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Although patient-reported outcomes (PROs), such as health-related quality of life, are important endpoints in 
randomised controlled trials (RCTs), there is little consensus about the analysis, interpretation, and reporting of these 
data. We did a systematic review to assess the variability, quality, and standards of PRO data analyses in advanced 
breast cancer RCTs. We searched PubMed for English language articles published in peer-reviewed journals between 
Jan 1, 2001, and Oct 30, 2017. Eligible articles were those that reported PRO results from RCTs of adult patients with 
advanced breast cancer receiving anti-cancer treatments with reported sample sizes of at least 50 patients—66 RCTs 
met the selection criteria. Only eight (12%) RCTs reported a specific PRO research hypothesis. Heterogeneity in the 
statistical methods used to assess PRO data was observed, with a mixture of longitudinal and cross-sectional 
techniques. Not all articles addressed the problem of multiple testing. Fewer than half of RCTs (28 [42%]) reported the 
clinical significance of their findings. 48 (73%) did not report how missing data were handled. Our systematic review 
shows a need to improve standards in the analysis, interpretation, and reporting of PRO data in cancer RCTs. Lack of 
standardisation makes it difficult to draw robust conclusions and compare findings across trials. The Setting 
International Standards in the Analyzing Patient-Reported Outcomes and Quality of Life Data Consortium was set up 
to address this need and develop recommendations on the analysis of PRO data in RCTs.

Introduction
In a breakthrough report,1 the US Institute of Medicine 
highlighted patient-centred care as a crucial component 
of quality health care. Patient-centred care is defined as 
“providing care that is respectful of and responsive to 
individual patient preferences, needs, and values and 
ensuring that patient values guide all clinical decisions”.1 
The incorporation of patient-reported outcomes (PROs) 
in randomised controlled trials (RCTs) is one way 
of responding to this imperative. Increasingly, PRO 
endpoints are being included in RCTs to assess clinical 
benefit alongside overall and progression-free survival.2 
A PRO is any outcome that is reported directly by 
the patient.3,4 By including PRO endpoints, such as 
health-related quality of life (HRQOL), the patient’s 
perspective is included in clinical assessment, providing 
improved patient information and supporting shared 
decision making in the development of new therapies.5,6

However, the lack of standards and clear guidelines on 
how these patient-reported data should be analysed 
and interpreted in RCTs diminishes their recognised 
and important value by making it difficult to  co mpare 
results across trials and draw conclusions about the 
patient experience of new types of cancer treatment.7 
Data generated from specific PROs such as HRQOL are 
complex because they are either multidimensional, with 
several subscales to characterise patients’ symptoms and 
their effect on a spects o f p atient f unctioning; r equire 
repeated measurements to adequately capture changes 
in these outcomes; and are prone to missing data since 

obtaining complete PRO follow-up data from all 
randomised patients can be difficult.8,9 Inappropriate 
handling of these crucial statistical issues could bias 
findings and lead to inaccurate conclusions drawn. 
Current guidelines do not provide concrete suggestions 
on how to deal with statistical issues concerning PROs 
and need to be supplemented with more detailed 
strategies on how to address these concerns.3,10

The Setting International Standards in Analyzing 
Patient-Reported Outcomes and Quality of Life Endpoints 
Data for Cancer Clinical Trials (SISAQOL) consortium was 
established to respond to a clear need to develop standards, 
guidelines, and recommendations for the analysis of PRO 
data in cancer RCTs. This consortium is made up of a wide 
range of international experts, including leading PRO 
researchers and statisticians, and key individuals from 
international oncological and medical societies, advisory 
and regulatory bodies, academic societies, the pharma
ceutical industry, cancer institutes, and patient advocacy 
organisations.11 A key task identified by the consortium 
was to undertake systematic literature reviews to describe 
the current state of PRO analyses in RCTs of cancer 
treatment. In this systematic review, we examine how 
analyses of PROs (such as HRQOL) are done in RCTs, 
using anti-cancer treatments for advanced breast cancer as 
an example set of trials that are commonly seen in the 
literature. Since maintaining HRQOL is important in the 
care of patients with advanced breast cancer, we expected a 
considerable number of advanced breast cancer RCTs to 
have PROs in their assessments.12
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Data collection
Search strategy and selection criteria
We used the methodology detailed in the guidelines for 
the Cochrane Handbook for Systematic Reviews of 
Interventions13 and the results of this systematic review are 
reported in accordance with PRISMA guidelines.14 We did 
not publish a review protocol for this study. We did a 
literature search in PubMed on March 30, 2016 (updated 
on Feb 7, 2018) with the following keywords: (quality of 
life[MeSH Terms] OR quality of life[Text Word] OR patient 
reported outcomes[Text Word]) AND (advanced[All Fields] 
OR metastatic[All Fields]) AND breast cancer[Text Word] 
AND (Randomized Controlled Trial) AND (breast 
neoplasm[MeSH Terms]) AND (Clinical Trial[ptyp] 
AND (“2001/01/01”[PDat]: “2017/10/30”[PDat]) AND 
Humans[MeSH]). We identified 323 potentially eligible 
articles using this search strategy and checked the 
references of these publications for additional articles. 
Additionally, we did a Web of Science search on 
April 22, 2018 but no further articles were found.

