
Patient-Reported Outcomes in Clinical Trials Leading to Cancer

Immunotherapy Drug Approvals From 2011 to 2018: A Systematic

Review

Houssein Safa, MD,1,† Monica Tamil, MD,2,† Philippe E. Spiess, MD,3 Brandon Manley, MD,3

Julio Pow-Sang , MD,3 Scott M. Gilbert, MD,3 Firas Safa, MD,4 Brian D. Gonzalez , PhD,5

Laura B. Oswald , PhD,5 Adele Semaan, PhD,6 Adi Diab, MD,1 Jad Chahoud, MD, MPH3,*

1Department of Melanoma Medical Oncology, The University of Texas MD Anderson Cancer Center, Houston, TX, USA; 2Department of Internal Medicine, The
University of Texas Health Science Center at Houston, Houston, TX, USA; 3Department of Genitourinary Oncology, H. Lee Moffitt Cancer Center and Research Institute,
Tampa, FL, USA; 4John W. Deming Department of Medicine, Section of Hematology and Medical Oncology, Tulane University, New Orleans, LA, USA; 5Department of
Health Outcomes and Behavior, H. Lee Moffitt Cancer Center and Research Institute, Tampa, FL, USA and 6Participant Research, Interventions, and Measurements
Core, H. Lee Moffitt Cancer Center and Research Institute, Tampa, FL, USA

†Authors contributed equally.

*Correspondence to: Jad Chahoud, MD, MPH, Department of Genitourinary Oncology, H. Lee Moffitt Cancer Center, 12902 Magnolia Dr, Tampa, FL 33612, USA (e-mail:
jad.chahoud@moffitt.org).

Abstract

Background: Patient-reported outcomes (PROs) promote patient centeredness in clinical trials; however, in the field of rapidly
emerging and clinically impressive immunotherapy, data on PROs are limited. Methods: We systematically identified all
immunotherapy approvals from 2011 through 2018 and assessed the analytic tools and reporting quality of associated PRO
reports. For randomized clinical trials (RCTs), we developed a novel 24-point scoring scale: the PRO Endpoints Analysis Score
based on 24 criteria derived from the recommendations of the Setting International Standards in Analyzing Patient-Reported
Outcomes and Quality of Life Endpoints Data Consortium. Results: We assessed 44 trial publications supporting 42
immunotherapy approvals. PROs were published for 21 of the 44 (47.7%) trial publications. Twenty-three trials (52.3%) were
RCTs and 21 (47.7%) pertained to single-arm trials. The median time between primary clinical outcomes publications and
their corresponding secondary PRO publications was 19 months (interquartile range ¼ 9-29 months). Of the 21 PRO reports, 4
(19.0%) reported a specific hypothesis, and most (85.7%) used descriptive statistics. Three (3 of 21 [14.3%]) studies performed a
control for type I error. As for RCTs, 14 of 23 (60.9%) published PRO data, including 13 (56.5%) that published a secondary dedi-
cated manuscript. One-half of these 14 trials scored less than 13 points on the 24-point PRO Endpoints Analysis Score. The
mean score was 12.71 (range ¼ 5-17, SD ¼ 3.71), and none met all the recommendations of the Setting International
Standards in Analyzing Patient-Reported Outcomes and Quality of Life Endpoints Data Consortium. Conclusions: Suboptimal
reporting of PROs occurs regularly in cancer immunotherapy trials. Increased efforts are needed to maximize the value of
these data in cancer immunotherapy development and approval.

Immunotherapies, specifically immune checkpoint inhibitors
and chimeric antigen receptor T-cell therapy, have received
broad attention, with multiple Food and Drug Administration
(FDA) approvals in recent years (1-4). Interest in these therapies
derives from their ability to generate durable and complete
responses and to improve overall survival across multiple types
of cancers (5,6). Given their efficacy, immunotherapy drugs are
being investigated in an increasing number of clinical trials. In

fact, the number of immunotherapy drugs in active develop-
ment increased from 2030 in 2017 to 3876 in 2019, which is a
91.0% increase over 2 years (7).

Patient-reported outcomes (PROs) are defined by the FDA as
patient-centered, self-reported questionnaires completed by
the patients without any subsequent interpretations by clini-
cians or other providers (8). These tools aim to involve the
patients in the treatment process by allowing them to express
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their perceptions of the value of the treatment regimen (8-10).
Following a medical intervention, PROs measure outcomes
and effects of the intervention on 1 or more pertinent clinical
measures, including health-related quality of life (HRQoL)
and symptoms (8-10). These tools augment the physician’s
ability to measure the impact of a drug beyond its survival
benefit (9).

Despite their clinical promise, immunotherapy drugs are as-
sociated with serious adverse events (AEs) (11,12). Several
reports have suggested that many AEs are best reported by
patients themselves rather than by clinicians and that including
PRO data in clinical trials is a fundamental step in ensuring ac-
curate reporting of AEs (13-15). Given the important role of PROs
in treatment decisions, efforts are needed to maximize the clini-
cal utility of PRO data by standardizing the design and the ana-
lytic and reporting methods used to deliver these data (16-18).

