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Abstract

Purpose—There is increasing interest to use patient-reported outcome (PRO) measures to
evaluate symptomatic adverse events (AEs) in cancer treatment trials. However, there are currently
no standard recommended approaches for integrating patient-reported AE measures into trials.

Methods—Approaches are identified from prior trials for selecting AEs for solicited patient-
reporting; administering patient-reported AE measures; and analyzing and reporting results.

Findings—Approaches for integrating patient-reported AE measures into cancer trials generally
combine current standard methods for clinician-reported AEs as well as established best practices
for employing PRO measures. Specific AEs can be selected for a PRO questionnaire based on
common and expected reactions in a given trial context, derived from literature review and
qualitative/mixed methods evaluations and should be the same set administered across all arms of
a trial. A mechanism for collecting unsolicited patient-reported AEs will also ideally be included.
Patients will preferably report at baseline and end of active treatment as well as on a frequent
standardized schedule during active treatment, such as weekly from home, with a recall period
corresponding to the frequency of reporting (e.g., past 7 days). Less frequent reporting may be
considered after an initial intensive monitoring period for trials of prolonged treatments and during
long-term follow up. Electronic PRO data collection is preferred. Backup data collection for
missed PRO reports is advisable to boost response rates. Analysis can employ a combination of
approaches to AE and PRO data. If a high proportion of patients is experiencing baseline
symptoms, systematic subtraction of these from on-study AEs should be considered to improve
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reporting of symptoms related to treatment. More granular longitudinal analyses of individual
symptoms can also be useful.

Implications—Methods are evolving for integrating patient-reported symptomatic AEs into
cancer trials. These methods are expected to further evolve as more data from trials become
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available.

Introduction

Patient-reported outcomes (PROs) are considered the gold standard for assessing symptoms
in clinical research®. Although historically, PRO measures have been used largely to
measure symptoms related to a disease process (e.g., pain related to bone metastases) or as
outcomes in symptom management trials, there is increasing interest to use PRO measures to
assess symptomatic adverse events (AEs) in cancer treatment trials (e.g., nausea related to
platinum agents).2 Cancer therapies are often associated with significant symptomatic AEs,
and rigorous collection of information about these AEs is an essential component of
understanding treatment characteristics and impact on patients.3

The current standard approach to AE reporting in cancer treatment trials is based on
clinician reporting using the Common Terminology Criteria for Adverse Events (CTCAE),
which is maintained by the U.S. National Cancer Institute (NCI)*. For each AE within
CTCAE, clinical grades can range from 0 to 5 representing severity levels of none, mild,
moderate, severe, life-threatening, or death, though the maximum possible grade and
specific grade level description/criteria can vary depending on the AE. Multiple studies have
demonstrated that this approach misses up to half of AEs compared to patient self-report,
and that PRO measures improve the detection and precision of AE measurement®6.7, The
U.S. Food and Drug Administration (FDA) has suggested the use of PRO measures for
adverse event measurement in oncology drug development?.

There are a number of potential uses of patient-reported AE measures in cancer clinical
trials. Uses include: 1) In early-phase trials to generate initial information about AEs, and to
support selection of tolerable dose levels and schedules; 2) in pivotal trials to measure
baseline symptoms and to characterize symptomatic adverse event profiles; 3) in
comparative trials to provide data for comparing tolerability between treatments; and 4) in
post-marketing studies for long-term and broad population safety surveillance.

There is currently no standard recommended approach for integrating patient-reported
symptomatic AEs into cancer treatment trials. The purpose of this paper is to describe
approaches that have been used in prior trials. In general, the approaches described in this
paper combine standard methodologies for employing the CTCAE as well as established
best practices for employing PRO measures in cancer clinical trials. This area is rapidly
evolving and as more data become available, increasingly evidence-based recommendations
are expected to become available.
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Selection of adverse events (outcomes) for measurement

Ideally, a set of symptomatic adverse events should be identified and specified a prioriin a
trial protocol for systematic assessment. The same set of symptomatic adverse events should
be assessed in all arms of the trial to allow for between-arm comparisons. This set may be
derived from three potential sources.

