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In developing anti-cancer therapies, the gold

USA standard question clinical trials have historically

sought to answer is: what is the impact of the

experimental therapy on patients’ overall sur-
vival? However, as sponsors have looked toward
bringing new therapies to patients more quickly,
this has translated into more frequent use of sur-
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rogate endpoints as the primary clinical trial end-
point. A surrogate endpoint is defined as “an
endpoint that is used in clinical trials as a substi-
tute for a direct measure for how a patient feels,
functions or survives” [1]. In other words, surro-
gate endpoints should reliably predict clinically
meaningful effects. One of the most frequently
used surrogate endpoints in oncology is
progression-free survival (PFS). The concern
with the use of PFS is that the relationship
between PFS and overall survival, the clinical
endpoint PES is a surrogate for, is variable [2].
While overall survival is straightforward to cap-
ture, interpretation of the results can be compli-
cated by crossover trial design, and in cancers
with long natural histories, trials are expensive
and can take decades to complete. This has led to
increasingly stronger calls by oncologists and
patient advocates to better understand “feels and
functions” via patients’ self-reported quality of
life (QoL) to better assess the impact and clinical
benefit of the therapy for patients and potentially
identify issues with therapy toxicities [3].

Both the US Food and Drug Administration
(FDA) and the European Medicines Agency
(EMA) have provided guidance to industry on
incorporating the patient voice in clinical trials. In
2006, the FDA published a draft guidance to
industry on the use of patient-reported outcomes
(PRO) in clinical trials; after public comment, this
document became a final guidance in 2009 [4],
and while a series of new guidances are under
development [5], the 2009 guidance, at the time of
writing, remains the reference document to indus-
try for the FDA. It is important to note that the
FDA guidance documents are not regulations and
are therefore nonbinding recommendations; how-
ever, these documents do describe the current
thinking at the FDA on that particular topic. They
also provide a road map to help drug developers
navigate a particular topic to ultimately gain
licensure for their products. Around the same time
as the FDA draft PRO guidance was published,
the EMA published a reflection paper on the regu-
latory guidelines for use of health-related quality
of life (HRQL) measures in the evaluation of
medical products [6]. Subsequently, the EMA
published an appendix to the Guidelines on the

Evaluation of Anti-Cancer Medicinal Products in
Man to address the use of PROs specifically in
cancer clinical trials in 2013 [7]. The FDA 2009
PRO guidance focuses primarily on assessing the
measurement properties of PRO instruments.
Sponsors can use this guidance to develop their
PRO strategy and provide appropriate evidence to
regulators that the instrument(s) included in their
clinical trial is reliable, valid, and sensitive to
change over time for the target population. The
EMA guideline appendix for anti-cancer medici-
nal products, on the other hand, focuses on end-
points and considerations related to PROs. For
example, the guideline cautions “careful thought
must go into designing and implementing PRO
measures in the oncology clinical trial setting in
order to investigate a well-formulated predefined
hypothesis” and notes that there is no standard
approach. Despite the different focuses, this EMA
advice is, for example, in line with the FDA’s fre-
quent comment to come and discuss PRO end-
points with the Agency early.

In the regulatory context, the broad umbrella
term of PROs is used to describe “‘a measurement
that comes directly from the patient about the sta-
tus of their health condition without amendment
or interpretation of the response by a clinician or
anyone else” [1]. While PROs and the concepts
of QoL and HRQL are terms that are sometimes
used interchangeably, the terms describe differ-
ent concepts from a regulatory perspective.
Broadly speaking, both HRQL and QoL are mul-
tidimensional concepts that aim to capture a per-
son’s assessment of their well-being, though
HRQL dimensions are focused on a person’s
QoL using a health lens. In the EMA 2005 reflec-
tion paper, HRQL, within the drug development
paradigm, is defined as “patient’s subjective per-
ception of the impact of his disease and its
treatment(s) on his daily life, physical, psycho-
logical and social functioning and well-being”
[6]. The FDA defines HRQL as “a multidomain
concept that represents the patient’s general per-
ception of the effect of illness and treatment on
physical, psychological, and social aspects of
life”” [4]. Using an example, a patient who reports
how bad their pain is on a 0—10 numerical rating
scale is providing a response on a PRO measure.
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If pain severity on this 11-point numerical rating
scale is the only PRO assessed in the clinical
trial, this would be insufficient to understand
patients’ HRQL because multiple domains
related to HRQL must be measured in order to
report on how a treatment might have influenced
patients” HRQL.

Regulatory advice from the FDA, EMA, and
groups such as SPIRIT-PRO [8], the PROTEUS
consortium [9], and SISAQOL [10] have pro-
vided recommendations and clear guidance that
PROs should be treated similarly to other out-
comes of interest in clinical trials. In this chapter,
we aim to bring these resources all together to
describe how PRO and HRQL data can be used to
inform regulatory assessment of new therapies.
This will include the considerations that go into
clearly defined endpoints that could be used to
assess efficacy or safety and ultimately end up in
the product label. We will describe how the use
and applicability of these data may vary with
respect to disease setting. We will review com-
monly drawn conclusions with respect to HRQL-
related endpoints in cancer clinical trials literature
and discuss why some of these conclusions are
problematic. We provide both a patient and a cli-
nician perspective and discuss how real-word
data might help fill a gap of efficacy and effec-
tiveness, as well as safety.

This chapter will enable the reader to (a) iden-
tify key guidance and guideline documents for
use of PRO data in cancer clinical trials; (b) know
what are key concepts of interest in drug develop-
ment; (c) recognize differences in how PRO data
are used by different regulatory agencies; (d)
understand how missing PRO data can influence
the interpretation of PRO results from cancer
clinical trials; and (e) hear both a patient and a
clinician perspective in relation to PRO measures
and the use of the data captured.