The inclusion and exclusion criteria for the RCTs 
were similar to those of Ghislain and colleagues.15 
The inclusion criteria were articles that reported PRO 
findings from RCTs involving adult patients (≥18 years of 
age) with advanced breast cancer receiving anti-cancer 
treatments (chemotherapy, targeted therapy, endocrine 

therapy) with sample sizes of at least 50 patients. 
Advanced breast cancer refers to either metastatic breast 
cancer or locally advanced breast cancer (as defined in 
the European School of Oncology-European Society of 
Medical Oncology international consensus guidelines).12 
We only included articles published in peer-reviewed 
journals between January, 2001, and October, 2017, 
regardless of the start or completion date of the study. 
We originally considered including articles published 
from 1997 to review articles from a 20-year period; 
however, we decided to only include articles from 2001 
because of the difficulty of retrieving electronic versions 
of all identified articles published before 2001.

Exclusion criteria were any RCTs that evaluated 
psychological, supportive, or supplementary interven
tions. Supplementary treatments were defined as any 
other interventions that did not include anti-cancer 
therapy. We also excluded purely methodological or 
review publications. We did not consider quality-adjusted 
life-years endpoints as PRO endpoints. We also excluded 
publications that reported interim analyses or analyses of 
subgroups of patients (ie, subgroups within the PRO 
cohort) since we wanted to limit our reporting to top-level 
PRO results of the RCTs. The figure shows the search 
strategy flowchart and the inclusion and exclusion criteria 
used. Two reviewers (MPe and LDo) received the initial 
list of the 323 potentially eligible articles and independ
ently screened the articles on the basis of inclusion 
and exclusion criteria. 12 additional articles were 
found by manual ad-hoc checking of other publications. 
One reviewer (LDo) checked assessments by the 
two reviewers for any disagreements. Any disagreements 
were resolved through discussion. A third reviewer (CCo) 
was available when no consensus could be reached.

Evaluation process
Criteria to evaluate the assessment of statistical issues for 
PRO analysis were adapted from previous reviews16,17 with 
adjustments made to enable a more in-depth assessment. 
The initial data extraction sheet was developed by MPe and 
CCo and pilot tested on three studies that had been selected 
for analysis. MPe and LDo independently evaluated the 
three studies on the basis of the initial data extraction 
sheet. When opions differed on how a variable should be 
coded for a study, the variable definition was further 
clarified (eg, differentiation between a broad and specific 
hypothesis). Final definitions were then reviewed and 
approved by CCo and the data sheet was refined. 
This refinement resulted in 23 evaluation criteria classified 
into five broad categories: general description of the article; 
reporting of research objectives; statistical analysis and 
clinical relevance; baseline assessment; and, assessing the 
amount of, and handling of missing data (appendix). 
Two reviewers (MPe and LDo) independently evaluated all 
identified studies on this predefined checklist of 23 criteria. 
One reviewer (LDo) checked the completed data extraction 
sheets for any disagreements. In case of disagreement, the 

Figure: Flowchart for the inclusion and exclusion of RCTs
RCT=randomised controlled trial. PRO=patient-reported outcome. QALY=quality-adjusted life-year. *RCTs 
including patients with advanced and metastatic breast cancer older than 18 years, sample size more than 50, 
receiving regular oncology treatment, includes health-related quality of life data and PRO assessment, English 
manuscript, published between January, 2001, and October, 2017. 
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article was reassessed by both reviewers together. If no 
consensus could be reached, a third reviewer (CCo) served 
as a mediator to resolve disagreements. When we identified 
multiple publications of one RCT, the article with the most 
comprehensive PRO statistical reporting was included in 
the Review (appendix). Therefore, the findings we report 
in this systematic review are based on unique RCTs.

Findings
Table 1 summarises the main findings of this systematic 
review. To assess whether practices improved over time, 
results were grouped into three time periods—2001–06, 
2007–12, and 2013–17 (table 2). Details about individual 
papers18–93 can be found in the appendix.

