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Assessing patient-reported adverse events in oncology -

a review of the PRO-CTCAE instrument

Erfassung von unerwiinschten Ereignissen aus Patientensicht in der

Onkologie - ein Review des PRO-CTCAE-Instruments

Abstract

Aim: Patient reporting of adverse events (AE) is still rare in oncological
drug development. It should however be a crucial part of clinical studies
and medical decision making. The PRO-CTCAE instrument has been
generated from observer based AE assessment to represent the pa-
tients’ view in 124 items. This review examines the psychometric quality
of the PRO CTCAE as tested in selected cancer patient groups and
published in core papers.

Method: A literature review identified 3 league papers describing the
original development of the PRO-CTCAE. Using the COSMIN quality cri-
teria for patient-reported outcome measures, the psychometric perform-
ance of the PRO-CTCAE was systematically examined.

Results: Sufficient information on COSMIN quality standards were only
presentin 2 of the 10 criteria with EORTC QLQ-C30 used as a validation
anchor, providing only limited evidence for reliability or validity. For 5
out of the 10 criteria no information at all is available.

Conclusion: PRO-CTCAE is a useful list of items which has been psycho-
metrically tested on individual item level, but not on a scale level. The
development of a measurement model and consecutive psychometric
testing is recommended to provide information on test-theoretical per-
formance on the aggregate level including scoring and comparison to
reference populations. This would transform the PRO-CTCAE items from
a list to a tool which can be used in patient-reported AE assessments
within and across oncological trials. Future research should focus on
explaining potential differences between physicians and patient ratings,
on cross-cultural comparability of the tool, and on the impact of PRO-
CTCAE as a unique instrument for patient reported outcomes in clinical
research and medical decision making.
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Zusammenfassung

Ziel: Eine Erfassung der patientenberichteten unerwiinschten Ereignisse
(adverse events, AE) ist in der Arzneimittelentwicklung von Onkologika
noch immer selten. Die Sicht des Patienten wird ein immer wichtigerer,
bisher aber kaum beachteter Aspekt klinischer Information. Das Instru-
ment PRO-CTCAE wurde aus den arztberichteten AE-Erhebungen entwi-
ckelt und stellt die Patientensicht in 124 Aspekten dar. Dieser Review
untersucht die psychometrischen Eigenschaften des PRO-CTCAE, so
wie er in ausgewahlten Krebspatienten-Populationen untersucht wurde,
die in die zentralen Publikationen zur Validierung Eingang fanden.
Methoden: Uber eine Literaturrecherche wurden 3 zentrale Publikationen
identifiziert, die die Entwicklung des PRO-CTCAE beschreiben. Mittels
der COSMIN-Qualtitatskriterien fur patientenberichtete Fragebdgen
wurden die psychometrischen Eigenschaften und die Qualitat des PRO-
CTCAE (basierend auf dem verwendeten EORTC QLQ-C30 als Anker flr
die Validierung) systematisch untersucht.
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Ergebnisse: Ausreichende Information zu COSMIN-Qualitatsstandards
waren nur fur 2 der 10 Kriterien verflgbar, so dass nur eine beschrankte
Evidenz im Hinblick auf die Belastbarkeit der Validitat vorhanden ist.
Fur 5 der 10 Kriterien ist Uberhaupt keine Information verflugbar.

Schlussfolgerung: Der PRO-CTCAE ist eine nitzliche Liste von Aspekten,
die psychometrisch auf einer individuellen Aspekt-Ebene getestet wur-
den, aber nicht auf Skalenebene. Um die testtheoretische Leistung auf
einer aggregierten Ebene zu beschreiben, wird die Entwicklung eines
Messmodells empfohlen, sowie die nachfolgende psychometrische
Testung desselben. Dies beinhaltet die Wertung und den Vergleich zu
Referenzpopulationen. Damit wirde der PRO-CTCAE von einer Liste zu
einem Werkzeug weiterentwickelt, mit dem patientenberichtete AE-
Bewertungen innerhalb und zwischen onkologischen Studien bewertet
werden kdnnen. Zukunftige Forschung sollte sich mit der Erklarung
moglicher Unterschiede zwischen Arzt und Patientenbeurteilungen, mit
kulturGbergreifenden Vergleichen und mit den Konsequenzen von PRO-
CTCAE als alleinstehendes Instrument fiir die Erfassung von patienten-
berichteten unerwiinschten Ereignissen in der klinischen Forschung

und medizinischen Entscheidungsfindung befassen.