First, a “core” set of common symptomatic adverse events may be included regardless of the
planned treatment(s). In oncology such a core set has been previously identified through an
NCI-supported consensus process, and includes anorexia, anxiety, cognitive disturbance,
constipation, depression, diarrhea, dyspnea, fatigue, insomnia, nausea, neuropathy, and
pain®. This list is not specific to cancer type or therapy type and may include some disease-
related rather than treatment-related symptoms. Therefore, a subset or variation may be
considered, depending on the trial and available evidence about the population and treatment
characteristics. Notably, if a broader health-related quality of life questionnaire is also being
administered in a given trial that includes some of the “core” symptoms such as anxiety or
depression, these may be collected with that tool and not with the patient-reported AE
questionnaire to avoid redundancy. A goal of thoughtful AE selection for a PRO
questionnaire is to determine a parsimonious set of the most salient symptomatic adverse
events, maximizing relevance and minimizing burden and duplication. Beyond using a
structured PRO questionnaire for collecting solicited AEs, a mechanism for allowing free
text unsolicited AE reporting by patients should be considered. Second, established data
about expected adverse effects of particular treatments or classes of treatments can be
considered (e.g., myalgias with aromatase inhibitors or neuropathy with platinum agents).
Third, qualitative or mixed methods work during early-phase research to identify potential
symptomatic AEs for subsequent assessment can be highly informative, for example, in a
nonrandomized expansion cohort.

Selection of measures

In general, for adverse event assessment, a limited number of questions is necessary for each
symptom of interest, as AE reporting is intended to screen rather than provide in-depth
assessment. A variety of tools have been developed to assess patient-reported symptoms in
cancer trials that offer a wide variety of symptoms that may occur as treatment-related
adverse events®,

Measures which include items that mirror selected CTCAE items10:11.12.13 have been used
to compare patient and physician grading or assess the usefulness of PRO measures in
clinical settings. A number of measures that have been used to measure adverse events in
cancer clinical trials were developed to assess disease-related symptoms rather than adverse
events explicitly, or to evaluate broader domains of quality of life?. Recently, the NCI
developed the Patient-Reported Outcomes version of the Common Terminology Criteria for
Adverse Events (PRO-CTCAE) with the explicit purpose to evaluate symptomatic adverse
events1415.16_ The PRO-CTCAE is a library of 124 questions that measure 78 specific
symptomatic adverse events that are common in oncology. The PRO-CTCAE was designed
and evaluated to enable investigators to pick and choose questions corresponding to
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whichever specific AEs are pertinent to a given trial, for example based on the approach
listed above. For each AE within PRO-CTCAE, items measure up to three attributes
depending on the AE, with possible attributes of frequency (with response options of
“never”, “rarely”, “occasionally”, “frequently”, or “almost constantly”), severity (“none”,
“mild”, “moderate”, “severe”, or “very severe”), interference with usual or daily activities
(“not at all”, “a little bit”, “somewhat”, “quite a bit”, or “very much”), amount (“not at all”,
“a little bit”, “somewhat”, “quite a bit”, or “very much™), or presence (“no” or “yes”)14,

Study design and data collection

Frequency of patient-reporting

Patient-reported AEs can be collected systematically via a pre-populated questionnaire at
baseline, regularly during active treatment, and at end of treatment, with consideration
during post-treatment (long-term) follow-up. Ideally, patients will self-report weekly during
active treatment to ensure comprehensive capture of AE data. If weekly reporting is not
feasible, then reporting at least once per cycle is desirable, with collection of data at a time
point when AEs are not expected to be resolved. In a trial of prolonged treatment where AEs
are expected to stabilize after an initial period, an approach can be considered with more
frequent reporting initially with greater spacing later on (e.g., weekly reporting for 6 months,
followed by monthly or quarterly reporting subsequently during active treatment). Similarly,
for post-treatment follow-up, if continued patient-based AE assessments are of interest to
characterize late toxicities, evaluations may be spaced out (e.g., every 3—6 months for up to
3 years). Expected timing of worst side effects relative to dosing may also inform the
frequency of scheduled patient-reporting (i.e., the schedule of assessments may differ for
agents with continuous oral dosing versus intravenous chemotherapy administered on a
limited number of days each cycle). A baseline patient-reported AE assessment is essential
to enable understanding of those symptoms that are treatment emergent versus pre-existing,
as discussed below.

Recall period

Another consideration related to timing of administration is the recall period of the PRO
measure. Many measures include a 1-week recall, although the PRO-CTCAE, for example,
includes flexibility to extend this to 2-week, 3-week, or 4-week recall. Evidence suggests
that patients are able to adequately recall a variety of symptoms in the prior week with
results similar to daily reportingl7-18. With longer recall periods there is some information
loss likely related to memory degradation, although correlations with daily reports remain
relatively high with up to 4-week recall’. Given the potential differences in the amount of
memory degradation across recall periods, recall period should be standardized across arms
in multi-arm comparative trials.