Descriptive statistics
After duplicates were removed, we identified 335 eligible 
articles, of which 66 were eligible RCTs in advanced 
breast cancer involving 26 905 patients. No disagree ments 
occurred between the two independent reviewers. 
The sample size ranged from 66 to 1102, with an average 
of 407. From the 66 RCTs, 12 (18%) were considered to be 
practice-changing trials. An RCT was considered practice 
changing if the trial led directly to new treatment 
options, drugs receiving approval from authorities, 
expanded indication, or new combinations or schedules 
of administration. Practice-changing trials were evaluated 
by two experts in the field o f b reast c ancer ( Mariana 
Brandao and Noam Pondé [Institut Jules Bordet, Brussels, 
Belgium]), with the supervision of MPi. The most 
commonly used PRO measures were two cancer-specific 
HRQOL question naires: the European Organisation for 
Research and Treatment of Cancer QLQ-C30 (35 [53%] of 
66 RCTs) and the Functional Assessment of Cancer 
Therapy-Breast (22 [33%]). 27 (41%) of 66 RCTs used 
multiple assessment tools to measure PROs, of which 
six (22%) trials used an instrument that was not validated 
(eg, ad-hoc, trial-specific c hecklists) i n a ddition t o a  
validated questionnaire. Most of the PRO endpoints were 
reported as secondary endpoints (46 [70%]), with only 
three (5%) including a PRO as a primary endpoint. 
The remaining RCTs either reported PRO as an 
exploratory endpoint (three [5%]) or did not clearly report 
the PRO endpoint (14 [21%]).

Reporting of research objectives
Only eight (12%) of 66 RCTs reported a hypothesis 
specific enough to inform the analysis of the PRO 
endpoint (ie, the direction of hypothesis is stated with the 
domain of interest and specified time frame). Most 
articles either reported a broad hypothesis (25 [38%]; for 
example, “to evaluate HRQOL between treatment arms”) 
or no hypothesis at all (33 [50%]). Most RCTs did not 
report a specific PRO hypothesis, and there was no 
consistent improvement in PRO hypothesis reporting 
over time (2001–06, 0 [0%] of 20; 2007–12, four [17%] of 
24; and 2013–17, four [18%] of 22).

Statistical analysis and clinical relevance
Most trials (59 [89%]) reported analysing multivariate data 
with multiple PRO scales and domains, with or without 
repeated assessments to assess the PRO endpoint. Scales 
and domains refer to PRO variables that were analysed in 
the trial. 38 (58%) RCTs analysed multiple PRO scales and 
domains and 21 (32%) analysed a single PRO scale or 

Yes No Not reported or 
unclear*

Reporting of research objectives

Specific hypothesis 8 (12%) 25† (38%) 33† (50%)

Statistical significance and clinical relevance

Multiple domains (more than one scale or domain 
included in analysis)

38 (58%) 21 (32%) 7 (11%)

If yes, was statistical correction used 
(multiple domains were independently tested)?

6 (16%) of 38 30 (79%) of 38 2 (5%) of 38

Repeated assessments (more than one follow-up 
assessment included in the analysis)

53 (80%) 8 (12%) 5 (8%)

If yes, was a statistical technique used that 
allowed inclusion of repeated assessment points, 
or was a statistical correction used (if repeated 
assessments were independently tested)?

33 (62%) of 53 12 (23%) of 53 8 (15%) of 53

Reporting of descriptive data 55 (83%) 11 (17%) 0 (0%)

Primary statistical technique

Not reported or unclear 15 (23%) NA NA

(Generalised) linear mixed models, including 
pattern mixture models

18 (27%) NA NA

Wilcoxon rank-sums test or between subjects 
t test

11 (17%) NA NA

ANOVA or linear regression 9 (14%) NA NA

Time to event 6 (9%) NA NA

Repeated measures ANOVA 2 (3%) NA NA

Proportion of patients or responder analysis 2 (3%) NA NA

Others 3 (5%) NA NA

Reporting of clinical relevance 28 (42%) 38 (58%) 0 (0%)

Change of X points (from baseline) 18 (64%) of 28 NA NA

X points difference (between arms) 9 (32%) of 28 NA NA

Change of X points from baseline and X points 
differences (between arms)

1 (4%) of 28 NA NA

Baseline assessment

Assessed baseline 60 (91%) 6 (9%) 0 (0%)

Compared baseline scores between treatment 
arms

36 (60%) of 60 24 (40%) of 60 0 (0%) of 60

Included baseline as a covariate‡ 13 (22%) of 60 35 (58%) of 60 12 (20%) of 60

Assessing the prevalence of, and handling of missing data

Intention-to-treat population§ 14 (21%) 28§ (42%) 24§ (36%)