Schliisselworter: PRO-CTCAE, Validierung, COSMIN-Kriterien,

psychometrische Qualitat

Introduction

In oncological clinical studies, adverse events (AE) are
regularly recorded and documented by the investigator
or treating physician using medical reporting systems
such as Medical Dictionary for Regulatory Activities
(MedDRA) [25]. Severity assessment of AEs is often based
on Common Terminology Criteria for Adverse Events
(CTCAE) of the National Cancer Institute (NCI) [11]. Both
approaches are focusing on physician’s judgement of
adverse events.

There is, however, a common understanding that the
patient perspective is of utmost importance in the evalu-
ation of new treatments. Appropriate, meaningful, and
valid instruments should be used to assess the benefits
and risks of a new drug by patient reporting, and these
should comply with internationally consented quality cri-
teria for patient-reported outcomes assessment, such as
the COSMIN guideline [13].

Until now, the patient’s perspective has been assessed
primarily in terms of morbidity and health-related quality
of life. For safety aspects, e.g. adverse events, mainly the
physician’s perspective was documented so far, while
the directly reported patient’s perspective has not been
established as a standard [7].

The patient-reported outcomes measurement system
PRO-CTCAE was developed as an extension of the CTCAE
assessment introduced by NCI as a tool to obtain patient
reports on adverse events [8]. CTCAE and PRO-CTCAE do
not exactly contain identical categories, it is advisable to
compare and contrast the two scales to be informed
about symptoms from different perspectives. It is crucial
here that patients AND physicians fill in the forms carefully
and completely [7].

In addition to the reported poor completion rate of the
CTCAE items by physicians, it is debatable whether it is

an appropriate source for PRO-CTCAE item selection and
if the EORTC QLQ-C30 is a well-chosen anchor. Finally,
potential discrepancies between CTCAE and PRO-CTCAE
should not be attributed to PRO-CTCAE alone. If data are
missing or in case of a low association it is not possible
to detect whether discrepancies are (i) due to different
underlying concepts, (ii) due to incomplete answers of
patients or (iii) physicians, (iv) due to both, physicians’
and patients’ incomplete answers or (v) due to actual
differences in the perception of adverse events. There is
also a different time perspective between the two instru-
ments (7 days for PRO-CTCAE, no restriction for CTCAE
[3].

The current publication aims to provide a reflection of
the information given by publications of the original valid-
ation of the PRO-CTCAE instrument, using the COSMIN
quality criteria for a structured assessment of its meas-
urement approach and psychometric characteristics in-
cluding validity, reliability, and responsiveness as ex-
amined in a large, heterogeneous US sample of patients
undergoing cancer treatment [9], [15], [20].

The paper thus examines whether - on the basis of the
original papers introducing the instrument - important
psychometric characteristics as identified with the
COSMIN quality criteria are fulfilled by the PRO-CTCAE
instrument.

Characteristics of the PRO-CTCAE

The standard approach for documenting symptomatic
AEs in cancer clinical trials involves investigator reporting
using National Cancer Institute’s Common Terminology
Criteria for Adverse Events (CTCAE) for severity. Because
this approach relies on observer data, it may fail to detect
symptoms relevant to and noted by the patient, thus po-
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tentially underreporting symptomatic AEs [33]. Acknow-
ledging the value of patient reports, the PRO-CTCAE was
developed from the criteria catalog of the CTCAE as a tool
to include the patients’ view by capturing the patient-re-
ported adverse events. Newer developments have also
established an IT-tool to ease input and review by physi-
cians and patients [6].

In a first step, the existing 790 CTCAEs were analyzed to
identify those events that are suitable for self-reporting
by the patient, resulting in 78 items, i.e. one tenth of all
CTCAE items, [8]. To be amenable to patient reporting,
each of the 78 items is to be evaluated regarding pres-
ence or absence; and if present, up to four different at-
tributes may need to be assessed, namely frequency,
severity, interference with activities related to each AE
and amount on a 5-point Likert scale [8], [15] (incl. sup-
plements), [29]. Since items are assessed using different
numbers of attributes, there are a total of 124 individual
questions in the PRO-CTCAE item pool [8]).

Not all AEs in this item pool are relevant to every disease
or treatment context, and the large number of items in
the PRO-CTCAE library may make it impractical to admin-
ister all items to all patients. Therefore, a reduction of
the number of items is suggested: “A limitation to about
28 items is doable without overburdening patients” [8].
Other than MedDRA and CTCAE which both cover all po-
tential AEs, PRO-CTCAE assessment does not require
every item and attribute to be investigated in each clinical
study.