When selecting a recall period in a given trial, the balance between comprehensive coverage
of elapsed time must be balanced with study logistics. For example, if remote home
reporting is feasible, then weekly reporting with a 1-week recall is preferable (particularly if
symptoms are expected to fluctuate or change from week to week). This is the authors’
preferred approach. However, if patients are completing questionnaires at clinic visits every
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3-week cycle, then a 3-week recall may be desirable with an understanding that there may be
some information loss. There may also be certain circumstances in which capture of daily
symptomatic AE reports may be appropriate. Like weekly reporting from home, daily at-
home reporting is potentially feasible with the use of field-based electronic data collection.
One of the clear advantages of remote electronic data capture is that the data can be
uploaded to a server or dataset in real time and alerts can be sent to site investigators if a
particularly significant and/or severe AE is reported (see next section on modes of data
collection, as well as the section on sharing patient-reported AEs with clinicians).

Mode of data collection

Different modes of data collection are available for PRO measures, including paper and
electronic formats (e.g., Web-based, handheld device application-based, and automated
telephone system-based). Electronic modes are preferable whenever feasible as they enable
systematically timed reporting from home between visits as well as automated reminders to
patients, automated alerts to investigators (see section on sharing patient-reported AEs with
clinicians), and real-time monitoring of compliance. Prior research demonstrates that results
are comparable across various modes of administration19:20.21 supporting the use of
previously tested modes within a given trial based on convenience and patient preference
(see Eremenco et al.22 for design and statistical analysis considerations when mixing
modes). An option of a telephone-based approach is desirable, particularly for patients with
limited literacy or tactile function, whereas paper or Web-based is preferable with hearing
impairment. Assuring availability of a questionnaire in all of the anticipated languages
spoken by trial participants should also be considered up front.

Backup data collection

Patient compliance with AE self-reporting can be enhanced substantially with regular
reminders to self-report, and backup data collection for those who do not self-report on
schedule. This is easier to accomplish with electronic data collection, as automated
electronic reminders and notifications for non-compliance can be set up. For example,
patients who are self-reporting weekly via Web or automated telephone system can receive
an auto-generated reminder by email/call to self-report on a given day. For non-responders,
repeat reminders can be automatically triggered up to twice daily, and after 3 days a human
backup data manager can call the patient to administer the questions directly.

Paper-based reporting is a less desirable but frequently used option and can have high
compliance rates. If paper reporting is conducted at clinic visits, compliance is dependent on
local site research staff remembering to provide the questionnaire to patients. If patients miss
a visit, the report will be missed, leading to potential informative missingness. Staff can call
patients to administer the questionnaire verbatim by telephone in such cases. Between-visit
reporting via paper is also an option by providing a PRO questionnaire(s) to patients;
however, this approach is generally not recommended as the actual date of completion for
each questionnaire cannot be tracked and patients may complete questionnaire(s)
retrospectively just prior to turning in the questionnaire(s). If at-home paper-based reporting
is unavoidable, regular reminders at visits and calls from staff can be initiated to remind
patients to complete assessments on the intended dates. Provision of self-addressed stamped
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envelopes for patients to mail completed questionnaires back to clinic may also be
considered. When patients return to clinic, if reports have not been completed they can be
administered by staff. If patients become too ill to self-report, assistance by a family
member, friend, or caregiver serving as an objective reporter or recorder of the patient’s
responses may be employed but should be demarcated in the dataset to allow for proper
handling in statistical analysis (e.g., as a covariate in statistical models and/or sensitivity
analyses excluding such data to assess the impact).

Sharing patient-reported adverse events with clinicians

There is an option to share patient-reported AEs with physicians and nurses at the point of
care to inform clinical management as well as clinician adverse event grading. With
electronic reporting, automated notifications for severe or worsening symptomatic adverse
events can be triggered, and full reports can be printed or viewed at visits. This approach has
been found to be feasible and perceived as useful by clinicians, and most notifications are
seen as clinically actionableZ3. Moreover, the sharing of patient-reported adverse event
scores at the point of care can improve the precision of clinician-reported adverse events.
This approach simply formalizes and systematizes the existing method for symptomatic
adverse event detection in clinical trials, which is primarily based on interviews of patients
at visits. Clinicians are responsible for understanding and documenting their patients’
adverse events in trials, and this approach improves that function. Finally, informing patients
that their self-reported AEs will be shared with their clinicians to improve care may
potentially improve patient compliance with reporting, as patients may view the patient-
reported AE assessment not just as research data collection but as a way to engage the
clinician in their own treatment and health status. However, the potential benefits of
systematically sharing patient-reported AEs with clinicians must be balanced with clinical
trial logistics and potential impacts of sharing these data on conduct of the ongoing study
(e.g., inadvertent unblinding in a blinded trial or change in enthusiasm for continued site
enrollment) on a case-by-case basis.

