to AYAs.

Whereas many toxicities, such as nausea and vomiting, are
self-limited during therapy, other toxicities, such as neuropathy,
fatigue, and problems with concentration, can persist long after
treatment has concluded. To date, however, few studies have
reported the duration and intensity of toxicities in AYAs (54,55).
The Task Force recommends assessing symptomatic AEs at study
baseline, throughout treatment especially when toxicity is antici-
pated, and routinely through posttreatment survivorship and to
strongly consider aligning assessment of PRO-CTCAE AEs with
clinician-reported AEs, as prior studies report limited concordance
between patient- and provider-reported toxicity burden (56,57).

Inventory delivery and data capture
The NCTN AYA PRO Task Force reviewed the current state of PRO
measure delivery within the NCTN and provided recommenda-
tions for delivery of the AYA PRO core battery. Currently, most
NCTN trials are utilizing paper-and-pencil administration of PRO
measures, which is inefficient and burdensome for sites and
patients, requires multiple steps for data transfer, and can lead to
human error in data entry and transfer (58). AYAs are a tech-
savvy population, comfortable with handheld devices, text mes-
saging, and email (59). Electronic delivery, capture, and transfer of
PRO data has been shown to minimize missing data and be effi-
cient, effective, and accessible and is preferred by many patients
and researchers. The Task Force agreed that although barriers
exist to the widespread adoption of electronic PRO (ePRO) assess-
ment within the NCTN, when possible, ePROs should be used for
AYA trials, with a backup option for paper-and-pencil surveys.
Investigators should also consider using computer adaptive tests
(available from PROMIS), which reduce patient burden without
sacrificing measurement precision. Network groups will need to
develop mechanisms to use and scale electronic capture in their
trials. The ECOG-ACRIN System for Easy Entry of PROs has been
developed to meet this need, and the ePRO capture and transfer
system has been used across multiple trials with high success.
Other groups, including NRG, have tested the use of VisionTree
Optimal Care (VisionTree, San Diego, CA, USA) in their trials,
which provides a similar approach to electronic data capture.

NCTN AYA trial inclusion and adaptation of
the core PRO battery
The Task Force developed a multipronged approach to dissemi-
nate the battery and foster its integration into AYA cross-
network trials. To date, members have presented the AYA PRO
battery in more than 20 meetings and fora, including both pedia-
tric and adult oncology NCTN group meetings, on COG
Responsible Investigator webinars, in a NCI blog post, and in
meetings with NCI Division of Cancer Prevention leadership and
patient advocates (60). Task Force members have also been
charged with additional targeted dissemination of the AYA PRO
battery within their respective network groups such as within the
Alliance, NRG, SWOG, AYA, and outcomes research committees
and working groups. In addition, the Task Force developed a fre-
quently asked questions (FAQs) document to address common
questions about the AYA PRO battery (see the Supplementary
Material, available online). The FAQs address topics including the
rationale for the battery, information on how it was developed,
and recommendations about how to integrate it into future AYA
trials. Additional input and guidance from AYA cancer patients

will be important to help identify key HRQoL study questions, as
well as help optimize PRO delivery and response rates. AYA study
committees and disease-specific committees include patient
advocates, and they will serve an important role in adapting rec-
ommendations from the Task Force for individual studies.

There are currently 5 planned NCTN cross-network AYA trials
that are utilizing the battery for key HRQoL and/or toxicity end-
points. These include osteosarcoma studies, as well as studies in
acute lymphoblastic leukemia, Hodgkin lymphoma, and non-
Hodgkin lymphoma. AOST2031 is a phase 3 trial (https://clinical
trials.gov/ct2/show/NCT05235165) comparing open vs thoraco-
scopic management of pulmonary metastasis in children, adoles-
cents, and adults with osteosarcoma and will be the first trial to
adapt and include the battery. The following is an example of
how the battery has been easily adapted to meet the needs of
that trial. As a first step, the AYA PRO core battery was adapted
to include 2 slightly longer PROMIS short forms, assessing pain
interference (8 items) and upper extremity functioning (8 items
for pediatric patients and 7 items for adult patients), given the
hypothesized effect of the randomized surgical approaches on
these domains. These were followed by other PROMIS 4-item
short forms, designed to characterize the participant’s HRQoL
over time. Certified translations in Spanish and French of each of
the short forms were obtained from HealthMeasures.net of the
PROMIS Health Organization as part of the written use agree-
ment. Next, the key symptom to be monitored serially was pain
intensity, using the PROMIS pain intensity single item, contained
in the core battery. Finally, study time points and assessment
windows were designed to reflect the intended treatment and
anticipated recovery over the 4- to 6-week study period.

Evaluation and optimization of the core
battery
Achieving consensus on a core PRO battery for AYA cancer trials
is the first step in assessing and improving HRQoL for AYAs diag-
nosed with cancer, however, there are limitations in our process,
and the utility of the battery needs to be systematically eval-
uated. The Task Force would have benefited from the inclusion
of more AYA patient advocates with differing cancer diagnoses
and treatments and diverse sociodemographic backgrounds. In
addition, increased racial and ethnic diversity of other stakehold-
ers on the Task Force would have added valuable perspectives to
address disparities faced by underserved AYA cancer patients
and survivors. A variety of metrics will be assessed to evaluate
the uptake and utility of the core battery and improve it. The
number and diversity of AYA trials including the battery is being
assessed, as well as how the battery is being adopted within each
trial. Given the inherent flexibility in the measures included in
the battery, it will be important to determine whether studies use
the recommended core set of measures or make additional
changes to meet individual study needs. If domains are consis-
tently included or excluded from trials, updates will be made to
the AYA Health Status Profile. Additional metrics relevant to the
use of electronic data capture will be assessed, including the
mode of survey delivery (email, text message, paper), response
rates, number of reminders, missing item responses, and patient
and site burden.

Future directions
The AYA PRO core battery provides investigators with a new tool
to efficiently assess the impact of a cancer diagnosis and
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treatment on AYAs’ HRQoL and symptom toxicities across cancer
subtypes and clinical trial designs. The battery directly addresses
the historical challenges that have limited the assessment of
AYA PROs by offering a rational, standardized measurement
approach that minimizes the burden of data collection for
patients and research sites. The rapid incorporation of the bat-
tery into multiple AYA cross-network trials highlights its flexibil-
ity and generalizability across disease groups and its
acceptability by AYA clinical trialists.

The NCTN AYA PRO Task Force continues to work with inves-
tigators across the NCTN to help adapt the battery to their spe-
cific study needs. We will study the implementation and
utilization of the core battery in AYA trials to refine and optimize
its use in future trials. In addition, the Task Force is developing
an online AYA PRO resource guide that will house the AYA PRO
core battery and FAQs, provide additional relevant AYA PRO
measurement tools, list NCTN AYA trials that utilize the battery,
share AYA PRO study tools and templates, and enumerate key
unanswered questions on AYA HRQoL and symptom burden. The
inclusion of a standardized assessment of HRQoL and symptom
toxicities is the first step toward the development of interven-
tions aimed at improving short- and long-term outcomes for
AYAs with cancer.
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