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Abstract

Randomized clinical trials are critical for evaluating the safety and efficacy of interventions in oncology and informing regulatory
decisions, practice guidelines, and health policy. Patient-reported outcomes (PROs) are increasingly used in randomized trials to
reflect the impact of receiving cancer therapies from the patient perspective and can inform evaluations of interventions by pro-
viding evidence that cannot be obtained or deduced from clinicians’ reports or from other biomedical measures. This commen-
tary focuses on how PROs add value to clinical trials by representing the patient voice. We employed 2 previously published de-
scriptive frameworks (addressing how PROs are used in clinical trials and how PROs have an impact, respectively) and selected 9
clinical trial publications that illustrate the value of PROs according to the framework categories. These include 3 trials where
PROs were a primary trial endpoint, 3 trials where PROs as secondary endpoints supported the primary endpoint, and 3 trials
where PROs as secondary endpoints contrast the primary endpoint findings in clinically important ways. The 9 examples illus-
trate that PROs add valuable data to the care and treatment context by informing future patients about how they may feel and
function on different treatments and by providing clinicians with evidence to support changes to clinical practice and shared de-
cision making. Beyond the patient and clinician, PROs can enable administrators to consider the cost-effectiveness of imple-
menting new interventions and contribute vital information to policy makers, health technology assessors, and regulators.
These examples provide a strong case for the wider implementation of PROs in cancer trials.

Randomized clinical trials (RCTs) are critical for evaluating the
safety and efficacy of interventions in oncology and thus for
informing regulatory decisions, clinical practice guidelines, and
health policy. Typically, RCTs evaluate a new intervention
against a standard of care for a specific patient population,
based on a hypothesis that the new intervention is either supe-
rior, equivalent, or not worse (noninferior) than the standard
arm by a prespecified clinically relevant margin on the primary
study outcome. Patient-reported outcomes (PROs) are com-
monly included in these RCTs to reflect the impact of receiving

cancer therapies from the patient perspective. PROs vary in
their content, including symptoms (eg, fatigue, appetite loss,
anxiety), psychological well-being, and functional status (eg,
physical functioning, sexual functioning, ability to work). PROs
are scored based on questionnaires referred to as PRO measures
(PROMs), completed directly by the patient, without modifica-
tion or interpretation by another observer (1,2). A PRO may be
the primary outcome, or more frequently, secondary outcomes
that, for example, assess physical function or tolerability.
Importantly, PROs have the potential to inform evaluations of
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oncological interventions by providing evidence that cannot be
obtained or deduced from clinicians’ reports or from other bio-
medical measures (eg, to assess pain, nausea, neuropathy) (3,4).

PROs are increasingly being included in cancer clinical trials
(2,5), complementing other clinical assessments including
clinician-reported outcomes, observer-reported outcomes, or
performance-based outcomes (2). Over several decades, the field
has benefited from the development of several established
PROMs with strong evidence of reliability and validity in a broad
range of cancer patient populations. Recent US Food and Drug
Administration guidance provides recommendations for the
collection and analysis of a core set of PROs for use in cancer
clinical trials, including measures of disease-related symptoms,
symptomatic adverse events, measures of physical function
and role function, and an overall measure of the impact of side
effects (2,6). Further, the guidance recognizes the need to use
specific measures in relevant clinical trials that are fit for pur-
pose for patient populations with specific symptoms and func-
tional domains of interest (for example, xerostomia and
swallowing function in patients with head and neck cancers). A
fit for purpose measure’s properties include the following: it
validly and reliably measures concepts important to patients
and clinicians and can be communicated in a way that is accu-
rate, interpretable, and not misleading (2). There now exist
many PROMs of health status, health-related quality of life
(HRQOL), and symptom burden that have been rigorously devel-
oped and tested to ensure that they address issues relevant to
clinicians and patients and that also meet standards for reliabil-
ity and validity (5,7), some of which are available in multiple
languages and cultural adaptations. PROs addressing adverse
events [such as the Patient-Reported Outcomes version of the
Common Terminology Criteria for Adverse Events (PRO-CTCAE)
system (8)] are now available. Beyond measures of symptoms
and HRQOL, health utility measures, such as the EQ-5D (9), may
also be of value for cost-effectiveness analyses and health tech-
nology assessments.