21.2 PRO Measures in Drug
Labeling

Historically, the FDA and EMA have used differ-
ent criteria to determine what patient-reported
data will be included in their drug label. As there

are multiple factors that can affect a person’s con-
ception of HQRL, the FDA asks that sponsors
focus on concepts that are proximal to the drug
effects, specifically of the drugs’ ability to con-
trol disease as well as the adverse effects. For the
FDA Oncology Center of Excellence (OCE), the
concepts that are considered most proximal to the
drug effect and that are broadly applicable across
all types of cancers and therapies include (1)
physical function, (2) disease symptoms, and (3)
side effects and the impact of side effects (e.g.,
bother) (Fig. 21.1). It is recognized by the FDA
OCE that distal concepts like social functioning
and emotional well-being are important to
patients, and possibly other stakeholders.
However, when assessing the benefit-risk profile
of an investigational therapy, there are non-
therapy factors (e.g., satisfaction with care, fam-
ily relationships) that contribute to these more
distal concepts, which is why the results regard-
ing these concepts are given less weight in the
overall regulatory assessment [11, 12]. The
notion of proximal and distal concepts was ini-
tially illustrated in the Wilson and Cleary model.
This conceptual model of patient outcomes inte-
grates both bio-medical and HRQL outcomes by
describing five levels containing specific health
concepts: (1) biological/physiological factors, (2)
symptoms, (3) functional status, (4) general
health perceptions, and (5) HRQL [13]. Health
concepts 2 and 3 reflect where the OCE places
their focus for PRO data. This is because the con-
cepts falling under these broad headings have
greater proximity to the disease and treatment of
that disease. This is then ultimately reflected in
what PRO label claims have been included by the
FDA in the US prescribing information (i.e., the
drug label). The EMA, on the other hand, has
included the more distal and broader concept of
HRQL in their drug labels for certain products
(i.e., summary of product characteristics
(SmPC)). The EMA has suggested that where the
treatment is intended to be palliative as opposed
to curative, the “focus of care is on promoting
and preserving quality of life” [12]. The EMA
advises that “in order to approve a global claim
that a product ‘improves HRQL, it would be
necessary to demonstrate robust improvement in



356

B. L. King-Kallimanis et al.

» Shortness of breath
*Bone pain

» Overall side effect
impact
*Diarrhea

« Ability to do strenuous
activity
« Climb stairs

Fig.21.1 Core Concepts of Interest to the US FDA Oncology Center of Excellence in Assessment of the Benefit-Risk

of Investigational Therapies [15]

all or most of these domains” [6]. In line with
this, in the new PFDD discussion document for
guidance 3, the FDA wrote “For example, if
improvement in a score for a multi-domain con-
cept (e.g., symptoms associated with a certain
condition) is driven by a single responsive item
(e.g., pain intensity improvement) whereas other
important items (e.g., other symptoms) did not
show a response, a general claim about the multi-
domain concept (e.g., improvements in symp-
toms associated with the condition) cannot be
supported” [14].

More recently, the FDA has been encouraged
via legislation (the 2012 Safety and Innovation
Act [16] and in 2016 the twenty-first Century
Cures Act [17]) to build on patient-focused drug
development and include the patient experience
in the benefit-risk assessment of new therapies
when it has been collected, even when the data
informs only exploratory endpoints. The FDA
Office of Oncologic Diseases (OOD) has been
successful in incorporating the patient experience
into their reviews. As presented by Gnanasakthy,
when there was patient experience data submitted
as part of a New Drug Application (NDA) or a
Biologics License Application (BLA), it was
incorporated into the OOD’s reviews 100% of the
time since the twenty-first Century Cures Act was
enacted [18]. However, there has been no change
in the number of labeling claims based on PRO
data since the introduction of the Cures Act. This
is mainly because the trials that have read out
their results since the Cures Act went into effect

were designed at least 3—5 years prior to the leg-
islation. This meant the PRO strategy was not
prioritized, e.g., not included in the statistical
hierarchy, for achieving a labeling claim.

In a published review of the inclusion of PRO
claims in oncology drug labels, it was reported
that of the 45 indications that included PRO data
in the clinical trials, there were no oncology drugs
that included PRO data in the US prescribing
information between 2012 and 2106. This review,
however, overlooked the approval of certinib [19]
in 2014 and did not review label updates, which
lead to exclusion of crizotinib, which received
regular approval in 2013 without PRO data
included in the label. However, an efficacy label-
ing change in 2015 lead to the inclusion of PRO
data [20], highlighting how challenging it can be
to track this information. The current US prescrib-
ing information includes PRO results for both
these drugs. On the other hand, for the EMA it
was found that 21 (47%) SmPCs where results
from the analysis of the PRO data were included.
As evidenced from the respective agencies’ guid-
ance documents this is to be expected as there are
differences in the focus on how PRO data is incor-
porated into the benefit-risk assessment by the
FDA and the EMA [21].

An example of the differences in how the FDA
and EMA use PRO data in the label can be seen
with the drug, ceritinib (Zykadia), approved for
patients with metastatic ALK-positive non-small-
cell lung cancer. In Table 21.1 the language from
the FDA and EMA labels is presented
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Table 21.1 Labeling Claim Language for Ceritinib (Zykadia)

Regulatory Year

body approved Labeling language

US FDA 2014 Exploratory analyses of patient-reported outcome measures suggested a delay in time

[19] to development of or worsening of “shortness of breath” in patients treated with
ZYKADIA as compared to chemotherapy. The patient-reported delay in onset or
worsening of “shortness of breath” may be an overestimation because patients were
not blinded to treatment assignment.

EMA [23] 2015 Patient-reported outcome questionnaires (Lung cancer symptom scale [LCSS],

chemotherapy arm).

EORTC-QLQ-C30 [C30], EORTC QLQ-LC13 [LC13], and EQ-5D-5L) were
completed by 80% or more of patients in the ceritinib and chemotherapy arms for all
questionnaires at most of the time-points during the course of the study.