Baseline compliance rates for each treatment arm¶ 28 (47%) of 60 32 (53%) of 60 NA

Follow-up compliance rates for each treatment arm 19 (29%) 47 (71%) NA

Strategy to handle missing data 18 (27%) 48 (73%) NA

Data are n (%) and N is 66 unless otherwise stated. RCT=randomised controlled trial. *”Unclear” means that the article 
reported some information for the variable but not enough to give a clear yes or no response for the specific 
variable.†“No” means that a broad hypothesis was reported and “not reported or unclear” means no hypothesis was 
reported. ‡The remaining RCTs were coded as not applicable because the statistical method used did not allow for an 
inclusion of a covariate. §“No” means a modified intention-to-treat analysis was used and “not reported or unclear” 
means that the analysis population was not reported. ¶n is based on the number of studies that included a baseline 
assessment in their study design. 

Table 1: Key parameters for the analysis of patient-reported outcome data reported in 66 RCTs



2001–06 (n=20) 2007–12 (n=24) 2013–17 (n=22)

Yes No Not reported 
or unclear*

Yes No Not reported 
or unclear*

Yes No Not reported 
or unclear*

Reporting of research objectives

 Specific hypothesis 0 (0%) 6 (30%)† 14 (70%)† 4 (17%) 14 (58%)† 6 (25%)† 4 (18%) 5 (23%)† 13 (59%)†

Statistical significance and clinical relevance

Multiple domains (more than one scale 
or domain included in analysis)

9 (45%) 8 (40%) 3 (15%) 18 (75%) 4 (17%) 2 (8%) 11 (50%) 9 (41%) 2 (9%)

If yes, was statistical correction used 
(multiple domains were 
independently tested)?

3 (33%) of 9 5 (56%) of 9 1 (11%) of 9 3 (17%) of 18 15 (83%) of 18 0 (0%) of 18 0 (0%) of 11 10 (91%) of 
11

1 (9%) of 11

Repeated assessments (more than 
one follow-up assessment included in 
the analysis)

14 (70%) 3 (15%) 3 (15%) 19 (79%) 4 (17%) 1 (4%) 20 (91%) 1 (5%) 1 (5%)

If yes, was a statistical technique 
used that allowed inclusion of 
repeated assessment points or was a 
statistical correction used 
(if repeated assessments were 
independently tested)?

10 (71%) of 14 2 (14%) of 14 2 (14%) of 14 10 (53%) of 19 7 (37%) of 19 2 (11%) of 19 13 (65) of 20 3 (15%) of 
20

4 (20%) of 
20

Reporting of descriptive data 16 (80%) 4 (20%) 0 (0%) 19 (79%) 5 (21%) 0 (0%) 20 (91%) 2 (9%) 0 (0%)

Primary statistical technique

Not reported or unclear 5 (25%) NA NA 6 (25%) NA NA 4 (18%) NA NA

(Generalised) linear mixed models, 
including pattern mixture models

8 (40%) NA NA 3 (13%) NA NA 7 (32%) NA NA

Wilcoxon rank-sums test or between 
subjects t test

5 (25%) NA NA 3 (13%) NA NA 3 (14%) NA NA

ANOVA or linear regression 1 (5%) NA NA 7 (29%) NA NA 1 (5%) NA NA

Time to event 1 (5%) NA NA 0 (0%) NA NA 5 (23%) NA NA

Repeated measures ANOVA 0 (0%) NA NA 2 (8%) NA NA 0 (0%) NA NA

Proportion of patients or responder 
analysis

0 (0%) NA NA 1 (4%) NA NA 1 (5%) NA NA

Others 0 (0%) NA NA 2 (8%) NA NA 1 (5%) NA NA

Reporting of clinical relevance 5 (25%) 15 (75%) 0 (0%) 11 (46%) 13 (54%) 0 (0%) 12 (55%) 10 (45%) 0 (0%)

Change of X points from baseline 5 (100%) of 5 NA NA 5 (45%) of 11 NA NA 8 (67%) of 12 NA NA

X points difference (between arms) 0 (0%) of 5 NA NA 6 (55%) of 11 NA NA 3 (25%) of 12 NA NA

Change of X points from baseline and 
X points differences (between arms)

0 (0%) of 5 NA NA 0 (0%) 11 NA NA 1 (8%) of 12 NA NA

Baseline assessment

Assessed baseline 18 (90%) 2 (10%) 0 (0%) 22 (92%) 2 (8%) 0 (0%) 20 (91%) 2 (9%) 0 (0%)