Systematic reviews have identified heterogeneity and sev-
eral areas of deficiency in the reporting of PROs across differ-
ent cancer treatment types (19-22). Some reviews highlighted
the deficiencies in standards of PRO protocol content, reveal-
ing the common omission of rudimentary PRO design ele-
ments such as “rationale for PRO assessment,” “PRO
hypothesis and objectives,” “PRO analysis plan,” and
“approaches to handle missing PRO data” (23,24). Many efforts
have been under way to improve the state of PROs in cancer
clinical trials and to offer additional tools to accurately detect
these data. A leading example of these efforts is the expansion
of the scope of the Common Terminology of Criteria for
Adverse Events (CTCAE) to include measures for PROs (25,26).
The review of the 790 AEs listed in the CTCAE identified 78
items that are amenable to patient self-reporting and were
deemed eligible for the development of the PRO-CTCAE (25).
These tools were introduced with the purpose of improving
the precision and the comprehensiveness of PRO data and are
being increasingly used in cancer treatment clinical trials
(27,28). Recently, the Standard Protocol Items:
Recommendations for Interventional Trials (SPIRIT-PRO) re-
leased recommendations aiming to standardize the inclusion
of items that are relevant to PROs in the protocols of clinical
trials in which PROs are primary or key secondary endpoints
(29). Similarly, the Consolidated Standards of Reporting Trials
(CONSORT-PRO) (30) recommendations focused on standardiz-
ing high-quality reporting of PROs in the final study reports.
Most recently, the Standards in Analyzing Patient-Reported
Outcomes and Quality of Life (SISAQOL) Consortium published
recommendations in 2020 that focus on guiding and standard-
izing the methodology used for the design and analysis of PRO
endpoints in cancer randomized clinical trials (RCTs) (31).
Some studies have focused on evaluating separate specific
characteristics of PRO data in oncology trials submitted to the
US FDA, such as statistical analysis, completion rates, and PRO
assessment frequency (32-35). However, to the best of our
knowledge, no study has been conducted so far to assess the
state of PROs in FDA-approved immunotherapy drugs specifi-
cally since the first approval in 2011. With the aim of providing
insight into the quality of PROs in immunotherapy era, we
conducted this study to assess the trends in the reporting,
standardization, and quality of PRO endpoints for immuno-
therapy RCTs and single-arm clinical trials that led to corre-
sponding FDA approvals between 2011 and 2018. We hope to
provide an objective review identifying the strengths and limi-
tations of current PRO data in immunotherapy, further en-
abling decision makers and trialists to better interpret and
design PROs in the future.

Methods

Search Strategy and Selection Criteria

We conducted a systematic review of the FDA Office of
Hematology and Oncology Products archives and created a list
of hematology and oncology drug approvals issued between
January 2011 and December 2018. Two authors (H.S. and M.T.)
independently identified all immunotherapy drugs approved
for cancer treatment. Immunotherapy drugs were defined as
immune checkpoint inhibitors, chimeric antigen receptor T-cell
therapy, and nonspecific immunotherapies (ie, interferons). For
each immunotherapy drug, we identified the pivotal clinical tri-
al(s) used as the primary basis for FDA approval and retrieved
them from PubMed and ClinicalTrials.gov. We attempted to
source each trial’s protocol (final approved version), its primary
manuscript reporting the clinical results, and any secondary
manuscript reporting PROs. We identified PRO primary or sec-
ondary publications published on or before December 31, 2019,
to allow trials supporting FDA approvals announced in 2018, a
minimum timeframe of 1 year to publish PRO results. Exclusion
criteria included FDA immunotherapy drug label modifications
and trial results published in abstracts only. Examples of drug
label modifications include approval of a new companion diag-
nostic test to determine programmed cell death protein 1 (PD-
L1) levels in tumor tissues, dosage modification following popu-
lation pharmacokinetics analyses and dose- or exposure-
response analyses, or revision of drug label to limit the indica-
tion of a given drug after evidence of limited survival benefit on
long-term follow-up. Figure 1 shows the search strategy flow-
chart and the inclusion and exclusion criteria used. Further
details regarding our search strategy are described in the
Supplementary Methods (available online). We adhered to the
Cochrane Handbook for Systematic Reviews of Interventions,
and the study is reported in accordance with the Preferred
Reporting Items for Systematic Reviews and Meta-Analyses
(PRISMA) guidelines.

Two authors (H.S. and M.T.) independently collected study
characteristics and PRO information from both published jour-
nal articles and trial protocols (when available). If an FDA ap-
proval was supported by more than 1 trial, we collected
information from all relevant trials. A third researcher (J.C. or
A.S.) was involved when no consensus was reached in any of
the data collection steps. This study did not use patient data,
because it only included publicly available data; therefore, insti-
tutional review board approval was not required.

Data Collection

The data extraction sheet was derived and modified from a pre-
vious review (19) and included 47 predefined evaluation criteria,
which were divided into 6 categories: general trial description,
reporting of research hypothesis and objectives, PRO instru-
ments, clinical relevance, statistical analysis, and handling of
missing data (Supplementary Methods and Supplementary
Table 1, available online).

