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With the advent of patient-focused drug development, the US Food and Drug Administration (FDA) has redoubled its 
efforts to review patient-reported outcome (PRO) data in cancer trials submitted as part of a drug’s marketing 
application. This Review aims to characterise the statistical analysis of PRO data from pivotal lung cancer trials 
submitted to support FDA drug approval between January, 2008, and December, 2017. For each trial and PRO 
instrument identified, we evaluated prespecified PRO concepts, statistical analysis, missing data and sensitivity 
analysis, instrument completion, and clinical relevance. Of the 37 pivotal lung cancer trials used to support FDA drug 
approval, 25 (68%) trials included PRO measures. The most common prespecified PRO concepts were cough, 
dyspnoea, and chest pain. At the trial level, the most common statistical analyses were descriptive (24 trials [96%]), 
followed by time-to-event analyses (19 trials [76%]), longitudinal analyses (12 trials [48%]), and basic inferential tests 
or general linear models (10 trials [40%]). Our findings indicate a wide variation in the analytic techniques and data 
presentation methods used, with very few trials reporting clear PRO research objectives and sensitivity analyses for 
PRO results. Our work further supports the need for focused research objectives to justify and to guide the analytic 
strategy of PROs to facilitate the interpretation of patient experience.

Introduction
Over the past decade, the US Food and Drug 
Administration (FDA) has increased its focus on patient-
centred care in drug development and regulatory decision 
making. For example, the patient-focused drug develop
ment initiative, led by the Center for Drug Evaluation 
and Research, has included FDA-led meetings on specific 
disease areas and the development of four methodo
logical guidance documents, which seek to systematically 
gather and incorporate patient perspectives on drug 
development.1 Additionally, the FDA is reviewing existing 
datasets to inform regulatory research and future 
directions for the systematic evaluation of patient 
experience data.

In alignment with the FDA’s patient-focused drug 
development effort, and in accordance with the 
21st Century Cures Act,2 the FDA is required to assess 
patient experience data that is submitted as part of a 
drug’s marketing application. FDA guidance3 defines a 
patient-reported outcome (PRO) as a type of clinical 
outcome assessment that is a measurement of a patient’s 
health condition reported by the patient without inter
pretation from the clinician or anyone else. PROs are 
becoming more common in cancer trials, supplementing 
the results of clinical endpoints, such as overall survival, 
progression-free survival, and objective response rate.4,5 
The FDA review seeks to isolate the effect of the 
intervention and minimise the risk of potential bias, and 
so it focuses the initial review of PRO data supporting 
cancer drugs on a core set of outcomes, which are 
important contributors to patient health-related quality 
of life, symptomatic adverse events, physical function, 
and disease symptoms.6

Patient experience data can provide useful additional 
information on the risk–benefit assessment of cancer 

therapies.7 However, inappropriate statistical analyses 
can lead to a biased interpretation of patient 
experience.8,9 Current challenges include appropriately 
defining a PRO research objective, handling of missing 
data, multiplicity (ie, testing of multiple outcomes), and 
clinical interpretability.3,10,11 In addition, the absences of 
standardisation in PRO analysis and reporting of 
results makes interpretation and comparison of PROs 
between cancer trials difficult.9,12 Continuing efforts to 
standardise and improve the collection, analysis, and 
reporting of PROs in trials have come from a number 
of initiatives, including the Setting International 
Standards in Analyzing Patient-Reported Outcomes 
and Quality of Life Endpoints Data for Cancer Clinical 
Trials (SISAQOL),4,9 the Consolidated Standards of 
Reporting Trials Statement PRO extension,13 and the 
Standard Protocol Items: Recommendations for 
Interventional Trials-PRO extension.14

Lung cancer remains a leading cause of cancer-related 
mortality in the USA and is a focus of newer therapeutic 
approaches, such as immunotherapy.15–17 Understanding 
the symptoms and functional effects of patients exposed 
to these new therapies is of interest to the pharmaceutical 
industry, regulators, clinicians, and patients. Thus, with 
increased attention on appropriately evaluating and 
communicating the patient experience in oncology drug 
development, our objective was to evaluate the statistical 
analysis of PROs in lung cancer pivotal trials that were 
used as the basis for drug approval by the FDA Office 
of Hematology and Oncology Products between 
January, 2008, and December, 2017. More specifically, 
we examined five aspects related to the statistical analysis 
of PROs: prespecified PRO concepts; statistical analysis; 
missing data and sensitivity analysis; instrument 
completion; and clinical relevance.