Compared baseline scores between 
treatment arms

13 (72%) of 18 5 (28%) of 18 0 (0%) of 18 14 (64%) of 
22

8 (36%) of 22 0 (0%) of 22 9 (45%) of 20 11 (55%) of 
20

0 (0%) of 20

Included baseline as a covariate‡ 2 (11%) of 18 11 (61%) of 18 5 (28%) of 18 6 (27%) of 22 12 (55%) of 22 4 (18%) of 22 5 (25%) of 20 12 (60%) of 
20

3 (15%) of 
20

Assessing the prevalence of, and handling of missing data

Intention-to-treat population§ 4 (20%) 10 (50%)§ 6 (30%)§ 6 (25%) 10 (42%)§ 8 (33%)§ 4 (18%) 8 (36%)§ 10 (45%)§

Baseline compliance rates for each 
treatment arm¶

7 (39%) of 18 11 (61%) of 18 NA 11 (50%) of 
22

11 (50%) of 22 NA 10 (50%) of 20 10 (50%) of 
20

NA

Follow-up compliance rates for each 
treatment arm

5 (25%) 15 (75%) NA 6 (25%) 18 (75%) NA 8 (36%) 14 (64%) NA

Strategy to handle missing data 4 (20%) 16 (80%) NA 9 (38%) 15 (63%) NA 5 (23%) 17 (77%) NA

Data are n (%). Note that some percentages do not add up to 100% because of rounding. RCT=randomised controlled trial. *”Unclear” means that the article reported some information for the variable but not 
enough to give a clear yes or no response for the specific variable. †“No” means that a broad hypothesis was reported and “not reported or unclear” means no hypothesis was reported. ‡RCTs that used a statistical 
method that does not allow for an inclusion of a covariate were coded as not applicable. §“No” means modified ITT was used and “not reported or unclear” means that the analysis population was not reported. 
¶n is based on the number of studies that included a baseline assessment in their study design.

Table 2: Key parameters for the analysis of patient-reported outcome data in different time periods



MN, USA (J Sloan PhD); and 
Leeds Institute of Cancer and 
Pathology, University of Leeds, 
St James’s Hospital, Leeds, UK 
(Prof G Velikova PhD)

Correspondence to: 
Dr Madeline Pe, Quality of Life 
Department, European 
Organisation for Research and 
Treatment of Cancer, 
1200 Brussels, Belgium 
madeline.pe@eortc.org

See Online for appendix

domain. Among the 38 RCTs, only six (16%) used a 
statistical correction to correct for multiple testing. 
Two (5%) of 38 RCTs reported PROs as an exploratory 
endpoint and assessed multiple outcomes—exploratory 
endpoints do not necessarily have to correct for multiple 
testing. Results remained largely the same after removing 
these two exploratory endpoints from the total score 
of PROs that assessed multiple outcomes (6 [17%] of 36). 
Combined, these numbers show that 27 (41%) of 66 trials 
addressed the issue of multiple testing either by 
statistically correcting for multiple scales and domains or 
assessing only one scale or domain (often identified a  
priori as the most relevant scale or domain). No clear 
pattern was seen in these findings o ver t ime ( 2001–06, 
11 [55%] of 20; 2007–12, seven [29%] of 24; and 2013–17, 
nine [41%] of 22).

53 (80%) RCTs analysed data with repeated assessments 
at follow-up (defined as more than one follow-up 
assessment), and eight (12%) RCTs analysed data with a 
single follow-up assessment. Among the 53 RCTs that 
used multiple follow-up assessment points in their 
primary PRO analysis, 33 (62%) used a statistical 
technique that considered the repeated measurements of 
the data (eg, time-to-event or linear mixed models), or 
statistically corrected for them if these repeated measures 
were tested independently from one another. Overall, 
41 (62%) of the 66 trials addressed the issue of multiple 
testing either by statistically correcting for multiple 
domains by use of a statistical technique that took into 
account the repeated measurements, or by analysing 
only one follow-up timepoint. These findings remain 
consistent over time (2001–06, 13 [65%] of 20; 2007–12, 
14 [58%] of 24; and 2013–17, 14 [64%] of 22).

Most RCTs (55 [83%]) reported PRO scores descriptively, 
such as mean scores or mean change scores by trial 
arms, either on their own or as a support for a comparative 
analysis. This reporting has remained quite consistent 
over time (2001–06, 16 [80%] of 20; 2007–12, 19 [79%] of 
24; and 2013–17, 20 [91%] of 22).