Quantitative Scoring System for the Quality of PRO
Reporting and Endpoint Analysis Methods

We developed a quantitative scoring scale to evaluate the qual-
ity of the methods used to report and analyze PROs in the RCTs
that were included in our data set: the PRO Endpoints Analysis

S
Y

S
T

EM
A

T
IC

R
EV

IE
W

H. Safa et al. | 533



Score (PROEAS), which is based on the 2020 recommendations of
the SISAQOL Consortium (31). Three authors (H.S, M.T., and J.C.)
refined the criteria used for the PROEAS and developed the initial
scoring sheet. Two authors (H.S and M.T.) independently pilot
tested the scoring sheet on 4 initial studies. Following the pilot
testing, a reevaluation was conducted to further refine and trou-
bleshoot the scoring scale. When opinions differed on how a crite-
rion should be defined, the variable was further clarified. Final
agreements were then reviewed and approved by a third author
(J.C.). Two authors (H.S and M.T.) then independently collected
data from all eligible studies using the final version of the PROEAS
scoring sheet. When disagreements arose, the articles were
reviewed by both authors. If no consensus was reached, J.C. was
the third reviewer and served as a mediator to resolve disagree-
ments. The final criteria included in the scoring sheet were based
on 24 items derived from the recommendations of the 2020
SISAQOL consortium and resulted in a 24-point scoring scale. Each
item was scored “1” if it was adequately reported or “0” if it was

not clearly reported or not reported at all; items were weighted
equally. The criteria included in the PROEAS were classified into 4
categories as detailed below (Table 1).

Taxonomy of research objectives
This section aimed at evaluating the extent to which the inves-
tigators defined a priori meaning in the trial’s protocol, the PRO
endpoint, the direction of the hypothesis, the PRO objectives,
and the clinical relevance for PRO score changes. According to
the SISAQOL recommendations, a hypothesis was required for
trials in which PROs were a primary or secondary endpoint but
not for exploratory endpoints (31). Additionally, we assessed
whether comparative conclusions made regarding PRO data
were appropriate based on the type of PRO endpoint.
Comparative conclusions were considered appropriate if PROs
were a primary or secondary endpoint only and inappropriate if
PROs were exploratory endpoints.

Figure 1. Study selection flowchart. FDA ¼ Food and Drug Administration; PRO ¼ patient-reported outcome.
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Recommending Statistical Methods
The main focus of this subcategory score was assessing
whether the statistical techniques used for the data analysis
were appropriate and met the recommendations of the
SISAQOL. The SISAQOL recommended a list of statistical techni-
ques that should be used for each prespecified objective (31).
The recommended techniques met certain criteria deemed nec-
essary for a transparent data analysis.

Standardizing statistical terms related to missing data
In this section, the focus was to determine whether the clinical
trials defined and presented the missing data in accordance
with the recommendations of the SISAQOL. We evaluated
whether a definition for missing data was provided a priori and
whether the authors provided absolute and relative numbers
for the rates of missing data at each time point. Per SISAQOL
recommendations, deceased patients should be excluded from
the denominator of the completion rate at assessment points
after death. We also identified whether a CONSORT diagram
reporting reasons for treatment discontinuation was provided.

General handling of missing data
In this subcategory score, we evaluated whether the methods
used to handle missing data met the recommendations of the
SISAQOL. Most importantly, we identified whether the authors
documented a priori the approach for handling missing data.

Statistical Analysis

We used descriptive statistics with means, medians, and inter-
quartile ranges for continuous variables and frequencies and
percentages for categorical variables. The v2 and Fisher exact
tests were used to compare categorical variables. All descriptive
statistics for PRO publications characteristics were prespecified.
Additionally, we conducted an exploratory analysis investigat-
ing the correlation between the likelihood of publishing PROs
according to the following variables: type of immunotherapy,
clinical trial phase, number of study arms, type of FDA approval,
type of cancer, approval indication, and type of primary end-
point of the trial. All P values were 2-sided, and a P value of less
than .05 was considered statistically significant. All statistical
analyses were conducted using SPSS (Version 25.0, IBM Corp,
Armonk, NY).

Results

PRO Publications

Our search identified 43 FDA approvals of immunotherapy
drugs. One approval was excluded because it was based on
pooled data from several trials and no published manuscripts
were identified. Two approvals were based on 2 different trials
each. Thus, the total number of FDA approvals included in our
dataset was 42 and the total number of trial publications

Table 1. PROEAS items and the SISAQOL recommended statements they are derived from

SISAQOL statement PROEAS item Points

Taxonomy of research objectives (7 points)
RS 1 PRO endpoints were specified in the protocol 1

Hypothesis requirement was met as neededa 1
Endpoints were used to make appropriate conclusionsb 1

RS 2 Direction of the hypothesis was prespecified in the protocol if required 1
Clinical relevance for between-group differences was prespecified in the protocol 1

RS 3–8 Within-treatment group objective stated in the protocol 1
Clinical relevance for within-patient or within–treatment group change was predefined in the protocol 1

Recommending statistical methods (6 points)
RS 10 Statistical test comparing 2 groups done when appropriate 1

Provided P values for statistical significance 1
Tests used adjusted for baseline covariates 1
Tests used handled clustered data (repeated assessments) 1
Correction for multiple testing done appropriately 1