http://crossmark.crossref.org/dialog/?doi=10.1016/S1470-2045(19)30335-3&domain=pdf
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Data collection
Search strategy and selection criteria
We included new drug applications and biologic licensing 
applications approved for new lung cancer indications by 
the FDA Office of Hematology and Oncology Products 
between Jan 1, 2008, and Dec 31, 2017. MHF, JKR, and JV 
identified new drug applications and biologic licensing 
applications using internal FDA databases. Similar to the 
work by Zhou and colleagues18 and Sridhara and 
colleagues19, we excluded new drug applications and 
biologic licensing applications involving medical 
imaging products, dosing and safety labelling revisions, 
and applications for topically applied dermatological 
oncology products, Center for Biologics Evaluation and 
Research products, and Center for Devices and 
Radiological Health products. For each application, we 
identified the pivotal trial(s) that were used as the primary 
basis for FDA approval. Generally, a pivotal trial is 
considered a trial that is completed immediately before 
submission of the new drug or biologic licensing appli
cation to the FDA and is used to support efficacy claims. 
We identified PRO instruments in each trial and excluded 
PROs that were reportedly used for economic models 
because these analyses are often used to support sponsor 
submissions to payers rather than regulators and might 
be reported separately from the study reports and 
documents sent to the FDA.

We included information regarding PRO reporting and 
statistical analysis found in the protocol, statistical 
analysis plan, or clinical study report of the reviewed 
trials. If discrepancies were found between the docu
ments, information was taken first from the clinical 
study report and then the statistical analysis plan 
and then the trial protocol. Two reviewers (MHF and 
JKR) collected data using a standardised form (appendix 
pp 1–3), and any disagreements over data extraction were 
resolved by discussion or with the assistance of a third 
reviewer (JV).

We report the general characteristics of each trial, 
including whether it was randomised or single arm, 
blinding status (blinded or open-label), and the line of 
therapy (first-line, second-line and beyond, or main
tenance). We identified the sample size of the intention-
to-treat (ITT) population, defined as the total number of 
patients randomly assigned; additionally, each PRO 
instrument and PRO assessment schedule have been 
included.

Prespecified PRO concepts
For each trial and PRO instrument, we identified whether 
PRO concepts of interest were prespecified in the 
protocol or statistical analysis plan. The term PRO 
concept refers to the event being measured and 
represents how a patient functions or feels.3 We evaluated 
whether a clear rationale was provided for the choice of 
PRO concept(s) used in each trial and whether the PRO 
hypotheses were specific enough to inform the statistical 
method used for the PRO concept.14 Additionally, we 
identified whether the prespecified PRO concept was 
treated as a composite endpoint (when two or more 
components or concept scores are combined to create a 
general score), or not, in the analysis.3,20

Statistical analyses
We assessed the statistical analyses done for PROs in 
each trial (table 1). In addition, we evaluated the statistical 
analyses done for each prespecified PRO concept, 
domain, and single item by PRO instrument because 
statistical techniques often varied between instruments 
within a trial. Analyses also varied by prespecified PRO 
concept, domain, and single item within each instru
ment. Single items are defined as an individual question, 
statement, or task to address a particular PRO concept. 
Domains are made up of multiple items or domains to 
address a larger concept.3

We classified PRO analyses into four categories: time-
to-event analyses (improvement, deterioration, or main
tenance), longitudinal analyses, basic inferential tests 
or general linear models, and descriptive summaries 
(table 1). Basic inferential tests or general linear models 
were further classified into continuous or responder 
analyses. Continuous analyses were then further sub
categorised into tests by timepoint or tests of overall 
score over time. Similarly, responder analyses were also 

Example statistical methods

Time-to-event Log-rank test and Cox proportional hazards model

Longitudinal 
analysis

Generalised linear mixed model

Basic inferential test or generalised linear model

Continuous basic inferential test or generalised linear model

By timepoint t test evaluating mean change in PRO score from 
baseline at time t within the treatment group

Overall Analysis of covariance, Mann–Whitney–Wilcoxon test 
evaluating maximum improvement or worsening 
from baseline

Responder analysis basic inferential test or generalised linear model

By timepoint Logistic regression, χ² test or Fisher’s exact test 
evaluating proportion of patients who improved, 
remained stable, or deteriorated between treatment 
arms at time t

Overall Logistic regression, χ² test or Fisher’s exact test 
evaluating proportion of patients who improved, 
remained stable, or deteriorated between treatment 
arms over time

Descriptive summaries

Summary 
statistics

Descriptive mean response by treatment group at 
time t

Change from 
baseline

Descriptive mean change from baseline by treatment 
group at time t

Responder 
analysis

Descriptive proportion of patients who improved, 
remained stable, or deteriorated between treatment 
arms by timepoint or over time

PRO=patient-reported outcome.