Ceritinib significantly prolonged time to deterioration for the pre-specified lung
cancer-specific symptoms of interest of cough, pain, and dyspnea (composite
endpoint LCSS: HR = 0.61, 95% CI: 0.41, 0.90, median time to deterioration [TTD]
NE [95% CI: 20.9, NE] in the ceritinib arm versus 18.4 months [13.9, NE] in the
chemotherapy arm; LC13: HR = 0.48, 95% CI: 0.34, 0.69, median TTD 23.6 months
[95% CI: 20.7, NE] in the ceritinib arm versus 12.6 months [95% CI: 8.9, 14.9] in the

Patients receiving ceritinib showed significant improvements over chemotherapy in
general Quality of Life and global Health Status measures (LCSS [p < 0.001],
QLQ-C30 [p < 0.001], and EQ-5D-5L index [p < 0.001]).

(Table 21.1). In the US prescribing information
from the FDA, the description of the results is
limited in detail (e.g., no primary measures of
interest such as point estimates, confidence inter-
vals, or p-values). The FDA label also highlights
that the analyses conducted were exploratory and
may even be biased because of the trial design.
The results presented focus on delay of onset or
worsening of the symptom “shortness of breath,”
fitting with the use of concepts that are proximal
to the drug effect. The description is also consis-
tent with the advice provided by the FDA regard-
ing inclusion of multiple endpoints, such that no
point estimates are provided from exploratory
analyses. Broadly speaking, the FDA, in their
multiple endpoints’ guidance, suggests that for
an endpoint to be considered for inclusion in the
drug label, the endpoint needs to be included in
the endpoint hierarchy (i.e., prespecified and with
multiplicity adjusted for). This is to overcome
Type 1 errors, or in other words, false-positive
findings [22]. Exceptions have been made to
include exploratory analyses such as the current
example for ceritinib, but the details presented in
the drug label are generally limited. In the case of
ceritinib, the information provided on “shortness
of breath” comes from two randomized clinical

trials. In both trials, the same conclusion regard-
ing “shortness of breath” was drawn and the
results were considered not to be a false-positive
finding and therefore included descriptively in
the US prescribing information.

On the other hand, the EMA included in their
SmPC the point estimates, confidence intervals,
and p-values. These results came from the delay
of onset analyses, where the dependent variables
were worsening of the symptom composite score
from the Lung Cancer Symptom Scale as well as
acomposite score from the European Organisation
for Research and Treatment of Cancer, lung mod-
ule (EORTC QLQ-LC-13). In addition, in the
EMA SmPC, improved QoL was reported for
patients treated in the ceritinib arm.

The results presented in the FDA and EMA
ceritinib label are not even from the same models
described differently; the results are from com-
pletely different analyses. In the SmPC, the
results are from time to event models, where the
dependent variables are composite scores. For
example, SmPC include the concepts of cough,
pain, and dyspnea, whereas the results presented
in the FDA label only address the concept of
“shortness of breath.” Though the names of the
questionnaires are not provided in the FDA label,
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both the LC13 and LCSS questionnaires include
items that measure “shortness of breath”; there-
fore, the results could be either from instrument
or from both with the same trend in the results.
The EMA labeling text does not specifically
address time to deterioration in the concept of
“shortness of breath.” The results are for compos-
ite scores, and from the SmPC alone, it is not pos-
sible to know whether cough, pain, and dyspnea
were all improved in similar magnitude the treat-
ment arm, as is suggested in the EMAs reflection
paper on HRQL [6].

There is no single way to approach the inclu-
sion of PRO results in a drug label though it could
be argued that neither of these examples for ceri-
tinib are ideal for health care providers and
patients. While there are a few reasons for this, an
important one is the result of there being limited
standardization for PRO endpoints; with stan-
dardization comes the ability to summarize find-
ings briefly. It is hard to imagine how this PRO
information would be conveyed by a clinician to
a patient. In the US prescribing information,
there is no information on how long shortness of
breath was delayed. In the SmPC, there is no
information on whether all the symptoms in the
composite were delayed or whether one or two of
the symptoms led to increased delay. Later in the
chapter we present a template for thinking about
a standardized presentation of patient-reported
symptom data and discuss the FDA OCEs pilot
Project Patient Voice [24].

Examples of PRO Data Supporting
Approval There are two examples in the US
where patient-reported information was consid-
ered a marker of how patients feel, function and
survive, and were part of the primary support for
regulatory approval. In 1996, gemcitabine
(Gemzar) was approved for “the first-line treat-
ment of patients with advanced (nonresectable
Stage II or Stage III) or metastatic (Stage IV)
adenocarcinoma of the pancreas.” In the pivotal
trial, the primary endpoint was “clinical benefit
response,” a composite endpoint, which was
defined by the trial sponsors as “based on analge-
sic consumption, pain intensity, performance sta-
tus and weight change.” More specifically,

patients were considered to have a response if
they “showed a >50% reduction in pain intensity
(Memorial Pain Assessment Card) or analgesic
consumption, or a 20-point or greater improve-
ment in performance status (Karnofsky
Performance Scale) for a period of at least 4 con-
secutive weeks, without showing any sustained
worsening in any of the other parameters OR the
patient was stable on all of the aforementioned
parameters and showed a marked, sustained
weight gain (>7% increase maintained for >4
weeks) not due to fluid accumulation.” The FDA
reviewers acknowledged that “the clinical benefit
endpoint measured in this study are “published
and recognized as valid, reproducible, and reli-
able...”” [25]. However, this was the only time
this novel endpoint was used for regulatory deci-
sion making.

The other example is for ruxolitinib (Jakafi),
which was approved for the treatment of patients
with intermediate- or high-risk myelofibrosis,
including  primary  myelofibrosis,  post-
polycythemia vera myelofibrosis, and post-
essential thrombocythemia myelofibrosis. The
FDA decision was based on the reduction of both
spleen volume and the six-item PRO measure
total score of disease-related symptoms. The end-
point was defined as “The proportion of subjects
who have a 50% reduction from baseline to Week
24 in the total symptom score” using the
Myelofibrosis Symptom Assessment Form ver-
sion 2 (MFSAF v2.0). The FDA noted in their
review summary that this improvement is “poten-
tially a direct measure of clinical benefit” and
concluded that “These endpoints provide
evidence of both a biologic effect of ruxolitinib
and a direct patient benefit” [26].