The PRO-CTCAE is now available for patient reporting as
a list of items to choose from for a given oncological
study. The question is, however, if this tool can be con-
sidered not only as an item pool, but also a psychometric-
ally sound instrument which fulfills test-theoretical quality
criteria as a patient-reported outcomes measure. To
evaluate the development and the validation of a PRO
instrument, sets of criteria have been suggested, the
most comprehensive of which are the COnsensus-based
Standards for the selection of health Measurement
INstruments (COSMIN) criteria. The measurement prop-
erties described in the COSMIN were used to evaluate
the original PRO-CTCAE validation approach [13], [27],
[30], [32].

Methods
COSMIN criteria

The COSMIN steering committee developed and published
a guideline for systematic reviews of patient-reported
outcome measures including a list of 11 criteria which
are essential for assessing the methodological quality of
a PRO measure and its measurement properties [27].
Ten of these measurement properties were considered
relevant for this evaluation of the PRO-CTCAE validation,
the exception being face validity which can be subsumed
under content validity based on the COSMIN list.

These ten properties, either defined as domain or meas-
urement property, are listed below according to the
numbering in the original COSMIN publication [27]. The
publications describing the original validation approach
of the PRO-CTCAE are used to examine whether these
properties have been addressed:

¢ Reliability, containing the measurement properties
internal consistency (1), reliability (2), and measure-
ment error (3)

¢ Validity, containing the measurement properties con-
tent validity (4), construct validity (5), structural validity
(6), cross-cultural validity (7) and criterion validity (8)

* Responsiveness, containing the measurement property
responsiveness (9)

¢ Interpretability (10)

Literature review

A systematic literature search was performed using the
data bases EMBASE, MEDLINE and Cochrane Library.
The searches include combinations and synonyms of the
following terms: PRO-CTCAE, PRO, CTCAE, self-report,
validity, reliability (see Appendix (Attachment 1) for the
detailed search strategy for each library, access dates:
Embase, Medline: May, 24" 2018, Cochrane: June 1%
2018).

The systematic literature search resulted in 152 citations
eligible for screening, which were inspected and consen-
ted by two independent reviewers. Screened publications
were selected according to the criteria (a) methodological
aspects covered, (b) validation aspects covered, (c) refer-
ring to the empirical patient data of the NCI data set used
originally for validation [8], and (d) original data reflected
and primary validation approach represented. This result-
ed in 3 publications, namely Hay et al. 2014 [20], Dueck
et al. 2015 [15] (incl. resp. supplement), and Bennett et
al. 2016 [9] (Figure 1).

In summary the assessment was as follows (Table 1):

a) Number of publications: After literature research
3 articles remained describing the original validation,
which is too small a number for statistical analysis.

b) Analyzing measurement properties: The analysis was
a three-step approach per property.

1. Is any information available on the measurement
property?

2. Which type of analysis is the basis for information
regarding the respective instrument property?

3. What is the conclusion drawn from the results?

In step 1 this included a binary decision (information
available y/n), whereas in step 2 a methodological exam-
ination according to the COSMIN evidence levels was
performed. Finally, step 3 is a contextualization of the
numerical results.
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EMBASE
(n=76)
After de-duplication

Medline
(n=73)
After de-duplication

Cochrane Detailed search strategy per
(n=51) data base in Appendix 1
After de-duplication

A 4

Citations eligible for screening
N=152

After merge and de-
duplication between data
bases

A 4

Selection criteria
(a) methodological aspects covered
(b) validation aspects covered
(c) referring to empirical patient data of the
original validation NCI data set
(d) original data reflected and primary
validation approach represented

A

Publications relevant for research
question
(N=3)

1. Inspection by two
independent reviewers

2. consented between
reviewers

Figure 1: Flow chart of literature research for relevant papers (search criteria in appendix)

Table 1: Measurement properties and their evaluation based on original publications

Criterion | Properties addressed Publication

number*

1 internal consistency -

2 reliability Dueck et al. 2015 [15]
Bennett et al. 2016 [9]

3 measurement error -

4 content validity Hay et al. 2014 [20]

5 (hypothesis testing for) construct validity Dueck et al. 2015 [15]

6 structural validity -

7 cross-cultural validity / measurement invariance | Dueck et al. 2015 [15]

8 criterion validity Dueck et al. 2015 [15]

9 responsiveness Dueck et al. 2015 [15]

10 interpretability -

* Criterion numbering according to Mokking et al. [27]

Results

The 3 publications (and their supplements) were screened
for information on the 10 COSMIN criteria, described in
Table 1.