When analysing PRO data, we identified m ore t han 
six primary statistical analysis techniques. The two most 
commonly used statistical techniques were (generalised) 
linear mixed models (18 [27%] of 66 RCTs) and Wilcoxon 
rank-sums test or t test (11 [17%] of 66). Many RCTs 
(15 [23%] of 66) did not report the statistical technique 
used; a p value was reported but it was not mentioned 
how this value was obtained. When comparing findings 
over time, the most commonly used statistical tech-
niques between 2001–06 were (generalised) linear mixed 
models (eight [40%] of 20) and Wilcoxon rank-sums 
test or t test (five [ 25%] o f 2 0); b etween 2 007–12 
were ANOVA or linear regression (seven [29%] of 24), 
(generalised) linear mixed models (three [13%] of 24) 
and Wilcoxon rank-sums test or t test (three [13%] of 24); 
and between 2013–17 were (generalised) linear mixed 
models (seven [32%] of 22) and time-to-event (five [23%] 
of 22). No single technique was used in most trials. 

Moreover, across all periods, a substantial proportion of 
RCTs did not report the statistical technique used 
(2001–06, five [25%] of 20; 2007–12, six [25%] of 24; and 
2013–17, four [18%] of 22).

Less than half of the RCTs (28 [42%] of 66) addressed 
the clinical relevance of their findings. Among the 
trials that reported whether a finding was clinically 
relevant or not, the methods used varied; results were 
reported either as a change of X points from baseline 
(18 [64%] of 28), an X points difference between 
treatment arms (nine [32%] of 28), or both (one [4%] of 
28). The percentage of RCTs reporting the clinical 
relevance of their findings increased somewhat over 
time (2001–06, five [25%] of 20; 2007–12, 11 [46%] of 24; 
and 2013–17, 12 [55%] of 22).

Baseline assessment
Most RCTs (60 [91%] of 66) included a baseline PRO 
assessment. From these 60 studies, 36 (60%) compared 
PRO baseline scores between treatment arms and 
13 (22%) included the baseline score as a covariate. 
The inclusion of a baseline PRO assessment in most 
RCTs has been consistent over time (2001–06, 18 [90%] of 
20; 2007–12, 22 [92%] of 24; and 2013–17, 20 [91%] of 22); 
however, the number of studies reporting whether PRO 
baseline scores are comparable between treatment arms 
has declined over time (2001–06, 13 [72%] of 18; 2007–12, 
14 [64%] of 22; and 2013–17, nine [45%] of 20). Additionally, 
including baseline scores as a covariate has not 
necessarily improved over time (2001–06, two [11%] of 18; 
2007–12, six [27%] of 22; and 2013–17, five [25%] of 20).

Amount and handling of missing data
Many RCTs (24 [36%] of 66) did not report, or did not 
clearly specify, the analysis population for the primary 
PRO analysis. This absence of reporting did not improve 
over time—2001–06, six (30%) of 20; 2007–12, eight (33%) 
of 24; and 2013–17, ten (45%) of 22. 14 (21%) RCTs used 
the intention-to-treat (ITT) population in their analysis, 
with a greater number of RCTs (28 [42%]) using a 
modified ITT (mITT) population. These numbers were 
relatively comparable over time (table 2). Five different 
definitions of mITT were used across the 28 trials 
indicating that there was no consistent definition 
used—18 (64%) of the 28 RCTs used baseline PRO and 
one or more post-assessment measure, four (14%) used 
baseline PRO, two (7%) used more than one PRO 
data-point, and two (7%) used baseline PRO and 
trial-specific follow-up point of interest (appendix).

Among the RCTs that assessed baseline PRO (60 [91%] 
of 66), only 8 (47%) reported baseline PRO compliance 
for each treatment arm. 19 (29%) of the 66 RCTs reported 
whether compliance between treatment groups differed 
throughout the follow-up assessments. Most studies 
(48 [73%]) did not report how they dealt with missing 
data. These findings were relatively comparable over 
time (table 2).



Discussion
The aim of this systematic review was to assess the PRO 
analysis component in RCTs of advanced breast cancer. 
Our findings showed that clear heterogeneity on how 
PRO data were analysed among the 66 eligible RCTs.