But do these PROs add value to the interpretation of RCTs by
providing information that can inform clinical and regulatory
decision making? This commentary addresses this question
with illustrative examples of how PROs have added value be-
yond that provided by conventional clinical outcome measures
such as survival, disease response, and clinician-reported toxic-
ity rates. We undertook this commentary as a key strategic ini-
tiative of the Patient-Reported Outcomes Tools: Engaging Users
& Stakeholders (PROTEUS) Trials Consortium—a collaboration
of 27 international stakeholder organizations that aims to opti-
mize the use of PROs in research studies (10). This summary
was designed to demonstrate ways in which PROs were key
components (as either primary or secondary outcomes) of well-
conducted cancer clinical trials.

Methods

We purposively selected published peer-reviewed articles from
high-impact journals that could, collectively, provide a spec-
trum of added-value exemplars of PROs in oncology RCTs. To
conduct the review, we assembled a working group (represented
in the author list) from the PROTEUS stakeholder organizations.
Based on their combined breadth of expertise across medical
and scientific disciplines, working group members recom-
mended a preliminary set of published RCT papers and sought
additional recommendations from the broader group of
PROTEUS members. The selection and description of illustrative

RCTs were guided by 2 conceptual frameworks. First, the classi-
fication framework proposed by Au et al. (3) was used to de-
scribe the spectrum of ways in which PROs add value to RCTs,
focusing on 3 main categories (primary endpoint, secondary
endpoint supporting the primary, and secondary endpoint con-
trasting the primary). Second, a framework for evaluating the
impact of PROs in clinical trials proposed by Cruz-Rivera et al.
(11) was used to describe key impact dimensions (informing
clinical decision making, clinical guidelines, drug labeling
claims, cost-effectiveness, or health policy, among others).
Illustrative RCTs were selected to represent 3 oncology contexts
(curative, adjuvant, or palliative settings) and multiple disci-
plines (surgery, radiotherapy, systemic therapy, and palliative
care). Given our intent to illustrate trials with impact in a variety
of dimensions, we focused on phase III studies.

Illustrative Clinical Trials

In keeping with the Au et al. classification (3), we selected 3
RCTs in which PROs were a primary endpoint, 3 RCTs where the
PROs supported the primary endpoint (ie, 1 trial arm was supe-
rior on both the primary endpoint and secondary PRO end-
points), and 3 RCTs in which the PROs were valuable in
contrasting the benefits of the primary endpoint. Tables 1-3
summarize the settings and the study characteristics of the in-
cluded RCTs. With regard to the quality of reporting the trial-
specific PROs, 5 publications met all of the Consolidated
Standards of Reporting Trials (CONSORT) PRO extensions and
elaborations (12); 2 of the 9 trials did not report the mode of PRO
administration, 2 did not report baseline PRO scores, and 2 did
not report statistical methods for dealing with missing PRO
data. Tables 1-3 also briefly summarize the primary outcome
and PRO findings, describe the added value of the PROs, and
provide examples of trial impact using the citation count (using
Google Scholar since year of publication) and the domains of
the Cruz-Rivera framework (11).

PROs as the Primary Study Endpoint

Three trials illustrate the use of PROs as primary RCT outcomes
and were selected because of their impact on both clinical prac-
tice and policy. Given that PROs were the primary outcome in
each study, the findings added directly to the respective evi-
dence bases for each clinical context, as summarized in Table 1.

In the Axillary Lymphatic Mapping Against Nodal Axillary
Clearance trial (13), PROs were used to evaluate 2 different sur-
gical approaches to the management of the regional nodes in
women with early stage breast cancer, with a primary outcome
of patient-reported shoulder morbidity (joint function and
lymphedema). The finding that patients randomly assigned to
sentinel node staging reported statistically and clinically signifi-
cantly less shoulder and arm dysfunction with sentinel node
staging informed practice guidelines [eg, the National
Comprehensive Cancer Network guidelines (14)], influenced
patterns of care (uptake in practice) (15), and informed related
cost-effectiveness evaluations (16,17) and health technology
assessments (18).

In the Radiation Therapy Oncology Group 9714 trial (19), 2 ra-
diation fractionation strategies were evaluated in patients with
breast or prostate cancer and bone metastases, with a primary
outcome of patient-reported pain relief 3 months following
treatment. This trial showed that 15% and 50% of patients in the
shorter fractionation arm reported complete and partial pain
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response, respectively, compared with 18% and 48% in the lon-
ger fractionation arm. As such, PROs confirmed equivalent rates
of symptom relief. As secondary outcomes, PROs further illus-
trated successful reductions in narcotic use and fewer adverse
events with a single fraction of treatment. These trial findings
influenced clinical recommendations for shorter treatment
schedules (20), American College of Radiology practice guide-
lines (21), Choosing Wisely recommendations (22), and cost-
effectiveness assessments (23).