Table 1: Classification of PRO statistical analyses

See Online for appendix
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subcategorised into tests of proportion of patients with 
an event by timepoint or overall tests of proportion of 
patients with an event over time. Summary statistics by 
timepoint, descriptive change from baseline by time
point, and descriptive responder analyses were con
sidered descriptive summaries.

In addition, we report whether a prespecified timepoint 
was used for analysis. We evaluated the PRO analysis 
populations as they might vary from the ITT population 
and whether a correction for multiple testing was done at 
the trial level and whether adjustments were made for 
testing multiple domains within an instrument.

Missing data and sensitivity analysis
We report whether a missing data method was used for 
each analysis. An analysis was said to make use of a 
missing data method if any imputation of missing data 
was specified. We assessed whether a sensitivity analysis 
for missing data was done and whether the sensitivity 
analysis results were reported in the clinical study report.

Instrument completion
Reporting the completion rate of each PRO instrument is 
part of the FDA’s strategy to examine PRO data. In 
general, PRO completion is defined as the percentage of 
patients who were still considered on study who had an 
observed PRO at a specific timepoint.21 We assessed 
whether a PRO instrument completion table was 
reported and whether the definitions of the numerator 
and the denominator used were reported to compute 
instrument completion.

Clinical relevance
The threshold for clinical relevance is defined as the 
clinically meaningful individual patient PRO score 
change from baseline over time, which should be 
determined empirically and might vary by study 
population.3 We report whether there was a threshold 
specified for clinical relevance and whether a reference 
existed that justified the threshold that was used.

Findings
Of the 37 pivotal lung cancer trials used to support FDA 
approval of a product between January, 2008, and 
December, 2017, 25 (68%) trials reported collecting 
PROs (figure; table 2). 19 trials (76%) included one or 
two PRO instruments. The median sample size of the 
ITT population from the 25 studies was 376 patients 
(range 87–1253).

Across all of the 25 trials, 53 PRO instruments 
were included, with 16 studies (64%) including the 
European Organisation for Research and Treatment of 
Cancer Quality of Life Questionnaire-core questionnaire 
(EORTC QLQ-C30),22 15 (60%) including the EORTC 
QLQ-Lung Cancer Module (EORTC QLQ-LC13),23 
eight (32%) including the EuroQoL-5D,24 seven (28%) 
including the Lung Cancer Symptom Scale (LCSS),25 
three (12%) including the Visual Symptom Assessment 
Questionnaire in anaplastic lymphoma kinase,26 
two (8%) including the Functional Assessment of 
Cancer Therapy-Lung (FACT-L),27 and two (8%) 
including the PRO-Common Terminology Criteria for 
Adverse Events28 in their analyses (table 2). All of the 
trials assessed PROs at multiple timepoints and 
assessments were generally based on the treatment 
cycle the patient was receiving.

Prespecified PRO concepts
21 (84%) of 25 trials prespecified a PRO concept. Of these 
21 trials, six (29%) provided clear rationale for the choice 
of PRO concept(s) and five (24%) provided a prespecified 
PRO hypotheses that were specific enough to inform the 
statistical method for the chosen PRO concept. A total 
of 28 instruments had prespecified PRO concepts; the 
most common concepts were cough, dyspnoea, and 
chest pain from EORTC QLQ-LC13. Nine (32%) of the 

37 eligible trials were assessed for inclusion

11 trials excluded because they did not have 
 patient-reported outcome endpoints

26 trials were reviewed in depth

25 trials included in this Review

1 trial excluded because the patient-reported
 outcome was used for economic models only

Figure: Flowchart of selected studies

Trials (n=25)

Randomised

Randomised 21 (84%)

Single-arm 4 (16%)

Blinding status

Blinded 4 (16%)

Open-label 21 (84%)

Line of therapy

First 10 (40%)

Second-line and beyond 12 (48%)

Maintenance 3 (12%)

Number of patient-reported outcome instruments included

1 6 (24%)

2 13 (52%)

3 3 (12%)

4 3 (12%)

Table 2: General characteristics of pivotal lung cancer trials used to 
support US Food and Drug Administration drug approval that have 
reports of patient-reported outcomes between 2008 and 2017
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28 instruments with prespecified PRO concepts included 
a composite endpoint (table 3).