RS 11–15 Used at least 1 appropriate statistical test to evaluate the tested outcomec 1
Standardizing statistical terms related to missing data (6 points)

RS 16 A definition for missing data was reported 1
RS 18 Study did not consider PRO assessments for deceased patients as missing data 1
RS 21–22 Variable denominator rate reported 1
RS 19–20 Fixed denominator rate reported 1
RS 23 Absolute number for both numerators and denominators were reported 1

A CONSORT diagram or table reporting reasons for treatment discontinuation was provided 1
General handling of missing data (5 points)

RS 27 Study documented a priori the approach for handling missing data 1
RS 28 Item-level missing data handled according to the scoring algorithm of the instrument 1
RS 30 A method that allows the use of all available data was used to approach missing data 1
RS 31 Study did not use explicit imputation methods unless justified 1
RS 32 At least 2 different approaches to handle missing data were used 1

aA hypothesis statement was required if PROs were a secondary endpoint and not required if PROs were an exploratory endpoint. CONSORT ¼ Consolidated Standards

of Reporting Trials; PRO ¼ patient-reported outcome; PROEAS ¼ Patient Reported Outcomes Endpoints Analysis Score; RS ¼ recommended statement; SISAQOL ¼
Standards in Analyzing Patient-Reported Outcomes and Quality of Life.
bComparative conclusions were considered appropriate if PROs were a primary or secondary endpoint only and inappropriate if PROs were exploratory endpoints.
cStatistical tests were considered appropriate if they met the recommendations of the SISAQOL.
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supporting these FDA approvals was 44. Information on each
trial publication is shown in Supplementary Table 2 (available
online). Almost one-half (20 of 42 [47.6%]) of the approvals were
accelerated (Table 2). Twenty-three trials (23 of 44 [52.3%]) per-
tained to RCTs and 21 (21 of 44 [47.7%]) pertained to single-arm
trials. Data on PROs were published for less than one-half (21 of
44 [47.7%]) of the trial publications supporting the FDA appro-
vals, including 5 studies (5 of 44 [11.4%]) that reported prelimi-
nary PRO results in the primary clinical outcomes publication
only and 16 studies (16 of 44 [36.4%]) that reported PROs in a sec-
ondary dedicated publication, 4 of which also published prelim-
inary PRO data in the primary clinical outcomes publication.
Among the 44 trials included in our cohort, 36 (81.8%) planned
to collect PRO data (as reported in the trial’s protocol or in the
methods section of the primary clinical outcomes manuscript
or on clinicaltrials.gov) and 8 (18.1%) did not. Of the 36 that
planned to collect PRO data, 21 (58.3%) reported PRO results and
15 (41.7%) failed to report. Three FDA approvals were based on
interim efficacy analysis; however, it is important to note that
for all 3, PRO data were subsequently published in a secondary
dedicated manuscript after proper follow-up periods.

The median time between primary clinical outcomes publi-
cations and their corresponding secondary PRO publication was
19 months (interquartile range ¼ 9-29 months). Trial publica-
tions supporting regular FDA approvals were more likely to
have published PROs than were those supporting accelerated
FDA approvals (62.5% vs 30.0%, respectively; P¼ .03)
(Supplementary Table 3, available online). Similarly, among dif-
ferent trial phases, phase III and phase IV trials were the most
likely to publish PRO results (P¼ .012). Further analysis showed
that clinical trials that had overall survival as a primary out-
come were more likely to publish PRO results than those that
did not (66.7% vs 37.9%); however, the difference was not statis-
tically significant (P¼ .7). Supplementary Table 4 (available on-
line) shows a side-by-side comparison of reporting
characteristics between PROs published in a secondary dedi-
cated manuscript and those published only in the primary
manuscript.

PRO Characteristics

Among the 21 studies that published PRO data, PROs were de-
fined as exploratory endpoints in 10 (10 of 21 [47.6%]); as sec-
ondary endpoints in 9 (9 of 21; [42.9%]); and the type of PRO
endpoint was unclear, meaning not specified, in 2 (2 of 21
[9.5%]) (Table 3). Only 4 studies (4 of 21 [19.0%]) reported a spe-
cific PRO hypothesis, including 2 that defined the PRO

Table 2. Characteristics of FDA approvals (n¼ 42) and clinical trial
publications leading to these approvals (n¼ 44)a

Trial characteristic No. (%)

Approved immunotherapy type (n¼ 42)
Anti–PD-1

Pembrolizumab 11 (26.2)
Nivolumab 11 (26.2)
Cemiplimab 1 (2.4)

Anti–PD-L1
Atezolizumab 3 (7.1)
Avelumab 2 (4.8)
Durvalumab 2 (4.8)

Anti–PD-1þAnti–CTLA-4
Nivolumab þ ipilimumab 3 (7.1)

Anti–PD-1þ chemotherapy
Pembrolizumab þ carboplatin þ

paclitaxel/nab-paclitaxel
1 (2.4)

Pembrolizumab þ carboplatin þ pemetrexed 1 (2.4)
Pembrolizumab þ pemetrexed þ platinum 1 (2.4)

CAR-T cell therapy
Tisagenlecleucel 2 (4.8)
Axicabtagene ciloleucel 1 (2.4)

Anti–CTLA-4
Ipilimumab 2 (4.8)