In a novel trial evaluating early integration of palliative care
vs standard of care in a population of advanced non-small cell
lung cancer patients, Temel et al. (24) reported that the primary
outcome of overall quality-of-life assessments favored early
palliative integration: the mean score on the Functional
Assessment of Cancer Therapy–Lung (FACT-L) scale (higher
scores indicating better quality of life) was 98.0 vs 91.5. The sec-
ondary PRO of depression also showed that fewer patients in
the palliative care group had depressive symptoms (16% vs
38%). Although not a primary outcome, median survival also fa-
vored early palliative care (11.6 vs 8.9 months). These findings
impacted on American Society of Clinical Oncology (25) and
European Society of Medical Oncology (26) practice guidelines
and on cost-effectiveness (27).

Further, in each of these 3 trials, PROs not only were used as
the primary outcome but also served as secondary outcomes
that in some instances demonstrated additional treatment ben-
efits (eg, mental health benefits of early introduction of pallia-
tive care) and sometimes reflected tolerability (eg, potential
anxiety in breast cancer patients receiving conservative surgical
management). These examples illustrate how a multidimen-
sional PROM(s) can test several trial-specific hypotheses. That
said, clear hypothesis testing of a primary PROM and statistical
correction for multiple testing are critical in avoiding type I
errors when analyzing data sets with multiple PRO domains. In
sum, each of these studies has been cited frequently and in-
cluded in reviews of clinical decision making, in formally devel-
oped clinical practice guidelines and in support of health
policies based on cost-effectiveness analyses.

PROs Support the Primary Endpoint

Three trials illustrate how PROs added value across the spec-
trum of systemic, surgical, and radiotherapy interventions
(Table 2).

The Controlled Myelofibrosis Study with Oral Janus-acti-
vated kinase (JAK) Inhibitor Treatment (COMFORT-II) trial
(28,29) compared ruxolitinib with the best available therapy in
patients with myelofibrosis (primary and variants). Ruxolitinib
is a small-molecule inhibitor of the Janus kinases (JAK1 and
JAK2) and was, at the time, a novel targeted agent. Patients with
splenomegaly and symptoms of myelofibrosis were randomly
assigned to ruxolitinib or best available therapy (a contempora-
neous randomized trial [COMFORT-1] used a placebo control).
The primary endpoint of reduction in spleen size was statically
significant between arms in both trials, but the PROs were criti-
cal in illustrating that ruxolitinib also improved patients’ symp-
toms. Accordingly, the PRO data informed clinical decision
making, clinical practice guidelines, and economic analyses
(Table 1). Further, because ruxolitinib treatment did not confer a
survival advantage, the evidence of symptom control was criti-
cal to the US Food and Drug Administration and National
Institute for Health and Care Excellence approvals of ruxolitinib

for this indication (30). The trial is often cited as a paradigm for
PROs influencing drug labeling claims (31).

Four RCTs in the setting of early stage breast cancer have
reported long-term outcomes of shorter (moderately hypofrac-
tionated) radiation treatment schedules compared with the
then standard of care of 5-week (25 fraction) schedules (32).
These trials tested the hypotheses that shorter schedules were
equally effective and resulted in comparable breast cosmetic
outcomes. Two such trials, the standardization of breast radio-
therapy trials (START) A and B included PROs in the assessment
of these shorter schedules (33,34). Collectively, the randomized
trials showed the shorter fractionation schedules to be equally
efficacious to longer regimens for local and distant disease con-
trol but superior in terms of skin cosmesis and no worse for
other breast symptoms. Although clinician-rated cosmetic out-
comes were also statistically significantly superior with shorter
fractionation schedules, patient self-ratings of breast symptoms
provided independent confirmation of superior cosmesis, with
no associated negative impact on body self-image. PROs also
demonstrated statistically significant rates of arm and shoulder
symptoms associated with axillary surgery that persisted over
time and that were independent of radiotherapy dose schedul-
ing, further demonstrating the value of PROs in these trials.
These outcomes were critical in establishing shorter fraction-
ation schedules as a cost-effective standard of care (32,35) and
have become particularly relevant to best practice during the
COVID pandemic (36).