For example, in a phase 2 lung cancer trial, patients self-reported adverse events at clinic
visits via tablet computers, and this information was shared with physicians and nurses in
real time in a clinician interface which allowed the clinician to agree or disagree/reassign the
patient-reported grades3. Clinicians agreed with the patient-reported AEs in 93% of cases,
although agreement levels were lower for high-grade AEs.

Future directions

The field of patient-based AE reporting in cancer trials remains evolving in multiple aspects
of design, statistical analysis, and reporting strategies. Based on a limited number of clinical
trials which have incorporated patient-reported AE measurement to date, statistical analyses
have generally combined approaches developed for the analysis of traditional clinician-based
AE data with strategies developed for PRO measures. As additional studies are completed,
optimal statistical analysis and reporting strategies will likely continue to combine the
approaches used for traditional clinician-based AE data and PRO data, taking into
consideration two key differences between PRO data and traditional clinician-based AE

Clin Ther. Author manuscript; available in PMC 2017 April 02.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Basch et al.

Page 7

data: first, that patients better detect baseline symptoms than clinicians2®, which can be
considered in analyses; and second that patient-reporting can generate more frequent
between-visit reports allowing for granular longitudinal analyses.

The standard approach for CTCAE data analysis often involves tabulation of the maximum
grade post-baseline per patient per adverse event. In multi-arm trials, this is conducted by
arm. For each AE, the incidence of grade 1 or higher is computed (i.e., grade >0), and
separately the incidence of grade 3 or higher is computed. In multi-arm trials, rates are often
compared between arms using Fisher’s exact tests, chi-squared tests, or similar method.
Additional analysis may involve similar tabulation of only adverse events deemed at least
possibly related to study treatment by the treating clinician, or tabulation of treatment-
emergent adverse events. These data are commonly displayed descriptively (with or without
p-values) in tabular format in publications. Patient-reported AEs may be analyzed and
displayed similarly, either in a stand-alone patient-reported AE table, or in a combined table
which shows both patient-reported and clinician reported AEs (example shown in Table 1).

Alternative statistical analysis strategies have been developed but not commonly employed
for CTCAE-based data such as summary statistics other than the maximum grade post-
baseline and multivariate and time-to-event analyses242%:26, Use of alternative approaches
may become more common or new approaches may be developed in the future with the
increased testing of continuous-dosing oral targeted therapies taken over longer periods of
time with potentially lower grade toxicities relative to traditional chemotherapies?”’.

In addition, histograms may be used to provide more granular depictions of the full spectrum
of scores. These can be used to summarize the distribution of multiple post-baseline AEs
during treatment (example shown in Figure 1), or to show the distribution of grades or scores
of individual AEs at each assessment time point in a longitudinal fashion (example shown in
Figure 2).

When there are substantial rates of baseline symptoms, analyses may be adjusted to remove
these from results to avoid misattribution of pre-existing symptoms to study treatments.
Patients with advanced cancers frequently enter trials with baseline symptoms that are not
reported by clinicians (for example, see Figure 2, Panel 2b), but are detected by patient-
reporting, which has greater precision?®. Indeed, many cancer clinical trials do not include
baseline CTCAE reporting. When clinicians are aware of baseline symptoms, they generally
consider these during their subsequent CTCAE grading implicitly by not reporting these as
adverse events unless the symptom worsens (e.g., pre-existing dyspnea in a lung cancer
trial). In PRO data analyses generally, an approach frequently used to adjust for baseline
scores is to tabulate change from baseline. However, for adverse event reporting a different
approach is more synonymous with clinician CTCAE grading and may improve the
attribution of symptoms to specific treatments. Specifically, for any given patient, the worst
adverse event during treatment is tabulated only for adverse events that are worse than the
baseline score. For example, if a patient had nausea at baseline with a magnitude score of 2,
and his or her worst post-baseline score was 1 or 2, then no AE would be tabulated for that
patient (i.e., a score of 0). However, if that patient’s worst post-baseline score was 3 or
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higher, then that post-baseline score would be tabulated for that patient. This ‘baseline
subtraction” method is used in the data shown in Table 1.