The degree of completeness of information on each of
the criteria was rated along 4 categories: not available,
insufficient, partly sufficient, and sufficient.

Criterion 1: Internal consistency

Internal consistency is defined as consistency of re-
sponses to items of the same multi-item scale, where the
items are intended to capture the same construct (or
complementary interrelated aspects of it). Internal con-

sistency is measured through Cronbach’s alpha coeffi-
cient [12].

No information on internal consistency was found in
publications for the original US version of the instrument.
Due to lack of information neither a review nor an evalu-
ation is possible.

The overall rating of information on the measurement
error of the PRO-CTCAE is ‘not available’.

Criterion 2: Reliability

Reliability is assessed through determination if a scale
of measurement instrument yields reproducible and
consistent results, e.g. test-retest reliability (reproducibil-
ity). During the assessment the patients are asked to
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complete the same quality of life questionnaire on several
occasions [17]. Test-retest reliability for PRO-CTCAE was
assessed by Dueck and colleagues [15].

ltems for validation were selected without providing a
rationale: It is unclear how and why 49 out of 124 items
[15] were chosen. The reported median Intraclass Correl-
ation Coefficient (ICC) was 0.76, 13 out of 49 items had
ICC values <0.7.

The ICC is the most commonly used method for assessing
test-retest reliability with continuous data [17]. In general,
an ICC of at least 0.90 is viewed as a high intraclass
correlation while 0.70 is viewed as moderate. Since the
magnitude of the ICC depends (among others) on the
heterogeneity of the population, no interpretation of ICC
values seems to be reasonably possible without further
insight in the population, even if ICC values are above
0.7. However, such information was not provided.

The available information is not sufficient to conclude
with reasonable certainty on the reliability of the PRO-
CTCAE, both with regard to possible selection bias due
to the non-transparent item selection and with regard to
the heterogeneity of the population. Therefore, the level
of information with regard to reliability is rated as ‘insuf-
ficient'.

Criterion 3: Measurement error

Measurement error is defined as the systematic and
random error of a patient’s score that is not attributed to
true changes in the construct to be measured. It can occur
in (1) test-retest, (2) intra-rater and (3) inter-rater meas-
urements [27].

No information was provided in any of the available
identified publications.

The overall level of information on measurement error of
the PRO-CTCAE is rated as is ‘not available’.

Criterion 4: Content validity

Three aspects of content validity are being distinguished
and need to be addressed: (1) relevance (all items in a
patient-reported outcome measure (PROM) should be
relevant for the construct of interest within a specific
population and context of use), (2) comprehensiveness
(no key aspects of the construct should be missing) and
(3) comprehensibility (the items should be understood
by patients as intended).

Content validity was comprehensively assessed through
cognitive interviews [20] which were conducted among
patients undergoing chemotherapy or radiation therapy
to evaluate comprehension, memory retrieval, judgment,
and response mapping related to AE terms, attribute
terms (regarding frequency, severity, or interference),
response options, and recall period.

The above publication [20] provides sufficient information
on content validity. Overall, the information for content
validity of the PRO-CTCAE is rated ‘sufficient’.

Criterion 5: Construct validity

Construct validity is defined as the degree to which the
scores of a PRO instrument are consistent with the hypo-
thesis based on the assumption that the PRO validly
measures the construct to be measured.

If comparison with a standard test is not available, con-
struct validity is usually assessed via statistical testing
of hypotheses regarding group differences in outcomes.
This has not been reported by Dueck and colleagues [15].
The overall level of information on construct validity of
the PRO-CTCAE is rated as is ‘not available’.

Criterion 6: Structural validity

Structural validity refers to the degree to which the scores
of a PROM are an adequate reflection of the dimension-
ality of the construct to be measured and is usually as-
sessed by factor analysis or Item Response Theory (IRT) /
Rasch analysis [30].

Structural validity can be assessed via factor analytical
or structural equation modelling approaches of the psy-
chometric measurement model.

No information about structural validity of the PRO-CTCAE
is available from any of the identified publications, thus
neither an assessment nor an evaluation is possible.
The overall level of information on structural validity of
the PRO-CTCAE is rated as is ‘not available’.

Criterion 7: Cross-cultural validity /
measurement invariance

Questionnaires are not always translated appropriately
before they are used in new temporal, cultural or linguistic
settings. The results based on such instruments may
therefore not accurately reflect what they are supposed
to measure and need to be adapted cross-culturally in-
cluding e. g. investigation of conceptual and item equival-
ence [18].