PegInterferon 1 (2.4)
Approval type (n¼ 42)

Regular 22 (52.4)
Accelerated 20 (47.6)

Approval indication (n¼ 42)
First line 8 (19)
Second line and beyond 30 (71.4)
Adjuvant 3 (7.1)
Maintenance 1 (2.4)

Immunotherapy drug approved alone (n¼ 42) 35 (83.3)
Immunotherapy drug approved in

combination (n¼ 42)
7 (16.7)

Year of FDA drug approval (n¼ 42)
2018 13 (31.0)
2017 13 (31.0)
2016 6 (14.3)
2015 6 (14.3)
2014 2 (4.8)
2011 2 (4.8)

Tumor type (n¼ 42)
Non-small cell lung cancer 12 (28.6)
Melanoma 7 (16.7)
Urothelial cancer 5 (11.9)
Large B-cell lymphoma 3 (7.1)
Renal cell carcinoma 2 (4.8)
Colorectal cancer 2 (4.8)
Hepatocellular carcinoma 2 (4.8)
Squamous cell carcinoma of

the head and neck
2 (4.8)

Hodgkin lymphoma 2 (4.8)
Merkel cell carcinoma 2 (4.8)
Cervical cancer 1 (2.4)
Cutaneous squamous cell carcinoma 1 (2.4)
Gastric or gastroesophageal

junction adenocarcinoma
1 (2.4)

Small cell lung cancer 1 (2.4)
Acute lymphoblastic leukemia 1 (2.4)

Phase of published trial supporting the approval (n¼ 44)
Phase 1 4 (9.1)
Phase 1/2 2 (4.5)

(continued)

Table 2. (continued)

Trial characteristic No. (%)

Phase 2 21 (47.7)
Phase 3 17 (38.6)

Randomization status of published trial
supporting the approval (n¼ 44)

Randomized clinical trial 23 (52.3)
Single-arm clinical trial 21 (47.7)

Supporting trial published data on PROs (n¼ 44) 21 (47.7)

aCAR ¼ chimeric antigen receptor; CTLA-4 ¼ cytotoxic T lymphocyte-associated

protein 4; FDA ¼ Food and Drug Administration; PD-1 ¼ programmed cell death

protein 1; PD-L1 ¼ programmed cell death ligand 1; PRO ¼ patient reported

outcome.
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hypothesis in the trial protocol only and not in the published
manuscript.

PRO Instruments

The most commonly used PRO instrument was the generic
standardized EuroQol-5D questionnaire (17 of 21 [81.0%]). Less

than one-half of the studies that reported PRO data (9 of 21
[42.9%]) used a disease site-specific instrument, for example the
Quality of Life Questionnaire and Lung Cancer Module, a lung
cancer-specific questionnaire.

Clinical Relevance, Statistical Analysis, and Handling of
Missing Data

There was heterogeneity in the definitions of the main data set
used for the analysis of PRO data, with the most commonly
used being “patients with a baseline assessment and at least 1
postbaseline assessment” (8 of 21 [38.1%]) (Table 4). Most studies
(17 of 21 [81.0%]) reported questionnaire completion, and/or
compliance rates, at baseline and at subsequent time points.
Clinical relevance was addressed using several definitions; the
most commonly used was “a change of X points from baseline
within a patient or within a treatment group” (12 of 21 [57.1%]).

Among the 21 PRO studies, 18 (18 of 21 [85.7%]) used descrip-
tive summaries either on their own or alongside other, more ad-
vanced statistical techniques for data analysis. We observed
heterogeneity in the strategies used to conduct the main analy-
sis of the PROs. For example, we identified 9 different statistical
tests used to assess the magnitude of change from baseline.
Although the PRO studies included in our review tested for mul-
tidimensional endpoints and assessed multiple time points,
only 3 (3 of 21 [14.3%]) studies performed a correction for multi-
ple testing (control for type I error). The strategy to handle miss-
ing data was stated in 17 (17 of 21 [81.0%]) studies; however, 2
studies stated that the approach to deal with missing data was
“no imputations” and 1 stated that it was “left as missing.”

PRO Conclusions and Limitations

Sixteen of the 21 (76.2%) published PRO studies discussed the
limitations facing the interpretation of the data (Table 4). As for
the conclusion, single-arm studies concluded either improve-
ment in key PROs (6 of 21 [28.6%]) or stable PROs (1 of 21 [4.8%])
after initiation of treatment. The majority of RCTs concluded
that PRO findings in the experimental arm were superior to
those in the control arm (9 of 21 [42.9%]).