Most trials did not report a specific research hypothesis 
(88%), even those from the past 6 years (2012–17, 82%). 
This finding is consistent with previous reviews94–97 and 
could reflect a lack of knowledge about the probable 
HRQOL trajectory for novel treatments, or a lack of 
consideration of PRO-specific hypotheses at the design 
stage and specification in the trial protocol. This latter 
point is consistent with reviews98,99 regarding the content 
of trial protocols. Our findings highlight an area of poor 
practice that does not meet International Society for 
Quality of Life Research and CONSORT-PRO reporting 
standards.100,101 Failure to state a clear PRO hypothesis a 
priori opens up the possibility that inappropriate 
statistical techniques could be used. For instance, if a 
study aimed to measure HRQOL changes over a 6-week 
period, a cross-sectional HRQOL analysis at 6 weeks is 
not equivalent to an area under the curve analysis within 
the same timeframe; in fact, these two analytical 
techniques could yield different results. If the PRO 
objective is not clearly stated, different statistical 
approaches could be reported as equivalent ways of 
addressing the same PRO objective when in fact they 
focus on different aspects of the data and so respond 
to different research objectives. Divergent findings, 
however, might not necessarily invalidate the PRO data 
analysis but rather illustrate the importance of a 
well-defined a-priori hypothesis and responding to them 
with appropriate statistical techniques. Therefore, it is 
crucial that researchers clearly define their hypotheses 
and statistical analyses in the protocol or statistical 
analysis plan,102 and that results are described to 
accurately represent the key patterns in the data and can 
be understood by non-statisticians.

The most commonly used statistical technique (linear 
mixed models) was only used in 18 (27%) of the 66 RCTs. 
Wilcoxon rank-sums test or t tests—statistical techniques 
appropriate for single time points or change scores—
were also commonly used (11 [17%]), although this 
strategy might not always be appropriate since most 
trials involved analysing data with more than two repeated 
assessments (53 [80%]). There was an increase in the use 
of time-to-event analysis over time; between 2001–07, one 
(5%) of 20 RCTs included a time-to-event analysis 
compared with five (23%) of 22 between 2013–17 (table 2). 
However, a major concern remains that some RCTs 
(15 [23%] of 66) did not clearly report the statistical 
technique that was used to analyse PRO data, which is 
still the case in recent years (2013–17, four [18%] of 22).

Analysis of a PRO endpoint, such as HRQOL, often 
involves multiple outcomes. When drawing conclusions 
about treatment efficacy, type 1 errors (false positive 
findings) should be avoided by adjusting crucial p values 

for multiple comparisons when multiple outcomes are 
used to test a multidimensional endpoint (eg, HRQOL). 
Many RCTs (30 [79%] of 38) did not do this adjustment 
including those studies that were published in the past 
6 years (2013–17; 10 [91%] of 11), which could have led to 
erroneous conclusions about the PRO endpoint due to 
excess type 1 errors.103 Since the results of RCTs can lead to 
new standards of care being set, this practice should be 
avoided. Ongoing work from SPIRIT-PRO to standardise 
what needs to be included in the design stage of a trial 
(protocol) and statistical analysis plans could promote 
improved reporting on these issues.102

The sample size estimation required for a trial is 
typically calculated for the primary clinical endpoint only. 
Since PRO endpoints, such as HRQOL, are often 
secondary endpoints the sample size can be much larger 
(or smaller) than that needed for the primary endpoint. 
Since statistical significance is highly dependent on 
sample size, a large sample size can produce statistically 
significant results but the clinical relevance of the change 
in the PRO endpoint could be negligible.104 Therefore, 
clinical relevance has been recommended to be 
reported alongside statistical significance. Similar to 
other reviews,94–97,105 our findings showed that reporting 
the clinical relevance of PRO data is not common 
practice; less than half of the RCTs (28 [42%] of 66) 
reported whether their findings were clinically relevant 
although this practice has increased in the past 6 years 
(in 2001–06, five [25%] of 20 RCTs reported clinical 
relevance compared with 12 [55%] of 22 in 2013–17).

Most RCTs (90%) in this Review reported having a 
baseline assessment and this observation has been 
consistent over the years (2001–06, 2007–12, and 2013–17). 
These findings suggest that this practice has been widely 
accepted. Assessing baseline (or pretreatment) scores is 
essential in PRO analysis. Since individuals can differ in 
their baseline scores, it is important to take this into 
account when assessing differences between treatment 
arms and individual changes over time. This adjustment 
increases the efficiency of the statistical analysis by 
reducing the influence of baseline differences in the 
analysis.106 Most RCTs (60 [91%] of 66) collected baseline 
PRO information but 24 (40%) of these did not check 
whether there were baseline differences between 
treatment arms. Additionally, only a small number of 
trials (13 [22%] of 60) reported making use of the 
baseline PRO scores as a covariate. These findings 
remain comparable over the years. Overall, these results 
highlight the lack of consistency between investigators 
on how to use baseline information in their analyses.