Statistical analyses
24 (96%) of 25 trials provided descriptive summaries, 
19 (76%) carried out time-to-event analyses, 12 (48%) did 
longitudinal analyses, and ten (40%) did basic inferential 
tests or general linear models. Most of the trials did 
domain-level and item-level analyses.

Of the 53 instruments included in the 25 trials, 
28 (53%) instruments had prespecified PRO concepts, 
48 (91%) had domain-level analyses and 47 (89%) had 
item-level analyses (table 4). Seven (28%) of the 25 trials 
specified a timepoint for analysis: three (48%) specified 
12 weeks, two (29%) specified 15 weeks, and two (29%) 

specified 6 months. All other analyses were assessed over 
time or at each PRO scheduled assessment.

Based on our categories of statistical analyses, trials 
most frequently did three (range one to seven) statistical 
analyses for a single PRO instrument. The analysis 
population commonly differed across statistical methods 
within a trial. Examples of analysis populations included 
the ITT population, patients with a baseline assessment 
and at least one post-baseline assessment, and patients 
who received at least one dose of study medication and 
completed at least one assessment. Descriptions of the 
analysis populations were generally unclear or not 
explicitly detailed for each statistical method.

None of the trials included PRO endpoints in the 
statistical analysis plan to control for type I error in the 
formal efficacy analyses. Three of the 25 trials (12%) 
adjusted for testing multiple domains within an 
instrument.

Missing data and sensitivity analyses
Two (8%) of the 25 trials used a missing data method 
in their primary PRO analyses. More specifically, 
four domain-level and two item-level analyses used 
multiple imputation for the descriptive responder 
analyses. It was assumed that all other analyses used all 
available data. Three (12%) trials reported sensitivity 
analyses for missing PRO data in the statistical analysis 
plan. Sensitivity analyses included pattern-mixture 
models, control-based multiple imputation, and multiple 
imputation based on reasons for missing data. No results 
of sensitivity analyses for missing data were reported in 
the clinical study report.

Instrument completion
20 (80%) of the 25 trials reported a completion rate table 
for at least one PRO instrument. The amount of detail 
in the presentation of PRO completion prevalence 
ranged widely across the trials. For example, one clinical 
study report included a brief mention of the number 
of completed PROs, while another included detailed 
tables of completion rates accompanied by reasons for 
missingness by instrument, treatment group, and 
treatment cycle.

The definitions of PRO instrument completion varied 
between trials, making comparison difficult across trials 
(table 5). The most common PRO instrument completion 
numerator definition used was whether a patient 
completed at least one item on the PRO instrument. The 
most common denominator definition used for PRO 
completion was the number of patients with an expected 
PRO assessment. Four (16%) of the 25 trials did not 
report an instrument completion definition.

Clinical relevance
A range of different thresholds were used to show 
clinical relevance by PRO instrument and domain 
(table 6). All reported thresholds were included in either 

Instruments with 
prespecified PRO concepts 
(n=28)*

EORTC QLQ-C30

Dyspnoea 3 (11%)

Pain 2 (7%)

Fatigue 2 (7%)

Appetite loss 1 (4%)

Cognitive function 1 (4%)

Global health status and quality of life 3 (11%)

EORTC QLQ-LC13

Cough 5 (18%)

Chest pain 5 (18%)

Dyspnoea 5 (18%)

Pain 5 (18%)

Haemoptysis 2 (7%)

Arm and shoulder pain 4 (14%)

Composite of cough, chest pain, and 
dyspnoea

4 (14%)

Composite of cough, chest pain, 
dyspnoea, and arm and shoulder pain

3 (11%)

Composite of cough, dyspnoea, and pain 1 (4%)

LCSS

Total score 1 (4%)

ASBI 4 (14%)

Each of six symptoms 1 (4%)

Each of nine items 2 (7%)

Global three-item index (symptom 
distress, interference with activities, and 
HRQOL)