As described in Dueck and colleagues [15] the data base
is built solely on US patients being able to comprehend
English (with the risk of potential cultural bias), being able
to make it to the waiting room (potential health status or
financial bias), patients’ willingness to participate and to
comprehend electronic tools (potential educational bias).
As for the generation of the original data base, no version
other than English existed, there is a limitation to native
speakers or those comprehending English. A selection
bias regarding exclusion of Hispanic patients or other
non-English speakers at the time of establishing the PRO-
CTCAE cannot be ruled out [15].

Intercultural differences in AE reporting are well known,
but rarely subject of research (e.g. [34]). For international
studies using the PRO-CTCAE this would require an ana-
lysis on national levels and an inspection of differences
across countries or languages (e.g. [10], [31], [28]). With
respect to different reporting habits in different cultural
or social segments of the US population, but also with
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regard to populations outside the US, cross cultural as-
pects had at the time not been taken into account. Thus,
the use of the PRO-CTCAE in other cultural populations
can only be recommended after extensive cross cultur-
al linguistic adaptation and validation. There are numer-
ous translations/transfers of the PRO-CTCAE to other
languages / cultural regions (currently 50 translations
available, for current status refer to: https://
healthcaredelivery.cancer.gov/pro-ctcae/). These are not
evaluated in this paper, as it refers to the original PRO-
CTCAE validation.

The overall level of information on measurement error of
the PRO-CTCAE is rated as ‘partly sufficient’.

Criterion 8: Criterion validity

Criterion validity involves, via correlation analysis, assess-
ing an instrument against the true value, or against some
other standard that is accepted as providing an indication
of the true values for the measurements [17].

Dueck et al. [15] used patient-reported global health-re-
lated quality of life (EORTC QLQ-C30), clinician-reported
ECOG performance status and other specific clinical
variables (e.g. use of antiemetics or receipt chemotherapy
containing taxane) as criteria in their study. The correla-
tion coefficients between these anchors and PRO-CTCAE
ranged between 0.0 (e.g. stretch marks (presence/ab-
sence)) and 0.74 (fatigue (interference with usual or daily
activities)).

When looking at details of the statistical analysis, only a
small subset of items is included. The statistical test for
correlation was applied which is too sensitive to draw
valid conclusions. A small p value does not provide evid-
ence of a meaningful correlation. It needs to be taken
into account when interpreting results that this just means
that the correlation is different from 0. Generally well
accepted thresholds to assess the strength of a correla-
tion that could have been applied are e.g. O as no, <0.3
as negligible, <0.5 as low, <0.7 as moderate, <0.9 as
high and 1 as perfect correlation [21].

Based on these thresholds, there was a weak correlation
between EORTC QLQ-C30 symptom subscales and
symptomatic AEs. This was observed also for items re-
lated to insomnia (0.48 (severity) and 0.52 (interference
with usual or daily activities)), vomiting (0.40 (frequency)
and 0.39 (severity)), and nausea (0.49 (frequency) and
0.51 (severity)) [15], which are very similar in both instru-
ments, even though the scaling of EORTC QLQ-C30 and
PRO-CTCAE is almost identical (the only difference being
that the ECOG scale of performance status has one inter-
mediate category more (EORTC QLQ-C30 has 4 whereas
PRO-CTCAE and ECOG scale of performance status have
5 categories).

Overall, the level of information on criterion validity of the
PRO-CTCAE as an instrument (totality of items) is rated
as ‘insufficient’ given the large number of items with ‘no’
to ‘low’ correlation.

Criterion 9: Responsiveness

ltem responsiveness examines whether changes over
time are captured by the instrument [17].

As reported in Dueck et al. [15] the responsiveness of
items was investigated by comparing change from first
to second visit in 27 PRO-CTCAE items selected a priori.
Since the analyses are limited to a subset of items with
a possible selection bias, evidence for responsiveness
still is weak.

Overall, the level of information on responsiveness of the
PRO-CTCAE is rated as ‘insufficient’.

Criterion 10: Interpretability

Interpretability is defined as the degree to which one can
assign qualitative meaning (that is, clinically or commonly
understood connotations) to a PROM’s quantitative scores
or change in scores [30].

Interpretability is not considered a measurement property
but an important characteristic of a measurement instru-
ment.

There is no specific information available on interpretab-
ility in any of the publications.

Overall, the level of information on interpretability of the
PRO-CTCAE is rated as ‘not available’.