Each of these clinical trials illustrate that there
is potential for patient-reported information to
support regular approval of new anti-cancer ther-
apies. Use of PRO data was planned during the
design and development of both studies. In the
case of ruxolitinib, the sponsors requested a spe-
cial protocol assessment, which led to the FDA
agreement that the novel endpoint proposed in
the protocol would be acceptable for consider-
ation of approval. For PRO data, and really any
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data collected during a clinical trial to be mean-
ingful in the benefit-risk assessment of a new
therapy, careful forethought is required to ensure
that the design will answer the intended research
question.

21.3 Efficacy Vs Safety/
Tolerability

The benefit-risk assessment of any new therapy
recognizes there is, at times, a tradeoff between
increased therapeutic benefit and increased risk
of adverse events/toxicity, which is especially
true in the evaluation of new oncology therapies.
If the risk is acceptable given the benefit (i.e., the
primary endpoint was met and the safety profile
acceptable) of a new therapy, the therapy is
approved. Data capturing the patient experience
while on the clinical trial can be used in cancer
drug development to answer questions about
therapeutic benefit by way of efficacy hypotheses
(e.g., ruxolitinib (Jakafi). The results are then
presented in Sect. 14 Clinical Studies of US pre-
scribing information) or questions about risk
with respect to symptomatic adverse events (e.g.,
crizotinib (Xalkori), results presented in Sect. 6
Adverse Reactions of the US prescribing infor-
mation) and tolerability.

In all advanced oncology trials, there is a place
for the use of PROs to assess tolerability of the
new therapy from the patient perspective because
many common adverse events are unobservable
(e.g., fatigue, nausea), making patient report a
reliable means to understand these symptomatic
effects [27]. The analysis of this data will likely
be descriptive in nature, and care should be taken
in the selection of an appropriate number of
items. For example, while the National Cancer
Institute’s PRO Common Terminology Criteria
for Adverse Events (PRO-CTCAE) [28] mea-
surement system includes 124 items representing
78 symptomatic toxicities, the inclusion of all
these items in a single trial is neither necessary
nor good practice. As not all these items are
needed in a single clinical trial, sponsors can
work to identify a set of items that strike a bal-
ance between capturing relevant symptoms,

avoiding ascertainment bias, and not over bur-
dening trial participants. This can be achieved by
using the free text option, and software is avail-
able where dropdown options populate with
terms from the PRO-CTCAE library as well as
MedDRA Lowest Level Terms [29]. The FDA
OCE Excellence launched in 2020 a pilot project,
Project Patient Voice, to provide a Web-based
platform for healthcare providers to look at
patient-reported symptom data collected from
cancer clinical trials in order to discuss them at
the point of care with patients and their caregiv-
ers [24]. The plan is to make this an option to
cancer clinical trial sponsors to present their trial
data when they have rigorously collected patient-
reported symptom data. Efficacy endpoints, on
the other hand, must be included in the endpoint
hierarchy to be fully described in the US pre-
scribing information. In a review of 25 lung can-
cer clinical trials used to support FDA drug
approval between January 2008 and December
2017, no PRO endpoints were included in the
efficacy hierarchy where type I error is controlled
for [30].

Whether assessing an efficacy or safety
research question, the objective and endpoint
should be clearly described in the study protocol
[31]. Also, the assessment frequency of a valid
and reliable PRO measure should be appropriate
for the endpoint. For example, if the treatment
administration is intravenous infusion once every
28 days, asking patients to report their side effects
over the past 7 days on day 1 of a cycle (i.e.,
28 days after their last infusion) is unlikely to
provide a realistic snapshot of the acute side
effects that were experienced by patients. By day
1 of a new cycle, most side effects will have
resolved. The most relevant time to ask may be
around 5-7 days post-infusion, which would pro-
vide the most information for a safety/tolerability
endpoint. However, typically the capture of PRO
measures is tied to clinic visits, primarily to
improve completion rates. This tradeoff between
completion and optimal timing of the concept
must be weighed, though electronic PRO mea-
surement could in theory overcome the tying of
assessments to clinic visits and can be done well,
it is not without its own set of challenges [32, 33].
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For example, if using the patient’s own device,
sometimes referred to as “bring your own device,”
there may be storage issues or updates to the
operating system that can impact how PRO data
is collected on the patients’ own device that will
require careful planning in the protocol.

21.4 What QoL Results Are
Reported in the Literature

Primary clinical trial manuscripts describing the
results of cancer clinical trials rarely include
PRO results; however, there may be another man-
uscript published to describe the findings from
the PRO data. In a literature review of PRO-
focused manuscripts published between January
1, 2017, and December 31, 2018, it was found
that while 93% of the papers reviewed included a
PRO-related endpoint, only 33% tested a specific
directional hypothesis [34]. In a systematic
review of breast cancer clinical trial manuscripts
published between January 2001 and October
2017 reporting PRO data, the majority of papers
reviewed included a PRO endpoint. However,
only 12% of these papers reported testing a direc-
tional hypothesis. The authors make an important
point that the lack of a clear hypothesis can lead
to the use of different analytic techniques that
have the potential to lead to different conclu-
sions. A clear research hypothesis helps in all
stages from trial design to data analysis and
finally to interpretation and translation of the
results [8].

The results of PRO/HRQL analyses are often
translated to a broad conclusion of no or small
differences in HRQL or functioning between the
clinical trial arms despite observing notable dif-
ferential toxicity. An example of such a conclu-
sion from a phase III randomized clinical trial of
men with metastatic castration-resistant prostate
cancer stated “mean changes from baseline in the
FACT-P subscales were similar in both treatment
groups, indicating that the addition of apalu-
tamide to androgen deprivation therapy did not
result in a decrease in HRQOL” [35]. This exam-
ple is not intended to call out these particular
authors, as Merzoug et al. found that 73% of the

papers they reviewed came to the conclusion that
the HRQL concepts assessed in the investiga-
tional arm were either better or the same as in the
control arm [34]. In other words, the majority of
the published conclusions reviewed had similar
statements that study results favored the treat-
ment arm or suggested equivalence between the
control and treatment arms.