1 (4%)

Composite of pain, cough, and dyspnoea 1 (4%)

FACT-L

LCS score 2 (7%)

Data are number of instruments (%) with prespecified PRO concepts. PRO=patient 
reported outcome. EORTC QLQ-C30=European Organisation for Research and 
Treatment of Cancer Quality of Life Questionnaire-core questionnaire. EORTC 
QLQ-LC13=EORTC QLQ-Lung Cancer Module. LCSS=Lung Cancer Symptom Scale. 
ASBI=Average symptom burden index. HRQOL=health-related quality of life. 
FACT-L=Functional Assessment of Cancer Therapy-Lung. LCS=Lung Cancer Subscale. 

*More than one PRO concept might have been specified in a single instrument.

Table 3: Prespecified PRO concepts
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time-to-event or responder analyses. Of the 14 trials that 
reported 10 points for clinical relevance for EORTC 
QLQ-C30, 12 cited the work by Osoba and colleagues,29 
one of which also cited the further work by Osoba and 
colleagues,21 with the other two trials not providing any 
justification. Of the 12 trials that reported 10 points for 
clinical relevance for EORTC QLQ-LC13, nine cited 
Osoba and colleagues,29 with three not providing 
justification. Two trials specified a five point threshold 
and did not provide justification. Of the seven trials that 
included the LCSS, two trials reported 10 points, with no 
citation for reference; four reported 15 points, with two 
citing the work by de Marinis and colleagues30—the 
other two trials did not provide justification; and one 
reported a 25% change from baseline with no citation 
for reference. For the two studies investigating FACT-L 
PROs, both reported thresholds for the Lung Cancer 
Subscale and Trial Outcome Index and cited Cella and 
colleagues.31

Conclusion
This Review of PRO statistical analysis methods in 
pivotal lung cancer trials that have supported FDA drug 
approval between January, 2008, and December, 2017, 
shows that trials often do not provide a clear rationale for 
prespecified PRO concepts and that a wide range of 
statistical techniques were done, resulting from an 
absence of clear PRO research objectives. The wide-
ranging types of PRO analyses make understanding how 
different therapies might affect clinical outcomes, which 
are important to clinicians and patients, difficult. 
Sensitivity analyses for missing data were usually not 
specified, leaving the potential effect of incomplete forms 
and missed visits unclear. Additionally, variability in the 
definitions of instrument completion rates existed, 
which makes determining the quality of the data, the 
effect of missing data, and trial comparisons difficult to 
discern for regulators. Efforts at the FDA are underway 
to standardise the reporting of completion rates for 
review of risk–benefit assessment.

Compared with a 2018 systematic review of PRO 
analyses in 66 advanced breast cancer randomised trials 
(reported from 2001 to 2017),9 the trials included in this 
Review used time-to-event analyses (19 [76%] of 25 lung 
cancer trials vs 6 [9%] of the 66 breast cancer trials) and 
mixed-models (12 [48%] of the lung cancer trials vs 
18 [27%] of the breast cancer trials) more frequently.9 
A lower percentage of lung cancer trials (four [16%]) 
did continuous basic inferential tests or general linear 
models compared with the breast cancer trials (20 [30%]).9 
As the focus has shifted to include trials that report PROs 
to support FDA drug approval since 2008, it is possible 
that our findings might reflect the growing recognition 
of the need to move beyond descriptive analytical 
approaches, particularly if labelling is sought. Moreover, 
a higher percentage of lung cancer trials (23 [92%] of 25) 
proposed a threshold for clinical relevance compared 

with the breast cancer trials (28 [42%] of 66), although 
justification for the specific study population was 
not always appropriate. For example, the Osoba and 
colleagues29 definition was applied beyond the original 
concepts for which it was examined (physical functioning, 
social functioning, emotional functioning, and global 
quality of life on the EORTC QLQ-C30). The threshold 
for clinical relevance should be assessed in the context 
of the target population or other characteristics of 
the trial design.3

Instruments with 
prespecified PRO concepts 
(n=28)

Instruments with 
domain-level 
analyses (n=48)

Instruments with 
item-level analyses 
(n=47)

Time-to-event 23 (82%) 13 (27%) 12 (26%)

Longitudinal analysis 10 (36%) 21 (44%) 17 (36%)

Basic inferential test or 
general linear model*

7 (25%) 19 (40%) 17 (36%)