PROEAS Ratings

Of the 23 RCTs in our dataset, 14 (60.9%) published PRO data, in-
cluding 13 that published a secondary dedicated PRO manu-
script. The PROEAS was used to assess data from these 14 RCTs,
and all single-arm studies were excluded from this analysis.
The mean PROEAS was 12.71 (range ¼ 5-17, SD¼ 3.71) on a 24-
point scale. One-half of the studies had a score of 13 or less (7 of
14 [50.0%]). The most appropriately reported item was specify-
ing PRO endpoints in the clinical trial protocol (14 of 14 [100%])
(Table 5). In contrast, none of the studies provided a definition
for missing data in the trial protocol or in the methods section
of the published manuscript. The most deficient subcategory
score was “general handling of missing data,” with a mean
score of 1.71 on a 5-point subscale (range ¼ 0-4, SD ¼ 1.27); only
4 studies (4 of 14 [28.6%]) documented a priori, meaning in the
trial protocol, the approach for handling missing data. The
second-most deficient subcategory score was “standardizing
statistical terms related to missing data” with a mean score of
2.5 on a 6-point subscale (range ¼ 0-4, SD ¼ 1.16). The
“taxonomy of research objectives” subcategory mean score was
3.86 (range ¼ 2-6, SD ¼ 1.29) on a 7-point subscale. In this

Table 3. Characteristics of included PRO publications and their PRO
data collection methods (n¼ 21)a

PRO characteristic No. (%)

PRO publication year
2019 3 (14.3)
2018 4 (19.0)
2017 10 (47.6)
2016 2 (9.5)
2012 1 (4.8)
2009 1 (4.8)

Journal impact factor at time of publication
<10 5 (23.8)
10-20 3 (14.3)
>20 13 (61.9)

PRO stated as an endpoint
Primary endpoint 0
Secondary endpoint 9 (42.9)
Exploratory endpoint 10 (47.6)
Unclear 2 (9.5)

PRO hypothesis
Specific 4 (19.0)
Broad 12 (57.1)
Not reported 5 (23.8)

PRO instruments
PRO instruments used

EQ-5D 17 (81.0)
EORTC QLQ-C30 14 (66.7)
EORTC QLQ-LC13 4 (19.0)
LCSS 2 (9.5)
IFN-specific symptom checklist 1 (4.8)
FKSI-DRS 1 (4.8)
FACT-G 1 (4.8)
FACT-M 1 (4.8)
FKSI-19 1 (4.8)
PedsQL 1 (4.8)
QLQ-H&N35 1 (4.8)

Site-specific PRO instrument 9 (42.9)
Reference of the PRO instrument provided 18 (85.7)

Data collection
PRO collection method

Electronic 10 (47.6)
Paper 6 (28.6)
Not reported 5 (23.8)

Time point assessment
Baseline time point collected 21 (100)
Two or more follow-up time points collected 21 (100)

aEORTC QLQ-C30 ¼ European Organisation for Research and Treatment of

Cancer Quality of Life Questionnaire-core questionnaire; EORTC QLQ-LC13 ¼
EORTC QLQ-Lung Cancer Module; EQ-5D ¼ EuroQol-5D; FACT-G ¼ Functional

Assessment of Cancer Therapy: General; FACT-M ¼ FACT-Melanoma; FKSI-19 ¼
Functional Assessment of Cancer Therapy – Kidney Symptom Index; FKSI-DRS

¼ Functional Assessment of Cancer Therapy – Kidney Symptom Index—Disease

Related Symptoms; IFN ¼ interferon; LCSS ¼ Lung Cancer Symptom Scale;

PedsQL ¼ Pediatric Quality of Life Inventory; PRO ¼ patient-reported outcome;

QLQ-H&N35 ¼ Quality of Life Questionnaire Head and Neck Cancer Module.
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subcategory score, the clinical relevance for between-group dif-
ferences was prespecified in the trial protocol in only 1 of the
RCTs (1 of 14 [7.1%]). The “recommending statistical methods”
subcategory mean score was 4.64 (range ¼ 0-6, SD ¼ 1.49) on a 6-

point subscale. In this subcategory score, 12 RCTs (12 of 14
[85.7%]) used at least 1 appropriate statistical test to evaluate
the tested PRO endpoint. On further analysis, we found that
PRO studies of drugs approved during or after the year 2016 had

Table 4. Data reporting, clinical relevance, and statistical analysis methods used for PRO data (n¼21)

Variable No. (%)

Data reporting
Definition of study population

Patients with a baseline assessment and at least 1 postbaseline assessment 8 (38.1)
Intent to treat 5 (23.8)
Patients who received at least 1 dose of study medication and completed at least 1 assessment 4 (19.0)
Modified intent-to-treat population 1 (4.8)
Intent-to-treat population with nonmissing baseline measurements 1 (4.8)
Not clearly defined 2 (9.5)

PRO completion rate
Completion/compliance rate table included in the manuscript 17 (81.0)

Clinical relevance threshold was prespecified as
Change of X points from baseline within-patient or treatment group 12 (57.1)
Difference of X points between arms at a certain timepoint 2 (9.5)
Both 3 (14.3)
Not reported 4 (19.0)

Clinical relevance was justified and citeda 17 (81.0)
Reporting of descriptive data 18 (85.7)

Data analysis
Primary statistical technique

Time-to-event analysis
Cox proportional hazard/Cox regression model 11 (52.4)
Log rank test 6 (28.6)
Brookmeyer and Crowley 1 (4.8)

Magnitude of change from baseline analysis
Mixed-model for repeated measures 6 (28.6)
cLDA/LDA 4 (19.0)
Mixed effects model 3 (14.3)
ANCOVA 2 (9.5)
t tests 3 (14.3)
Chi-square 2 (9.5)
Conventional Wald method 1 (4.8)
ANOVA 1 (4.8)