Further aspects related to the validation

In addition to the ten criteria of the COSMIN statement,
the following aspects of the data used for the validation
by Dueck et al. [15] may represent further sources of bias
in the validation of the PRO-CTCAE.

* Representativeness of sites: The number of sites is
low, and the size of sites varies greatly (9 sites al-
together, with patients ranging from n=9 to n=280 per
site). The representativeness is unclear.

* Indication: Enrichment strategies are applied to in-
crease patient numbers in (i) specific cancer types,
(ii) specific symptomatic AEs and (iii) specific (higher)
severity grades.

* Symptomatic AEs and items: By design the first 80%
of patients had to answer 20 core symptomatic AEs
(i.e. 26% of all) plus some specific ones. The last 20%
of patients had to answer the remaining 58 sympto-
matic AEs.

* Study visit schedule: Three different kinds of schedules
were followed to avoid additional visits for the valida-
tion effort. Visit frequency also differed between
schedules but allowed for increasingly more distant
visits. As the recall will decrease with longer time inter-
vals, patient groups may differ with respect to results.

¢ Time course per patient: Post-baseline measurements
are missing for a substantial amount of patients.

Itis unclear how each enrichment strategy was implement-
ed and whether or not the individual strategies interfered
with the other enrichment strategies. These differing
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strategies and their unknown interaction might have had
a potential impact on data and results.

In general, it should be noted that the biases inherent in
the results are not quantifiable as this would at least
necessitate a check of the data base (i) in itself for intern-
al validity, (ii) versus census data for external represent-
ativeness and (iii) for robustness of results with regard
to missing (post-baseline) data.

The intention to generalize the results to (i) all cancer
types, (ii) different classes of medication and (iii) a wide
range of indications is a potential weakness of the valid-
ation. The overall results may mask different outcomes
in different situations, i.e. different sets for AEs are
needed in different cancer types treated with different
medications based on different modes of action.

Discussion

The NCI PRO-CTCAE tool offers an opportunity to capture
the patients’ perspective on symptomatic AEs during the
development of new therapies. This is an important ele-
ment for modern patient centered drug development,
especially as discordances between physicians’ and pa-
tients’ ratings are common [2], [7], [35] and agreement
often is poor [3]. Any discordances could be a) due to
differences in patients’ and clinicians’ perception of AEs
which would underline the importance to gather the pa-
tient's perspective, b) caused by different reporting
schedules, or c¢) by the well-known difference between
spontaneous reporting and being asked about AEs in
general or even specific AEs.

It should be noted that the CTCAE, used to capture the
physicians’ view on AE, also has difficulties surrounding
it. One can challenge if the CTCAE itself is a good source
for selecting items for the PRO-CTCAE and whether it can
serve as a reference with respect to reporting habits. As
the league papers reporting the validation of the PRO-
CTCAE used EORTC QLQ-C30 as an anchor, we are in our
review bound to this anchor. Ideally and as a bonus fea-
ture, the categories of PRO-CTCAE should be comparable
to the AE in content, wording and coding, so that patients’
and physicians’ views of defined symptoms can be taken
into account. Newer developments of the PRO-CTCAE
have also established an IT tool to ease input and review
by physicians and patients [6].

The identified publications reflect intensive activities to
validate the original PRO-CTCAE and reveal a solid basis
for some of the quality criteria. Content validity, a key
element for a PRO, in that patient reports on selected
CTCAE items represent relevant aspects of patient exper-
ience, is present. However, assessing adverse events by
a patient is limited to perceivable symptoms, therefore
PRO-CTCAE cannot replace, but enrich, the classical safety
profile provided by a physician. CTCAE and PRO-CTCAE
do not exactly contain identical categories, it is advisable
to compare and contrast the two scales to be informed
about symptoms from different perspectives. It is crucial
here that patients AND physicians fill in the forms carefully

and completely [7]. If data are missing, in case of a low
association it is not possible to detect whether discrepan-
cies are (i) due to different underlying concepts, (ii) due
to incomplete answers of patients or (iii) physicians or
(iv) due to both, physicians‘ and patients’ incomplete
answers.