It is well established that patient and clinician symptom reports are discrepant, with
clinicians generally under-reporting the incidence and magnitude of symptoms compared to
patients. As previously noted, sharing patient reports with clinicians at the point of care
improves the alignment of patient and clinician grades, but discrepancies persist. Patient-
reported and clinician-reported AEs can be presented together with an understanding that
they are discrepant and may capture complementary aspects of adverse event phenomena?®.
This can be done either in a combined AE table as demonstrated in Table 1, or with separate
tables for clinician and patient-reported AEs. A second option is to report only the patient-
reported AEs where symptomatic AEs are concerned, and to report clinician-reported
CTCAE only for non-symptomatic AEs. Attempts to reconcile discrepant patient and
clinician AE reports after the fact are likely to be logistically infeasible given that the patient
report is its own source documentation. While further information may be attainable from
the medical record with regard to the clinician’s reported grade, any further information
about the patient’s reported score would require contact with the patient who may have
terminated follow-up or died, with recall of the event being subject to memory degradation if
the patient was in fact reachable.

Other statistical analysis considerations for patient-reported adverse event data include
interpretation in single-arm trials, handling missing data, and multiplicity associated with
statistical hypothesis testing (e.g., between-arm comparisons in multi-arm trials). Statistical
analyses for clinician-reported CTCAE data in part address missing data through the use of
summary measures (e.g., tabulating the worst grade post-baseline). While a similar approach
can be employed for patient-reported AEs, a major caveat is that patients who are ill or
hospitalized may miss self-reports, therefore yielding informative missingness. Various
statistical methods including imputation or model-based approaches have been applied to
PRO-based efficacy endpoints in clinical trials and are available for patient-reported AE
analysis, either as part of the primary statistical approach or for use in sensitivity analyses.
One intriguing yet still untested approach to missing patient-reported AE data is the use of
the clinician-reported AE data either as values for direct imputation or as auxiliary data for
model-based multiple imputation, weighting or stratification in statistical modeling, joint
auxiliary and outcome modeling, or investigating missing data mechanisms3C. As noted
above, use of electronic PRO data collection and efforts to recover missing self-reports via a
variety of backup approaches are recommended to minimize missing data, and can raise
compliance rates into the >90% range.3!

Relative to multiplicity, CTCAE data tabulated by arm in multi-arm trials are often
presented descriptively (i.e., without p-values for between-arm comparisons) as the goal of
AE reporting is detection of potential safety signals and description of side effect profiles for
a given treatment, not formal statistical hypothesis testing. However, as noted above, p-
values may be used, and the precision of patient-reported AE assessment may yield a higher
number of statistically significant differences between study arms than traditional CTCAE
reporting. The FDA has noted that patient-reported AE data may be useful when presented
descriptively?, although optimal methods for considering multiplicity adjustment when
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formal statistical hypothesis testing beyond descriptive reporting is carried out has yet to be
determined. While various methods for multiplicity adjustment and the statistical issues
raised above exist for traditional clinician-based AE data and general PRO-based endpoints,
these statistical analysis and reporting techniques will likely evolve as data from additional
trials systematically incorporating patient-reported AEs become available.

Conclusion

Asking patients to systematically self-report symptomatic AEs in cancer treatment trials has
the potential to improve the quality of AE detection, while enabling greater patient
engagement in clinical research. Assessment tools and methodologies already exist that can
be employed in trials, including NCI's PRO-CTCAE. This paper outlines some of the key
issues to consider when integrating patient self-report into the overall assessment of AEs in
clinical research and shows that, by complementing the traditional clinician-based AE
reporting system (i.e., CTCAE) with patient-reported AE data, a much clearer understanding
of tolerability is gained and the evaluation of investigational anti-cancer agents is enriched.
We anticipate optimal integration, statistical analysis, and reporting strategies will evolve
over time as patient-based adverse event reporting becomes more common.
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Figure 1.
Example graphical display showing the distribution of maximum post-baseline grades

reported by patients during treatment in a phase 2 cancer clinical trial (Clin Trials. 2015 Nov
4. pii: 1740774515615540. PMID:26542025). Grades are based on items modified for
patient use from the Common Terminology Criteria for Adverse Events (CTCAE).
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Figure 2.
Example longitudinal graphical displays showing the distribution of patient grade levels for

four symptomatic adverse events at time points during treatment in a phase 2 cancer clinical
trial (Clin Trials. 2015 Nov 4. pii: 1740774515615540. PMID:26542025). Grades are based
on items modified for patient use from the Common Terminology Criteria for Adverse
Events (CTCAE). Few patients experienced alopecia at baseline (Day 1) and this number
markedly increased at Day 28. In contrast, about half of patients had dyspnea at baseline and
this proportion did not change substantially, although the distribution of patient-reported
grades improved during the trial, suggesting improvement. Mucositis and nausea both
increased at Day 15 then improved, suggesting symptomatic control with supportive
measures, and suggests the need for earlier preventive measures for mucositis and nausea
with the study regimen.
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