The Prostate Testing for Cancer and Treatment (ProtecT)
trial randomly assigned 1643 men with low-risk prostate cancer
to initial active surveillance, radical prostatectomy, or radio-
therapy and demonstrated no difference in cancer-specific out-
comes between the active intervention arms (37). The PRO
profiles of the 3 treatment strategies differed considerably (38):
prostatectomy had the greatest negative effect on sexual func-
tion and urinary continence with sustained worse scores over
time compared with other treatments, whereas bowel function
and urinary frequency were worse with radiotherapy at 6
months (both domains showing some recovery at later time
periods). No statistically significant differences were observed
among treatments for anxiety, depression, or HRQOL scores.
The trial was pivotal as a large, randomized study addressing
treatment efficacy (in contrast to previous reported non-
randomized comparative effectiveness studies). The differential
impact on patient-reported sexual, urinary, and bowel domains
was critical for informing patients about potential side effects.
A joint clinical practice guideline from urological and radiother-
apy associations stated: “Counseling of patients to select a man-
agement strategy for localized prostate cancer should
incorporate shared decision making and explicitly consider can-
cer severity, patient values, preferences . . . and expected post-
treatment functional status” (39). Although the ProtecT trial
reported 6- and 10-year outcomes and was thus based on older
surgical and radiotherapy technologies, more recent prospec-
tive cohort studies of robotic surgery and intensity-modulated
radiotherapy confirmed the observed PRO differences between
strategies (40). PROs also informed cost-effective analyses by
clarifying differences in the proportions of men with substantial
functional impact at 6 years posttreatment (41).

PROs Contrast the Primary Endpoint

Three trials illustrate cases in which the PROs contrasted with
the primary study outcome (Table 3).
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The Gynecologic Cancer Intergroup International
Collaboration on Ovarian Neoplasms 7 (ICON7) trial randomly
assigned 1528 women with high-risk ovarian cancer to standard
first-line chemotherapy (carboplatin and paclitaxel for 6 cycles)
vs the same chemotherapy plus bevacizumab (continued as a sin-
gle drug for up to 18 cycles) (42). The addition of bevacizumab
marginally improved the trial primary endpoint of progression-
free survival (PFS), however, no difference in overall survival was
seen for the entire intent-to-treat population. Participants com-
pleted PRO assessments at week 54, testing the key secondary
PRO endpoint hypothesis that the treatment arms would have
differential impact on patients’ global quality of life (43). The
mean global quality-of-life score at 54 weeks was clinically and
statistically significantly better in the standard chemotherapy
group than in the bevacizumab group, indicating that bevacizu-
mab continuation treatment was associated with a clinically rele-
vant negative impact on global quality of life compared with
standard treatment. The authors recommended that the trade-off
between prolongation of PFS and the quality of time on treatment
be considered in clinical practice when making treatment deci-
sions (43). As such, the ICON7 trial represents a common para-
digm wherein PRO key secondary endpoints reflect tolerability of
a new intervention compared with standard of care. Clinical deci-
sion making must then weigh PRO and safety findings against
improvements in cancer control. Formal considerations of these
trade-offs are reflected in the many cost-benefit analyses in the
literature informed by the ICON7 PRO findings (44). These analy-
ses estimated incremental cost-effectiveness ratios that exceeded
accepted thresholds, even when the analysis was limited to use
of a low-dose regimen in a predefined high-risk subgroup of par-
ticipants (45). Given the small gains in PFS, which were not sus-
tained with longer follow-up, and the small differences between
arms in safety and PRO findings, the use of bevacizumab for this
indication has mixed support, being recommended by National
Comprehensive Cancer Network guidelines (46) but not by
National Institute for Health and Care Excellence guidelines (47).