Continuous 0 7 (15%) 6 (13%)

By timepoint 0 4 (8%) 4 (9%)

Overall 0 3 (6%) 2 (4%)

Responder analysis 7 (25%) 13 (27%) 12 (26%)

By timepoint 2 (7%) 1 (2%) 1 (2%)

Overall 5 (18%) 12 (25%) 11 (23%)

Descriptive summaries* 15 (54%) 44 (92%) 43 (92%)

Summary statistics 2 (7%) 34 (71%) 31 (66%)

Change from baseline 7 (25%) 31 (65%) 25 (53%)

Responder analysis 9 (32%) 22 (46%) 19 (40%)

Data are number of instruments (%) with analyses of prespecified PRO concepts, domains, and single items. 
PRO=patient-reported outcome.*Trials may have performed more than one type of analysis in this category.

Table 4: Statistical analysis of prespecified PRO concepts, domains, and single items of the 25 trials 
reviewed

Trials (n=25)

Completed questionnaire/expected 4 (16%)

Completed questionnaire/did not fill out treatment 
completion page

1 (4%)

Completed 50% of questions/expected 1 (4%)

Non-missing subscale/expected 2 (8%)

Completed at least one item/expected 4 (16%)

Completed at least one item/all patients filled out 
instrument patient-reported outcome pages at each 
cycle

2 (8%)

Completed at least one item/unclear 2 (8%)

Received questionnaire/expected 2 (8%)

Unclear/expected 1 (4%)

Unclear/all patients with baseline and at least one post-
baseline assessment

1 (4%)

Unclear/unclear 1 (4%)

Patient-reported outcome instrument completion was 
not reported

4 (16%)

Data are trials with patient-reported outcomes. The table shows 
numerator/denominator. Expected=all patients who were expected to have a 
patient-reported outcome assessment. Unclear=the definition of the 
numerator or denominator was not clear in the documentation.

Table 5: Definitions of patient-reported outcome instrument completion
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An additional concern is the small number of 
sensitivity analyses done for missing data to assess the 
effect of assumptions made in the primary analysis of 
PRO data. Missing data occur frequently in cancer 
studies, and the amount of missing data might be 
higher in cancer trials than in other therapeutic areas 
because of the serious toxicity and morbidity associated 
with cancer therapies.11,32,33 Missing data decrease 
statistical power of a trial and can lead to biased results 
of patient experience.10 Because patient experience 
endpoints are used to help inform decision making 
for regulators, patients, and clinicians, such bias 
is concerning because it might have substantial 
implications for patients. Although many statisticians 
have recommended doing sensitivity analyses for 
missing data,34–36 most trials do not report such analyses 
for PROs. In addition to minimising missing PRO data 
and using appropriate methods that handle missing 
data in the PRO primary analysis, a few suitable 
sensitivity analyses for missing data should be 
prespecified to evaluate whether primary PRO results 
are robust to missing data assumptions.

Furthermore, open-label studies are common in cancer 
trials, as reflected by our findings and previous assess
ments of trials to support FDA product approval.37 
Concerns exist that open-label designs might contribute 
to bias;3 thus, sensitivity analyses might be especially 
important in open-label trials. These challenges are 
increasingly recognised by international drug develop
ment stakeholders, and we support ongoing efforts—
such as SISAQOL4,9 and ICH E9 (R1)20—that promote the 
standardisation of analytical methods and greater use of 
prespecified sensitivity analyses.

Another component of addressing missing data is 
understanding the extent of missingness. While the 
description of attrition in the ITT population (missing 
data) and patients completing their assessments 
(completion rate) is an important step in a rigorous 
analysis, our study identified wide variability in the 
presentation of PRO instrument completion, as well as 
the definitions used for completion, across the reviewed 
trials. This variability presents a substantial challenge to 
cross-trial comparisons, but one that is perhaps easiest to 
standardise across all cancer trial settings. Indeed, using 
standardised definitions for and presentation of missing 
data and completion rates are key goals of initiatives such 
as SISAQOL. In addition, documenting reasons for 
missing PRO data can also be informative for assessment 
and sensitivity analysis.