Following the publication of the original PRO-CTCAE instru-
ment, multiple linguistic validation studies are now
available to account for the fact that original studies were
solely based on US patients able to comprehend English
[1], [4], [19], [22], [26]. The open question for cross-
cultural validity to be further evaluated is the extent to
which the data used for the validation might be subject
to selection bias by excluding non-English speaking parts
of the US population. Besides focusing on an English-
speaking patient population, the validation of PRO-CTCAE
is based on patients undergoing chemotherapy or radi-
ation therapy only, including lung, head or neck, or breast
cancer [15]. Considering recent developments in immuno-
oncology, further evaluation on the validity of the PRO-
CTCAE tool for checkpoint inhibitors might be valuable to
assess whether the assessment of content validity re-
mains unchanged when less toxic therapies are reviewed
or other cancer types are investigated.

The threshold value (ICC=0.7) for reliability was not met
for about a quarter of the selected 49 items. In addition,
no information was provided on the selection of the
49 items evaluated for the ICC, so that a possible selec-
tion bias cannot be excluded. Therefore, reliability does
not seem to be sufficiently demonstrated.

Two scales were used to assess the criterion validity of
the PRO-CTCAE: besides the ECOG performance status,
EORTC QLQ-C30 was used as an anchor for the validation
of PRO-CTCAE. Despite similar or overlapping items and
scoring method, only limited correlations were observed
for symptoms like vomiting or nausea which are items
within the EORTC QLQ-C30. This limits the criterion
validity, especially as correlations of <0.5 should not be
considered meaningful by the authors. The weak correla-
tion between EORTC QLQ-C30 symptom subscales and
symptomatic AEs surprises because of the similarities of
questions and scaling of EORTC QLQ-C30 and PRO-CTCAE.
Therefore, a higher correlation would have been expected.
Even though EORTC QLQ-C30 and ECOG are well estab-
lished instruments in oncology, they may be of limited
use for validation purposes because they measure quality
of life or performance status, whereas PRO-CTCAE is in-
tended to measure adverse events. Thus, sufficient in-
formation on COSMIN quality standards were only present
in 2 (criterion 4, 7) of the 10 criteria, providing only limited
evidence for reliability or validity. For 5 (criterion 1, 3, 5,
6, 10) out of the 10 criteria no information at all is avail-
able.

In the context of PRO-CTCAE validation, there are addition-
al aspects and concerns: Is the instrument EORTC QLQ-
C30 suitable for such a validation? Are (solely) morbidity
items of this instrument suitable? Are there sufficient
items in the anchors to validate 78 items separately? Is
the number of instruments sufficient?
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This leads to the paradox that, on the one hand, develop-
ing a new instrument that would be very similar to an
existing anchor would per se lead to a high construct
validity but would not add value, while, on the other hand,
developing a new instrument with a different focus would
lead to only limited correlations with the anchor. The lack
of a gold standard instrument is then, as in this case, a
problem.

While interpretability seems to be given due to the chosen
attributes of the selected items, no specific information
is available in any publications on questions regarding
distribution of values or potential ceiling effects, which
could be of special interest if less or more toxic drugs are
investigated. Limited information is available to assess
the aspects of internal consistency, structural validity,
measurement error, responsiveness, as well as study-
related aspects such as site and indication selection.
Further research in this direction is needed to be able to
obtain a holistic view on PRO-CTCAE following the COSMIN
approach.

The main problem identified in the review of the PRO-
CTCAE is the nature of the instrument. In its current form,
it is an item pool from which item lists can be created for
use in specific clinical trials. However, it is unclear what
the criteria for item selection should be, making the se-
lected study-specific item list arbitrary.

There is no guidance on scoring, implying that items need
to be scored individually. While the analysis of individual
items and their change over time can be helpful in the
clinical context, a scoring of scales according to a psycho-
metrically-based scoring system is most economical and
recommended especially for clinical research.

The lack of a scoring system is related to the absence of
a theoretically founded measurement approach. Since
there is no structured measurement model to identify
individual domains and related elements, classical test
theory cannot be applied. This leads to a lack of informa-
tion regarding internal consistency and confirmatory
factorial validity, which was identified in this paper. But
probabilistic test theory was also not applied, which could
have been used to characterize individual items, even
though no domain or scale was postulated. The absence
of a dimensional structure and associated scoring
provides maximum flexibility at the expense of stable
measurement indices, such as domain scores, that allow
testing of differences between patient-reported adverse
events of treatment strategies in clinical trials. Ultimately,
the approach chosen, the group working on Patient Re-
ported Outcomes Measurement Information System
(PROMIS) could be useful in further developments of the
PRO-CTCAE [16]. The basic approach in PROMIS is to
identify domains of interest in patient-reported outcomes
from qualitative content analyses (such as pain or emo-
tional well-being) and to identify a theoretically indefinite
item pool including items with the highest likelihood of
providing valid and reliable information of a patients via
computer assisted testing.