The COMPARZ (Pazopanib Versus Sunitinib in the Treatment
of Locally Advanced and/or Metastatic Renal Cell Carcinoma)
trial randomly assigned 1110 patients with clear-cell, metastatic
renal-cell carcinoma to either pazopanib or sunitinib, powered
as a noninferiority study on the primary endpoint of PFS (48).
Previous trials had shown each drug to be superior to either pla-
cebo or interferon for this indication. The COMPARZ study
showed pazopanib to be noninferior to sunitinib for PFS (hazard
ratio of 1.05 with confidence limits meeting the predefined non-
inferiority margin), and overall survival was also not statisti-
cally significantly different between agents. However, patients
allocated to pazopanib had less clinician-rated grade 1-4 fatigue
(55% vs 63%) and mouth-hand-foot syndrome (29% vs 50%) and
lower rates of thrombocytopenia but higher rates of alanine
aminotransferase elevation. The PRO data further elucidated
differences in tolerability between the 2 agents: mean change
from baseline for 11 of 14 PROs statistically significantly favored
pazopanib (including fatigue and soreness in the mouth, hands,
or feet), and between arm differences increased (or were sus-
tained) with further treatment cycles. Moreover, functional
domains revealed medium effect-size differences in patients’
limitations because of symptoms and in their satisfaction with
treatment. The COMPARZ study thus had considerable impact:
the PRO data provided a more nuanced picture of treatment
effects on fatigue and mouth-hand-foot symptoms than did the
summative toxicity data and shed light on the differential func-
tional impacts of these treatment effects on trial participants.
The findings informed clinical practice guidelines (49,50),

clinical reviews (51), and cost-effectiveness analyses (52). The
study is also seen as an exemplar of an RCT addressing tolera-
bility and safety using robust clinical and patient-reported data
(53).

Finally, the SR.1 study was a randomized comparison of pre-
operative vs postoperative radiotherapy for resectable soft-
tissue sarcomas of the limb (54). Although both strategies were
used in practice, preoperative treatment had the advantage of
employing lower dose and smaller treatment fields (thus with
potentially less functional impact) but with a higher risk of
wound healing complications. SR.1 randomly allocated 190
patients to preoperative or postoperative radiotherapy with a
primary endpoint of wound complication rate and showed that
wound complications were recorded in 35% of preoperative vs
17% of postoperative cases, respectively (superiority of postop-
erative treatment for the primary trial endpoint). However, as-
sessment of patients 2 years after random assignment showed
that patient-reported limb functioning was statistically signifi-
cantly superior with the preoperative approach. In sum, the
management strategy favored by the primary trial endpoint
was ultimately less preferred owing to the secondary endpoint
findings, including PROs. Although the selection of treatment
strategy considers multiple factors (such as tumor size and loca-
tion) (55), the PRO findings have been used to support a preoper-
ative approach in the majority of cases, as reflected in a number
of clinical practice guidelines (56,57), clinical reviews of
evidence-based clinical decision making (55,58), and changes in
patterns of clinical practice in favor of preoperative treatment
(58).

Discussion

The clinical trials selected for this commentary demonstrate
the value of trial-specific data provided directly by patients.
Collectively, these trials used PROs to test a spectrum of primary
and secondary hypotheses that augmented the evaluation of
the study interventions in ways that could not have been
achieved with clinician-reported data alone.

For the 3 trials that used PROs as primary study endpoints, it
is evident that the PROs were critical to the study design and in-
terpretation. Nonetheless, the validity of these primary out-
comes required that the PRO elements of the studies were
designed, conducted, analyzed, and interpreted with scientific
rigor. As described earlier, these 3 publications met all of the
CONSORT-PRO extension reporting recommendations thereby
promoting sufficient transparency for the quality of the PRO
aspects of the trials to be adjudicated—a necessary condition
for the trial findings to be judged as valid and thus to have po-
tential impact.

PROs also added value as key secondary outcomes in each of
the 6 illustrative RCTs, both in terms of supporting the primary
outcome and/or providing contrasting information that was
clinically informative. As secondary measures, PROs illustrated
both additional benefits and risks beyond the primary trial out-
come and toxicity data. PROs also served in providing valuable
evidence on which to base clinical decision making when no
statistically significant difference in primary outcome was ob-
served (eg, ProtecT) or when the trial was explicitly designed as
a noninferiority study (eg, COMPARZ). PROs further informed
important additional domains such as satisfaction with treat-
ment and utility estimates that had impact on additional evalu-
ation of the study interventions.
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In the absence of systematic reviews, and given the evidence
of underreporting of PROs, it is unclear how frequently PRO data
provide clinically meaningful added value to other trial out-
comes. However, these illustrative trials demonstrate that PROs
can provide value when they are thoughtfully and systemati-
cally incorporated in clinical trials. The value of PROs as either
primary or key secondary outcomes is conditional on the scien-
tific rigor of the PRO components of the clinical trial, including
that PRO hypotheses be explicitly stated and tested with appro-
priate statistical analyses using high-quality data. However, in a
systematic review of clinical trials with PRO endpoints from the
UK National Institute for Health Research Portfolio, Kyte et al.
(59) found that protocols, on average, included only 10 of 33 rec-
ommended items and that 38% of completed trials (including 49
568 participants) failed to report their PRO findings. In a review
of US National Cancer Institute trials with funding supporting
PROs, St. Germain et al. (60) found that 62% of trials with pub-
lished findings also published the trial PRO findings. These
reviews suggest that there is considerable room for improve-
ment in achieving high-quality PROs in cancer clinical trials.