Aside from completion rate and missing data, no single 
analysis or data visualisation technique exists that will 
address all PRO research objectives.7,11 Thus, the objective 
of the PRO analysis should be carefully defined within 
the context of the trial to guide appropriate statistical 
methodology and interpretation of patient experience.7,14 
Clear definitions of the research objective as well as the 
analysis population are important for all endpoints, 
including PROs.36 Clear specification of the PRO research 
objective includes providing a clear rationale for PRO 
concept(s) of interest in a trial, which we found to occur 
relatively infrequently in the studies under review. 
Prespecifying PRO concepts might help to address the 
challenge of multiplicity in hypothesis testing when 
PROs are included in the statistical hypotheses testing 
plan to control for type I error.38 For example, although all 
the functional concepts of the EORTC QLQ-C30 might 
be assessed, if the research objective targets maintenance 
of physical function as the concept of interest it can be 
prespecified and elevated in the hierarchy of statistical 
hypotheses testing.

Prespecified PRO concepts might be composite end
points, which is another strategy for alleviating the issue 
of multiplicity. However, composite endpoints might 
present interpretation challenges if the individual com
ponents have differences in importance, frequency, or 
treatment effects.3,39 Therefore, justification of com
bining components and examination of the treatment 
effect on individual components are important to avoid 
misleading interpretation of patient experience. An 
example of this is provided in the FDA-approved drug 
ruxolitinib, where a total symptom score composite was 
statistically tested, but the component symptoms were 
also presented in the FDA product label to provide 
additional information on whether any one symptom 
was driving the result.40

This Review has several limitations. The findings are 
restricted to pivotal lung cancer trials submitted to the 
FDA and do not represent all clinical cancer trials. Since 
the focus on patient-focused drug development has 
grown, the emphasis of trial results has been placed on 

Instruments

EORTC QLQ-C30 (n=16)

10 points 14 (88%)

Not defined 2 (13%)

EORTC QLQ-LC13 (n=15)

10 points 12 (80%)

5 points 2 (13%)

Not defined 1 (7%)

LCSS (n=7)

10 points 2 (29%)

15 points 4 (57%)

25% 1 (14%)

FACT-L (n=2)

2 points (LCS), 6 points (TOI), 6 points (total score) 1 (50%)

3 points (LCS), 6 points (TOI), 6 points (total score) 1 (50%)

Data are n (%). EORTC QLQ-C30=European Organisation for Research and 
Treatment of Cancer Quality of Life Questionnaire-core questionnaire. 
EORTC QLQ-LC13=EORTC QLQ-Lung Cancer Module. LCSS=Lung Cancer Symptom 
Scale. FACT-L=Functional Assessment of Cancer Therapy-Lung. LCS=Lung Cancer 
Subscale. TOI=Trial Outcome Index.

Table 6: Specified thresholds of clinical relevance for patient-reported 
outcomes
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providing more comprehensive feedback on endpoints 
related to patient experience in cancer trials submitted to 
the FDA. This subset of cancer trials included those that 
received clinical and statistical feedback from the FDA 
during protocol development and this might explain 
some of the differences found between this Review and 
previous studies.9 In addition, we excluded dosing and 
safety revisions; thus, it is possible that some approvals 
associated with lung cancer were not included in our 
analysis. Therefore, the generalisability of these findings 
to other cancer trials that are not intended to support a 
marketing application, trials in other tumour types, and 
non-cancer trials is not clear. However, the issues we 
identified regarding missing data have been frequently 
reported in reviews of randomised clinical trials in other 
tumour types.41–46

Despite these limitations our Review did have several 
strengths. Most previous studies are based on publi
cations9,35,41–46 or protocols,47,48 but the data resources 
available at the FDA allowed for the examination of 
protocols, statistical analysis plans, and clinical study 
reports. Furthermore, although PRO completion has 
been assessed in numerous studies,48,49 to the best of our 
knowledge, this Review is the first to examine how PRO 
completion is defined and to show the wide variability in 
what could otherwise be considered a relatively standard 
definition of PRO completion. These findings suggest 
that publications should include a clear definition of the 
completion rate used as well as the completion rate, 
when reporting on this topic.

In conclusion, this Review has identified key issues in 
the statistical analysis of PRO endpoints in lung cancer 
trials supporting FDA drug approval. As more trials are 
likely to include PRO endpoints following the 
21st Century Cures Act,2 which encourages the assess
ment of patients’ experiences when they receive therapy, 
and pharmaceutical investment in cancer research 
continues to grow, addressing these issues will be 
important considerations in future cancer trials.
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