These findings could be related to a publica-
tion bias where only positive findings are
accepted for publication. But there is also a meth-
odological challenge here. Specifically, the chal-
lenge with conclusions indicating no difference
or similar scores is that most clinical trials are not
designed to test what is more formally referred to
as an equivalence or non-inferiority hypothesis
with respect to the PRO data [36]. What the
authors are actually reporting is the absence of an
effect or that the null hypothesis cannot be
rejected. However, in trials that aimed to test
superiority hypotheses (i.e., the investigational
treatment is significantly and clinically better
than the control arm treatment), we can only say
that there may be no difference between the arms
or that we did not have sufficient evidence to
detect the difference when the test does not indi-
cate superiority. There are several issues that
arise in cancer clinical trials that must be consid-
ered and factored into the analysis and interpreta-
tion of absence of effect findings.

Two serious issues affecting the analysis and
interpretation of PRO data are missing data and
asymptomatic withdrawal. Missing data in can-
cer clinical trials is common. There can be miss-
ing items (i.e., items that a patient skipped) or
missing assessments (i.e., the patient did not
complete the PRO assessment and therefore no
items were completed). Missing assessments are
important to assessing data quality, and if not
presented in the clinical study report, the FDA
will likely send an information request to obtain
the completion rates. Completion, in most trials,
is defined as the proportion of on-study partici-
pants who were scheduled to complete a PRO
assessment and filled in at least one question.
While prevention of missing data is the best strat-
egy, two low-burden actions that can be taken to
improve interpretation in the face of missing data
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were suggested in 1998 by Bernhard et al. [37].
First, collection of the reason for missing data
helps researchers determine the mechanism of
the missing data. For example, the EORTC uses
the following reasons for missing assessments:
patient felt too ill; clinician or nurse felt the
patient was too ill; patient felt it was inconvenient
or took too much time; patient felt it was a viola-
tion of privacy; patient did not understand the
actual language or was illiterate; administrative
failure to distribute the questionnaire; not
required at this time point; other, specify; and
unknown [38]. The other issue is that all clinical
study reports could include the answers to the
following three questions:

1. How many missing data were there?

2. Why were the data missing?

3. How might the missing data affect the inter-
pretation of the results? [37]

Answering these three questions helps contex-
tualize the PRO data findings. For example, if by
month 3, only 60% of trial participants on either
arm completed their PRO assessment, the gener-
alizability of the results is limited. When the
driver for missing assessments is sicker patients,
this will likely lead to an overestimation of
HRQL. Understanding why data are missing
would further help regulators incorporate PRO
findings into their benefit-risk assessment.

With asymptomatic withdrawal, it could be
that in both arms 95% of participants who were
scheduled to complete a PRO assessment did so,
but that by month 6, only 30% of those random-
ized to the control arm remained on-treatment,
whereas 70% of those in the treatment arm were
on-treatment. This is problematic because in
many trials PRO data collection stops when treat-
ment ends. If PRO data collection continues post-
treatment, it is often collected at less frequent
intervals than while on study treatment and the
quality of the data may be low (e.g., low comple-
tion rates). Asymptomatic withdrawal can intro-
duce bias because there is only PRO data from
the patients who were able to tolerate the control
arm treatment and they remained on trial and the
patients who experienced side effects or whose

disease progressed withdrew earlier, and there-
fore, no PRO data was collected in the post-
treatment epoch. This means that the PRO data is
not missing at random [39]. One way to poten-
tially mitigate this bias would be to pick a rele-
vant time point in the treatment course where all
patients complete a PRO assessment regardless
of whether they remain on treatment or not and
prioritize collection of that data.

Another important element for overcoming
interpretation issues is pre-specification of well-
defined PRO endpoints. In trials where PRO data
is collected, the associated endpoint is not often
detailed, for example, a frequently used endpoint
is that PRO data will be examined between the
arms [8, 40]. The Standard Protocol Items:
Recommendations for Interventional Trials in
Patient Reported Outcomes (SPIRIT-PRO) recom-
mends that “Primary, secondary, and other out-
comes, include the specific measurement variable
(e.g., systolic blood pressure), analysis metric
(e.g., change from baseline, final value, time to
event), method of aggregation (e.g., median, pro-
portion), and time point for each outcome” are
included in the study protocol [31]. The largest
barrier to this recommendation is that, as men-
tioned earlier, there are no standardized PRO end-
points for all cancer clinical trials. However,
applying the estimand framework can help trial
sponsors to structure their endpoints, including
their PRO-specific endpoints. The estimand frame-
work has been proposed by the International
Council for Harmonisation and outlined in the
E9(R1) addendum [41]. A detailed description of
this framework is beyond the scope of this book
chapter; however, the broad goal of the E9(R1)
addendum is to align trial objectives, design, anal-
ysis, and interpretation. Finally, there is an ongo-
ing multi-stakeholder project, Setting International
Standards in  Analyzing Patient-Reported
Outcomes and Quality of Life Endpoints Data
(SISAQOL) Consortium, that is aiming “to
develop recommendations for standardizing the
analysis and interpretation of patient reported out-
comes and quality of life data in cancer random-
ized trials” [42]. This initiative includes regulatory
agencies, payers, trialists, industry, academia, and
most importantly patients, with the intended result
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of standards developed using existing guidances
and guidelines to help with the design of appropri-
ate patient-centric endpoints as well as help to
translate findings so that clinicians and patients
can make sense of the results and use the results in
shared decision making.