Linear regression 1 (4.8)
Response trajectory over time

Linear mixed effects model 4 (19.0)
Symptom improvement rate at time t analysis

Clopper Pearson 2 (9.5)
Logistic regression 2 (9.5)
Not reported or unclear 2 (9.5)

PRO scores were compared at baseline between 2 arms 13 (61.9)
Control for type I error 3 (14.3)
PRO data analysis stratified by ethnicity/race 0
Handling of missing data

Strategy to deal with missing data is definedb 17 (81.0)
Detailed reasons for missing data by timepoint reported 0

PRO specific limitations stated in the discussion section 16 (76.2)
PRO conclusion

Improvement in key PROsc 6 (28.6)
Stable PROsc 1 (4.8)
Experimental arm is superior to control arm 9 (42.9)
Similar outcomes between experimental arm and control arm 3 (14.3)
Experimental arm is inferior to control arm 2 (9.5)

aArticles that did not justify clinical relevance where those that did not specify the clinical relevance. Numbers are rounded to the nearest whole number. ANCOVA ¼
analysis of covariance; ANOVA ¼ analysis of variance; cLDA ¼ constrained LDA; LDA ¼ longitudinal data analysis; PRO ¼ patient-reported outcome.
bTwo manuscripts stated that the approach to deal with missing data was “no imputations” and 1 stated that the approach to deal with missing data was “left as

missing.”
cSingle-arm studies.
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a numerically higher mean score than those published between
2011 and 2015 (13.29 vs 12.29, respectively). Similarly, PRO stud-
ies published during or after 2018 had a numerically higher
mean score than those published between 2011 and 2017 (12.68
vs 11.78, respectively). Additionally, PRO articles published in
journals with an impact factor (IF) of at least 11 had a higher
mean score than those published in journals with an IF less
than 11 (13.33 vs 11.6, respectively).

Discussion

Our study summarizes the state of PROs associated with immu-
notherapy drugs for cancer treatment that led to FDA drug
approvals. Our data showed a considerable gap in the reporting
of PROs. In fact, PROs were published for less than one-half (21
of 44 [47.7%]) of the trial publications supporting the FDA appro-
vals, taking note that 5 (5 of 44 [11.4%]) studies published pre-
liminary PRO results in the primary clinical outcomes
manuscript only. The latter fact is important to note because
the publication of PROs in primary clinical outcomes manu-
scripts limits the space allocated to PRO results and leads to the
inclusion of only a small part of the data (22). Although the
CONSORT-PRO recommends reporting key primary and second-
ary PRO outcomes in the main trial’s manuscript, the consor-
tium encourages publishing other PRO endpoints (such as
exploratory) and components of composite PRO scores in the
online supplements of the journal alongside the primary clini-
cal outcomes manuscript (30). It is important to note that some
of the trials that did not publish PRO data did not plan to include

PROs as endpoints; nonetheless, the vast majority of immuno-
therapy trials did plan to collect data on PROs but failed to re-
port them. The relative recency of immunotherapy drugs and
their accelerated approvals have led to short-term, real-world
experience with these drugs. Therefore, providing comprehen-
sive data about these drugs, including PROs, allows treating
physicians to adopt a patient-centered approach.

The absence of a specific hypothesis is a well-recognized
weakness in the design of PRO studies, as shown in previous
reviews (20,21,23), and our study further emphasizes this weak-
ness. The timeline and characteristics of AEs associated with
immunotherapy are different from those associated with che-
motherapy; therefore, stating a specific hypothesis specifying
prespecified time points and PRO aspects pertinent to immuno-
therapy is crucial for synthesizing relevant data (36,37) because
different analytic strategies may lead to different conclusions
(38-40). Additionally, we identified several instruments used to
collect PRO data, but the majority of studies did not use disease
site-specific PRO tools, and none used an immunotherapy-
specific PRO tool. This latter fact is largely due to the lack of
instruments developed and validated to assess HRQoL changes
and symptom patterns specific to patients receiving immuno-
therapy drugs. Traditional PRO instruments measure common
symptoms and effects that historically have been associated
with chemotherapy; however, these instruments may fail to de-
tect changes in HRQoL or symptoms that are specific to the use
of immunotherapy drugs (41,42).

Our review showed substantial variability among studies in
the types of statistical tests and approaches used. This hetero-
geneity poses challenges when attempting to summarize the

Table 5. PROEAS item reporting for randomized clinical trials (n¼ 14)a

Variable No. (%)

Taxonomy of research objectives
PRO endpoints were specified in the trial protocol 14 (100)
Hypothesis requirement was met as needed 9 (64.3)
Endpoints were used to make appropriate conclusions 9 (64.3)
Direction of the hypothesis was prespecified in the trial protocol if required 9 (64.3)
Clinical relevance for between-group differences was prespecified in the trial protocol 1 (7.1)
Within-treatment group objective stated in the trial protocol 5 (35.7)
Clinical relevance for within-patient or within–treatment group change was predefined in the trial protocol 7 (50.0)