The PROTEUS Consortium promotes existing methodologic
tools for guiding high-quality design, analysis, and reporting of
clinical trials. These include the Standard Protocol Items:
Recommendations for Interventional Trials–PRO extension (61)
that provides items guiding the PRO components of clinical trial
protocols, the Setting International Standards for Analysis
of quality of life recommendations (62) for statistical analyses of
PRO data, and the CONSORT-PRO extension (63) that provides
items guiding the reporting of trial PROs. Greater adherence of
trial protocols and publications to these and other recommen-
dations will continue to improve the scientific rigor of trial PRO
endpoints. We did not systematically review the protocols for
the illustrative trials but found that they were generally well
reported with respect to the CONSORT-PRO recommendations
as described earlier.

We purposefully selected mature trials to demonstrate their
impact over time and, consequently, were typically designed
with established PRO instruments. More recently, 2 additional
measurement systems have emerged that allow more flexibility
in assessing PROs. The US National Institutes of Health’s
Patient-Reported Outcomes Measurement Information System
includes measures of a broad range of HRQOL domains for use
in clinical trials (64). The PRO-CTCAE enables the assessment of
a broad range of symptomatic adverse events associated with
cancer treatments (8). Along with the European Organization for
Research and Treatment of Cancer and the Functional
Assessment of Chronic Illness Therapy item libraries, Patient-
Reported Outcomes Measurement Information System and
PRO-CTCAE can be used to capture key PROs and treatment-
related tolerability, respectively, allowing investigators to tailor
the measures for their target study population. Many of these
measures are also available in pediatric versions that allow chil-
dren with cancer as young as 8 years to self-report their symp-
toms and functioning (65,66). Availability of these
comprehensive assessment tools will facilitate broader capture
of patients’ voices in oncology trials. For both established and
newer PROMs, the science of PROs in cancer trials is now well
established. Guidance for the design (7,67,68), analysis (62),
reporting (12,69), and clinical interpretation (70) of PROs in RCTs
is available to ensure the scientific rigor of PROs in RCTs and
other comparative effectiveness research applications (10).

We conclude that collecting data directly from patients, as
opposed to relying solely on the observations of clinicians and
others, is often critical in the evaluation of clinical trial

interventions. Without the data provided by clearly defined and
rigorously assessed PRO endpoints, the trial findings may not be
complete, as would have been the case had our 9 RCT examples
not included PROs. New systems and libraries of PROMs now
enable the gathering of PRO data in a more targeted manner ap-
propriate to the condition, disease, or treatment being tested.
These examples further illustrate that PROs add valuable data
to the care and treatment context, providing future patients
with vital information on how they may feel and function on
different treatments, providing clinicians with evidence to sup-
port changes to clinical practice and shared decision making,
and enabling managers to consider the cost-effectiveness of
implementing new interventions. These examples provide a
strong case for wider implementation of PROs in cancer clinical
research using thoughtful approaches and clear hypotheses,
rigorous methods, and transparent reporting, as supported by
the PROTEUS methodological resources, including the Standard
Protocol Items: Recommendations for Interventional Trials–
PRO, Setting International Standards for Analysis of Quality of
Life, and CONSORT-PRO. It is acknowledged that results such as
those in our chosen examples may be infrequent, but they will
occur more often as PROs are increasingly used as primary end-
points and may sometimes occur unexpectedly when key sec-
ondary endpoints become crucial to the study interpretation.
Further, patients are also calling for the wider use of PROs in
cancer research (71,72), and the growth of patient involvement
and engagement in clinical research and regulatory practice will
increase the pressure for PROs to be used in the appraisal of all
new cancer treatments and innovations.
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