21.5 Disease and Treatment
Context Matters

Most of the examples provided thus far have been
trials that have supported approval of new treat-
ments in the advanced stages of cancer. For many
patients with early-stage cancer, there are few
noticeable symptoms and diagnosis is made via
screening efforts or due to clinical investigations
related to another medical issue. On the other
hand, patients with advanced disease may experi-
ence a greater number of disease-related symp-
toms. Therefore, just as we see disease-free
survival, and not overall survival, used as a pri-
mary clinical endpoint in adjuvant trials, the PRO
endpoints need to be different. For example, it
may be reasonable in a trial investigating a new
treatment for metastatic castrate-resistant prostate
cancer to use a PRO endpoint where time to pain
palliation is investigated [43]. This is because for
there to be pain palliation, patients must start the
trial with a certain degree of pain (usually >3
points on a 0—10 numerical pain rating scale) [44]
and therefore baseline pain should be included in
the inclusion criteria. In the adjuvant setting
where patients are unlikely experiencing pain
before treatment, it would not be possible to
recruit patients into the trial. Patient-centric end-
points in the early-stage setting are an area that is
continuing to develop. What remains the same
though for both settings is understanding safety
and tolerability of the investigational treatment.

21.6 Patient Perspective - Lee
Jones

PROs are becoming more expected to be mea-
sured and reported in the clinical trial component
of drug development. This is due on part to the

requirements for “beneficence” in clinical trials,
but also due to the importance of QoL consider-
ations for patients on clinical trials as well as in
post-approval clinical care.

The relationship between PROs and QoL is
not always easy to determine. QoL is totally
patient-centric, no two patients will consider the
exact same experiences when asked to rate their
QoL. This is because every patient is different in
terms of sex at birth, gender identity, age, body
structure, racial and ethnic background, genetic
profile, and economic background among others.
As a result, they will react differently to drug
treatments clinically, emotionally, and intellectu-
ally. Clinical side effects can range from inconve-
nience to death. Emotional side effects can range
from calm acceptance to clinical depression.
Intellectual side effects can range from stoic
acceptance to obsession. These differing reac-
tions can result in differing pain thresholds and
ability to accept and withstand whatever side
effects they may be experiencing and will have a
major impact on patients’ real experience of
symptoms and side effects, and their perceived
impact on QoL. For example, diarrhea might be
an inconvenience for a retired patient, but for a
stage performer, it could dramatically affect their
ability to work and thus negatively impact their
QoL.

Patients will also differ in their short- and
long-term objectives regarding their treatment.
One patient may want to experience no treatment
side effects, another may be willing to do any-
thing to be able to live until their son’s or
daughter’s wedding, and another may be willing
to suffer anything for the best chance of long-
term survival.

As a result of these differences, defining
“quality of life” in a way that would apply to all
or even most patients is very difficult. Most of
what is measured today and that affect treatment
decisions are clinical outcomes (e.g., laboratory
values) for which the healthcare establishment
has determined thresholds that are used to define
“tolerability.” This is even less relevant to many
patients since clinical trials do not enroll patients
that represent every combination of these indi-
vidual characteristics so only when the drug is
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approved for use in the real world is the real
“testing” conducted.

Despite these considerations, QoL is a critical
endpoint in the drug development process.
Though the results will not be definitive and
applicable to every patient, giving patients the
range and scope of the factors that affect QoL
will offer some comfort if and when they experi-
ence any of these same effects. Ultimately, it may
be possible to give patients a “Chinese menu” of
treatment options, with varying efficacies and
side effects, so each patient can, in a shared
decision-making process with their doctor,
choose the treatment that will best take into con-
sideration both the clinical effects of the drug and
the feelings, goals, and needs of the patient. We
have fleshed out a hypothetical example at the
end of this section.

It is also likely that different data presenta-
tions of PRO/QoL concepts could be used, one
set as part of the regulatory process, to measure
the statistical difference between study arms and
another set for patient decision making, where a
different focus might be important, and the pre-
sentation of the data quite different. The former is
primarily quantitative, the latter primarily
descriptive and much more effectively presented
visually so that patients do not need to under-
stand statistics, for example, hazard ratios and
95% confidence intervals. An example of this
might be peripheral neuropathy. For regulatory
purposes, the CTCAE grade is important and
how the proportions between treatment arms dif-
fer. However, for patients the grade may be less
important, but knowing the length of time they
might experience the symptom may be more sig-
nificant—an intense, short-term bout may be of
less concern than a milder but longer-term expe-
rience which might have a greater impact on their
QoL.

One initiative underway that leads in the direc-
tion of presenting descriptive information is
being undertaken by the US FDA. This initiative,
called “Project Patient Voice,” will show, using
easy-to-understand graphics, the side effects
reported by participants in clinical trials in terms
of both timing and intensity of the effect [24].
Though currently limited to a demonstration of

the approach, this initiative has the promise of
offering patients the most realistic picture of
what they might expect to experience when
treated with the drug. In this way, each patient, in
consultation with their oncologist, will be able to
determine what combination of factors can result
in the best (or least bad) side effects based on
their unique set of attributes and perspectives.
The process is still overly complicated to be able
to be used by most patients and to be most useful
to patients it would need to include information
about patient characteristics, such as age, race,
comorbidities, and tumor mutations as well as
drug data related to efficacy, physical function,
and PROs, so that a patient could better assess the
effects of a drug on a “patient like me.” This
would become a massive database management
and data collection, retrieval, and presentation
issue that might be best handled with an artificial
intelligence application.

Cancer patients need a better way to under-
stand how the drugs available to treat their cancer
will affect them, their cancer, and their
QoL. Capturing PROs is a critical first step but
the massive amount of data that is collected needs
to be effectively managed and reported in a form
that patients can understand and use in consulta-
tion with their oncologist to determine the best
course of treatment for them. This would indeed
make the promise of personalized medicine a
reality.

21.6.1 Menu Presentation

In the face of a changing treatment landscape that
has potential for multiple treatment options,
understanding the tradeoffs between different
side-effect profiles in light of efficacy findings
would be useful for patients and healthcare pro-
viders. One could imagine a guide outlining ben-
efits and risks of the approved treatment options
next to each other for review as a shared decision-
making tool (Fig. 21.2). Information regarding
the patient’s disease, including actionable muta-
tions and biomarker information, could be fed in
via a series of questions and this would pull from
a database the relevant treatment options based
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By day __ half of the trial
participants experienced
growth in their tumor

s By day _ half of the patients
Overall Survival enrolled in the trial had died
Proportion and 95% Confidence
interval

Proportion worsening from
baseline

1. Nausea

2. Vomiting

3. Diarrhea

4. Pain

5. Appetite loss

6. Fatigue

7. Rash

8. Shortness of breath

Notes: PFS hazard ratio (95% confidence interval)
05 hazard ratio (95% confidence interval)

PRO rate: baseli

range on t

Fig.21.2 Aspirational Menu Presentation of Clinical Trial Information

on the National Comprehensive Cancer Network
Clinical Practice Guidelines.