To assess the amount of missing data, trials should 
report the set or subset of participants that will be 
included in the analysis (the analysis population),107 and 
PRO completion (or compliance) over time.108 Only a 
small number of RCTs (14 [21%] of 66) used an ITT 
analysis, including RCTs done between 2013–17 
(four [18%] of 22). Additionally, some RCTs that 



purported to use an ITT analysis apparently did not 
adhere to the ITT principle (ie, all randomised 
participants should be analysed according to the 
allocated treatment109). For example, some RCTs reported 
that an ITT analysis would be used but removed a patient 
for the statistical tests if an assessment was missing 
(eg, when a statistical test involves calculating a change 
score35,60). Probably because of the difficulty of  ma king 
use of the ITT population for PRO analysis, some RCTs 
used an mITT analysis instead; however, no consensus 
exists on which mITT approach should be used as 
shown by the definitions o f m ITT s een i n t hese R CTs 
(eg, patients with baseline PRO and patients with 
baseline PRO plus one follow-up assess ment).

Measuring compliance is another way of understanding 
the amount of missing data in a trial.108 Our findings 
showed that although more than half of the RCTs 
reported baseline compliance data, a smaller number of 
RCTs reported follow-up compliance within the study 
timeframe, and not all trials compared compliance 
between treatment groups. This lack of information 
makes it difficult to evaluate whether a st atistical 
technique is appropriate for the analysis population 
(eg, some statistical techniques assume that the dataset 
has no missing data or that data are missing at random) 
and whether the conclusions are generalisable to the 
population of interest.

Strategies to deal with missing data in statistical 
analyses were reported in only 18 (27%) of 66 RCTs and 
this practice has not changed over time (between 
2001–06, four [20%] of 20 RCTs reported strategies for 
dealing with missing data compared with five [33%] of 
22 RCTs between 2013–17). However, missing data is 
known to be a challenge in the analysis of PRO data 
in cancer trials.8,106,110 Since patients with cancer often 
have disease-related and treatment-related illness and 
mortality, so missing assessments are often inevitable.111 
Because missing data can bias results, sensitivity 
analyses should be done to explore the robustness of the 
primary findings.112 That is, investigators are encouraged 
to reanalyse the data with a statistical model that makes 
different m issing data a ssumptions compared w ith 
that of the primary analysis. If results are reasonably 
consistent across the different analyses, there is increased 
confidence that the presence of missing data did not 
compromise the original findings.113 The lack of infor-
mation on how missing data were handled suggests that 
this problem is often ignored or regarded as unimportant 
when reporting PRO findings. This situation should not 
be acceptable.

Although our Review was robust and used a systematic 
approach, our work also has several limitations. Findings 
were based on published articles, and the articles 
selected could reflect p ublication b ias ( ie, s tatistically 
significant positive results tend to have a better chance 
of being published).114 Protocols or a-priori statistical 
analysis plans were not checked alongside these 

published reports; however, information classified as not 
reported could have been recorded in the protocol but 
was not included in the article due to space limitations. 
However, our findings are consistent with those from 
other systematic reviews98,99 of protocols and other 
reviews94–97,105 evaluating the quality of PRO reporting in 
RCTs showing that these issues are indeed present in 
the PRO field. We excluded non-English publications 
in our search so some relevant trials could have been 
excluded. As the focus was on advanced breast cancer, it 
might not be generalisable to all cancer types, although 
we have no reason to think that the analysis problems 
that have been reported would be different in other 
disease sites. Indeed, the converging results from other 
systematic reviews16,17,95 in different cancer sites suggest a 
general problem that is not specific to one cancer site. 
Because no standards on PRO analyses in RCTs have 
been defined, the evaluation criteria of these trials were 
based on authors’ selection of statistical issues that were 
deemed as crucial for the analysis of PRO data, but 
remain broadly in line with ongoing work on guidelines 
for statistical analysis plans.102 Although this Review 
focuses on standards in statistical analysis, we emphasise 
the importance of a high-quality study design and 
choosing appropriate PRO measures and assessment 
points that capture the effect of both the disease and 
treatment on the patient experience. Even if the most 
robust statistical approach is used, findings from an 
RCT would be of little relevance if the study design is of 
poor quality and inappropriate outcomes and follow-up 
assessment points are used.102

Conclusion
Our Review highlights the many statistical issues that 
need to be addressed to improve the analysis and inter
pretation of PRO data, including HRQOL. The lack of 
consensus on how to analyse PRO data makes it difficult to 
draw robust conclusions regarding PRO endpoints and 
compare findings across trials. Although the increased 
inclusion of PRO endpoints in RCTs is a substantial step 
towards a more patient-centred approach, standards and 
guidelines are needed for the analysis of PRO data in 
cancer RCTs. The SISAQOL consortium was set up to 
address this need and develop recommendations on how 
to analyse PRO data in RCTs,11 of which they will produce 
such guidelines in the future.
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