In reviewing the PRO-CTCAE, it should be noted that for
the present work, only the original publications were se-

lected from the literature, which at the time of the review
included over 150 potentially relevant articles, among
them the validation of languages other than English, dif-
ferent patient populations, and longitudinal study designs
including RCTs. A follow-up publication will address and
critically appraise these more recent developments.

In addition, the use of a strict methodological system to
assess psychometric quality in PROs may not be appro-
priate. The COSMIN criteria claim to be applicable to pa-
tient-reported outcomes and help to evaluate the psycho-
metric quality of individual assessment tools. Yet they
seem to be based on instruments in the true sense, i.e.
those having been developed from a measurement
model, containing a clear, domain-subdomain-item
structure and being amenable to statistical testing. Since
this is not the case for PRO-CTCAE, use of these criteria
may not seem to be meaningful. So far, the PRO-CTCAE
may not be considered as an instrument, but as a tool of
heuristic value. Applying rigorous standards of PRO as-
sessment to this new tool may help to improve PRO-CTCAE
to best capture the patient’s perspective which is of ut-
most importance in the evaluation of new treatments. So
far, most of these standards have not been met in the
original papers which implies reviewing subsequent
publications and ensuring that upcoming validations of
the tool address these methodological requirements.

In view of the topics mentioned above a discussion
around all of these is warranted, to ensure the PRO-CTCAE
and the patient’s voice as such finds its place in the
toolbox for clinical studies.

Conclusion/outlook

PRO-CTCAE offers a flexible tool to assess patient-reported
adverse events in cancer treatment which are not fully
covered by standard PROs. While this flexibility offers new
possibilities in day to day care by engaging patients in
their care [5], [14], [24], the free choice of items may
result in different items being selected across different
studies, making a cross-study comparison difficult, if not
impossible, from a clinical research perspective. There
is also a risk of a selection bias if individual items (AES)
are selected with a focus on those that are expected to
have a positive effect of the drug under investigation,
while other key items are disregarded. Therefore, it would
be helpful if disease- or substance class-specific stand-
ards were developed to overcome this challenge. The
authors suggest using a combination of well-known
standard PRO tools like EORTC QLQ-C30 and enrichments
by selected AEs from the PRO-CTCAE toolbox. This would
combine the advantages of the established instruments
with the flexibility of PRO-CTCAE thus balancing flexibility
and comparability across studies.

Categories of PRO-CTCAE should be comparable to the
AE in content, wording and coding, so that patients’ and
physicians’ views of defined symptoms can be taken into
account. It would also limit patient burden from additional
questions, thus avoiding lengthy questionnaires which
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might lead to survey fatigue [23]. Even if there is no cor-
respondence between CTCAE and PRO-CTCAE, it does
not compromise the information gathered from PRO-
CTCAE since it captures the patient’s perspective, which
does not necessarily have to align with the physician’s
perspective. In addition, discrepancies between the two
perspectives may provide valuable information. Neverthe-
less, differences might also occur due to different/insuf-
ficient reporting on either or one of the tools.
PRO-CTCAE represents a scientifically interesting concept
for capturing the patient perspective, which has been
rare in drug safety assessment. It provides an item list
for flexible combination of items for a given trial, but at
the cost of being founded on a testable measurement
model. The present publication evaluates the original
psychometric testing of the instrument and finds that
more research is needed to provide information on all
COSMIN measurement properties. Fulfilling only 1 of
10 criteria is insufficient. A novel psychometric analysis
of PRO-CTAE instrument properties, best based on new,
also international, data sets, would be desirable. We can
say that the validation reported in the 3 papers does not
give the information needed to examine if psychometric
standards are met. For PRO-CTCAE to be accepted as a
psychometrically sound instrument more in-depth and
state-of-the-art analyses are needed. An upcoming paper
will address the consecutive publications to examine the
additional evidence for psychometric performance across
trials, diagnoses, languages, and cultures. This will also
include an evaluation of further efforts undertaken, in-
cluding translation and cross-cultural validation.

Based on the need to capture the patients’ view, which
is up to now rare in drug safety studies, the present
publication evaluates the psychometric testing of an in-
strument designed to do so. The PRO-CTCAE represents
a scientifically interesting concept which is based on
single items which have been individually validated, but
not in any of their combinations. Further research should
address such more complex validation strategies and
also provide evidence for the psychometric performance
of the tool, generated from the item list, in multiple clin-
ical and cross-cultural contexts.
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