The figure and description of our hypothetical
shared decision-making tool is aspirational, and
not currently possible to populate. Before such a
tool can be developed, there are many challenges
to overcome. However, one possible starting point
is to leverage the data presented on the FDA’s
Project Patient Voice website once more trials are
added. The symptom summary information pre-
sented in the table (worsening in symptoms from
baseline assessment), as well as information on
overall survival, PFS, and overall response rate
(ORR) from the clinical trial, could be used to
populate a tool like that presented in Fig. 21.2.

There are several limitations in relying solely
on clinical trial data that need to be considered. For
example, not all trials collect the same side-effect
data, and this would leave gaps in the table because
it might not be relevant to ask about hair loss in a
trial comparing two tyrosine kinase inhibitors
which are not known to cause hair loss. There is,
however, a core set of side effects (anorexia, anxi-
ety, cognitive disturbance, constipation, depres-

sion, diarrhea, dyspnea, fatigue, insomnia, nausea,
neuropathy, and pain) that was arrived at via an
NCI-supported consensus that could be routinely
captured [45] but requires guidance from the regu-
latory agencies to be used more extensively. There
are also challenges in comparisons of trial data.
This is because the trial data can differ due to dif-
ferences in trial inclusion and exclusion criteria.
How these limitations would be incorporated as
well as differences in the length of follow-up or
missing PRO data need to be considered and a bal-
ance struck between sufficient description and too
much description that could lead to difficulty to
understand the important take away points.
Clinical trial data is also not necessarily represen-
tative of the wider range of patients receiving treat-
ment in the community. To overcome this, the
table could be augmented with real-world data;
however, at this time, PROs systematically captur-
ing side effects are not commonplace in healthcare
systems. Finally, the hosting and maintenance of
such a tool is critical, and who should take on this
role and how any related costs should be allocated
are not clear.



21 Introduction to Quality of Life in Drug Development

365

But what is clear is that patients would benefit
significantly by having a full range of efficacy
and side-effect information so that together with
their healthcare providers they could choose a
treatment that best accords with their personal
QoL and healthcare preferences.

21.7 Clinician Perspective - Lynn
Howie

Patient-reported outcome measures can improve
the data needed for clinicians and their patients to
decide between therapies when disease-related
outcomes are similar and there is no clear therapy
that is substantially superior with respect to
disease-related outcomes. Currently, we have
very limited patient-reported data in FDA labels;
however, as noted earlier, there are some key
examples where this data has helped to inform
the severity and duration of symptoms.
Ruxolitinib, an agent for patients with myelofi-
brosis, was approved using a composite endpoint
that included a radiographic endpoint of reduc-
tion in spleen size along with a reduction in
patient-reported assessment of symptom burden
as the primary efficacy endpoint for approval.
Figure 21.3 is from the label describing the
symptom reduction observed at week 24 [26]
(Fig. 21.3). From these results, clinicians can
advise patients that about half of the patients who
receive ruxolitinib report that their symptoms are
reduced by about one half after being on therapy
for approximately 6 months. Crizotinib, an oral
tyrosine kinase therapy for those patients with
advanced lung cancer which has an ALK or
ROS-1 mutation, is associated with ocular toxici-
ties which can have a significant impact on
patient function and QoL. In both examples, PRO
data were used to characterize the frequency,
duration, and impact of symptoms on patients’
daily lives which can then be used to communi-
cate benefit as with ruxolitinib and risk with
crizotinib.

In choosing a therapy, patients and clinicians
are interested in the side effects of treatment
and how these will impact daily life. As we
know, daily persistent symptoms can be more

aggravating than more severe symptoms that
are shorter in duration [46]. For patients who
are continuing to work during treatment, it will
be important to understand the impact of thera-
pies on this aspect of their lives, as well as the
impact on other daily activities such as exer-
cise, ability to perform household tasks such as
cooking and eating meals, and patient-reported
experiences with symptomatic adverse events.
So, questions that assess the impact on these
areas will be most useful as patients and clini-
cians work to identify the best treatment for
that patient when several options are
reasonable.

Currently, we do not fully understand the
patient experience of side effects and we even
less so understand the impact on physical func-
tion and role function. We need to encourage
drug manufacturers to include assessment of
symptomatic adverse events and assessment of
treatment impact on physical and role function
in order to better understand the effect of ther-
apy on patients’ lives. This will help to provide
patients and clinicians the data needed to make
treatment decisions. In the current landscape of
global clinical trials, it will also be important
to understand how patient responses may be
affected by the social and economic structures
of the place where the patient lives. In geo-
graphical locations where there are robust
social insurance programs that allow for the
person to have job and/or economic security
despite being unable to perform their job due
to illness, the impact of side effects may be
reported differently than in those places where
the inability to perform job and other functions
can have a more significant impact on patients’
experiences.

21.8 The Future - What Role Can
Real-World Data Play
in Closing the Efficacy/
Effectiveness Gap?

Both patients and clinicians are looking for rep-
resentative data to help their patients make
informed treatment choices. One path to that is
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Fig. 21.3 Proportion of Patients with Myelofibrosis Achieving 50% or Greater Reduction in Individual Symptom

Scores at Week 24

via the use of real-world data (RWD). This has
been defined as “the data relating to patient
health status and/or the delivery of health care
routinely collected from a variety of sources.
RWD can come from a number of sources, for
example: electronic health records, claims and
billing activities, product and disease registries,
patient-generated data including in home-use
settings, data gathered from other sources that
can inform on health status, such as mobile
devices” [47].

We are currently sitting at the forefront of
the possibilities of real-world PRO data. This is
because, at the moment, widespread implemen-
tation of routine collection of PRO measures in
clinical practice is limited, which in turn limits
the use of RWD for PROs. In a systematic
review of the literature, the authors found that
only 3 of 36 articles reviewed reported on
implementation of PRO measures in clinical
practice with the goal of managing patient care;
the majority of papers reviewed were interven-

tions that were carried out in clinical practice
and used PROs to assess the success of the
intervention [48]. This review may not reflect
the true situation, as it is likely that more data is
being collected than is reported in the academic
literature. However, the collection of RWD that
can be converted into real-world evidence
(RWE) to support regulatory decision making
and possibly close the efficacy/effectiveness
gap starts with high-quality data collected in
the clinic. Assessing the quality of that data and
sharing of best practices is critical. The
International Society of Quality of Life
(ISOQOL) guidelines present some of the bar-
riers to implementation into the clinic. These
include resources, both procurement of equip-
ment (e.g., tablet for electronic capture) and
person power (e.g., establishing and sustaining
the program). Beyond these challenges, other
difficulties include standardization of collec-
tion of data and lack of best practices around
the analysis and interpretation of the data.
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To gain traction with RWD for PROs,
straightforward questions and hypotheses are
needed. RWD that describes the safety/tolera-
bility of a new therapy may have the most
immediate benefit, as these data can be used to
better describe patient-reported side-effect
experiences by subgroups (e.g., older age) of
patients that look more like the patients regu-
larly seen in the clinic. Also, many of the PRO
projects currently center around symptom
monitoring [48], meaning that there is existing
infrastructure in place to capture this data.
One of the issues that will need to be recon-
ciled around symptom data collection for drug
development is real-time monitoring versus
passive data capture. Currently in industry-
sponsored clinical trials, almost all PRO data
collection is passively collected and not
actively reviewed by the care team in real
time. This is not always clear to patients
enrolled in clinical trials [49]. However, PRO
data captured to actively monitor and manage
symptoms during routine cancer treatment has
been shown to improve overall survival [50,
51]. Acknowledging the impact active moni-
toring may have will be an important consider-
ation in the use of RWD that may be used to
generate RWE.

21.9 Conclusion

In this chapter, we have touched upon many
important issues for the inclusion of PRO
measures to represent the patient’s perspec-
tive in drug development and how that data
can be applied in clinical practice. Many of
the guidelines outlined within this chapter
should not be taken to be prescriptive. Each
study requires consideration of the specific
treatment or study population and what
research questions help inform the benefit-
risk assessment of a new therapy. However,
with careful planning of PRO endpoints, the
results are interpretable and meaningful to all
stakeholders, but especially to those who have
been diagnosed with cancer and want to make
informed choices.

21.10 Questions That Can Be Used
for Learning/Testing

* When planning a trial that will be part of a
licensing application, what patient-reported
concepts are most relevant and why?

*  What are the key considerations for timing of
patient-reported assessments when planning
the schedule of assessments?

e If planning to include a PRO label claim, what
are the key considerations for the inclusion of
PRO data in the drug label?

21.11 ATopic for Discussion That
can Be Used for Teaching

*  What are the possible implications for report-
ing different PRO results in the US prescrib-
ing information and the European summary of
product characteristics?

21.12 Further Reading List

The following list presents literature that extends
the contents of this chapter. Readers looking for
in-depth information and further material are
advised to consult the following sources.

1. US Food and Drug Administration. Guidance
for industry use in medical product develop-
ment to support labeling claims guidance for
industry. Clin Fed Regist. 2009;(12):1-39.

2. European Medicines Agency. Appendix 2 to
the guideline on the evaluation of anticancer
medicinal products in man. 2014;44(4):1-18.
Available from: www.ema.europa.eu/contact

3. Kluetz PG, O’Connor DJ, Soltys
K. Incorporating the patient experience into
regulatory decision making in the USA,
Europe, and Canada. Lancet Oncol.
2018;19(5):e267-74.

4. Calvert M, Kyte D, Mercieca-Bebber R, Slade
A, Chan AW, King MT. Guidelines for inclu-
sion of patient-reported outcomes in clinical
trial protocols the spirit-pro extension. JAMA.
2018;319(5):483-94.
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21.13 Research in Context

An important manuscript where the authors
reviewed the advanced breast cancer ran-
domized clinical trial literature between
January 2001 and October 2017, with the
aim to examine the types of analyses that
were used for the PRO data collected and
published in this peer-reviewed literature.
The authors’ search led them to review 66
papers. From these papers, it was deter-
mined that only 12% of papers presented a
predefined directional hypothesis that they
set out to test with the analyses conducted.
Over half of the papers (58%) investigated
multiple domains from the questionnaires
used, though only 16% used a statistical
adjustment to correct for multiple testing.
Nearly a quarter (23%) of papers presented
a p-value, indicating some types of com-
parative analyses were conducted, but did
not report the type of analyses that were
used to obtain the p-value(s). Most papers
(73%) did not report how missing data
were handled, which is critical as missing
data is a key issue when analyzing PRO
data from randomized clinical trials.
Completion rates at baseline were pre-
sented for 47% of papers, and for the period
where patients were on study, only 29% of
papers included completion rates. Pe et al.
provide the following example of how
missing a hypothesis, one of the most fun-
damental steps of conducting a clinical
trial, can impact the results: “if a study
aimed to measure HRQL changes over a
6-week period, a cross-sectional HRQL
analysis at 6 weeks is not equivalent to an
area under the curve analysis within the
same timeframe; in fact, these two ana-
lytical techniques could yield different
results.” Because there are no standards
with how PRO data are analyzed and
reported from clinical trials, the results
from this study are not surprising. However,
this work was carried out as a part of the
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Setting  International  Standards in
Analyzing Patient-Reported Outcomes and
Quality of Life Endpoints Data for Cancer
Clinical Trials (SISAQOL) consortium,
which will address this exact problem over
the coming years [8].
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