Recommending statistical methods
Statistical test comparing 2 groups done when appropriate 13 (92.9)
Provided P values for statistical significance 12 (85.7)
Tests used adjusted for baseline covariates 13 (92.9)
Tests used handled clustered data (repeated assessments) 12 (85.7)
Correction for multiple testing done appropriately 3 (21.4)
Used at least 1 appropriate statistical test to evaluate the tested outcome 12 (85.7)

Standardizing statistical terms related to missing data
A definition for missing data was reported 0
Study did not consider PRO assessments for deceased patients as missing data 1 (7.1)
Variable denominator rate reported 9 (64.3)
Fixed denominator rate reported 6 (42.9)
Absolute numbers for both numerators and denominators were reported 11 (78.6)
A CONSORT diagram or table reporting reasons for treatment discontinuation was provided 9 (64.3)

General handling of missing data
Study documented a priori the approach for handling missing data 4 (28.6)
Item-level missing data handled according to the scoring algorithm of the instrument 3 (21.4)
A method that allows the use of all available data was used to approach missing data 1 (7.1)
Study did not use explicit imputation methods unless justified 7 (50.0)
At least 2 different approaches to handle missing data were used 5 (35.7)

aCONSORT ¼ Consolidated Standards of Reporting Trials; PRO ¼ patient-reported outcome; PROEAS ¼ Patient Reported Outcomes Endpoints Analysis Score; SISAQOL

¼ Setting International Standards in Analyzing Patient-Reported Outcomes and Quality of Life Endpoints Data.

S
Y

S
T

EM
A

T
IC

R
EV

IE
W

H. Safa et al. | 539



evidence regarding PROs associated with the use of immuno-
therapy drugs; it also limits the medical community’s ability to
perform comparisons between trials. Our data also showed an
additional deficiency in the analysis of PRO data regarding the
correction for multiple testing (control for type I error).
Adjusting P values to compensate for type I error is a fundamen-
tal step in preventing overreaching conclusions regarding safety
data (43). This gap in reporting was also identified in other
reviews examining the state of statistical reporting in clinical
trials of other types of cancer treatments (19,32). Most impor-
tantly, none of the single-arm studies reported a deterioration
in PROs after administration of the drug, and very few of the
RCTs in our cohort reported inferior PROs compared with the
control arm (2/21 [9.5%]), which raises the question of whether
negative PRO results go unpublished because they are thought
to be uninteresting data.

Efforts to standardize the methods to handle and analyze
PRO data resulted in the recent publication of guidelines and
recommendations by the SISAQOL Consortium regarding the
existing gap in this area of RCTs (31). Using the PROEAS, our
data showed that none of the RCTs met all of the recommenda-
tions of the SISAQOL Consortium, and one-half met 13 or fewer
of 24 recommendations (7 of 14 [50.0%]). The most deficient sub-
category scores were related to the definition and handling of
missing data. According to the SISAQOL Consortium recom-
mendations, missing data should only include data that are
meaningful for testing a certain prespecified hypothesis but
were not collected (31). The abundance of missing data, the ab-
sence of a clear definition for what are considered missing data,
and the poor handling of missing data weaken the statistical
significance of PRO findings and may discredit the stated con-
clusions (44,45). The majority of RCTs (85.7%) used at least 1 ap-
propriate statistical test to evaluate the tested outcome.
Although encouraging, these data should be interpreted with
caution, because most studies used more than 1 statistical test
for multiple outcomes, and not all of these tests were necessar-
ily adhered to the SISAQOL Consortium recommendations.
Several RCTs defined PROs as exploratory endpoints and stated
a comparative conclusion for the 2 arms of the study (5 of 14
[35.7%]). Per SISAQOL recommendations, exploratory endpoints
do not require a predefined hypothesis; however, the recom-
mendations also hold that comparative analysis of exploratory
endpoints should be avoided (31). Authors should be discour-
aged from stating definitive interpretations and would prefera-
bly use descriptive statistics for this type of endpoint. Similarly,
clinical relevance thresholds for within-group or between-group
changes were rarely predefined in the trials’ protocols we
reviewed. Without predefining clinical relevance thresholds,
researchers risk performing statistical analyses without a pre-
specified and justified threshold for statistically significant dif-
ferences, which may lead to false conclusions.

PROEAS mean scores suggested that the quality of PRO de-
sign and analysis in RCTs may have improved over time. This
improvement might be due to previous efforts aimed at stan-
dardizing PROs, such as the SPIRIT-PRO (29) and the CONSORT-
PRO (30), which have items that might overlap with those sug-
gested by the SISAQOL Consortium. Similarly, PROEAS mean
scores were higher when the PRO study was published in jour-
nals with an IF of at least 11. This finding might be explained by
the strict requirements imposed by these journals, which com-
monly require more robust methods and reporting and may be
particularly critical in their review of the manuscripts and trials’
protocols before publication.

Our study has several limitations. First, we included only
clinical trials related to immunotherapy drugs that led to FDA
approvals. We believe this was a limitation given that our data
and conclusions cannot be extrapolated to all immunotherapy
trials in the mentioned timeframe, including those that did not
lead to FDA approvals. Second, the PROEAS is based on recom-
mendations that are pertinent to RCTs only, and therefore we
were unable to provide an objective scale to measure the quality
of the methods in single-arm clinical trials. Furthermore, the
SISAQOL Consortium is still developing additional standards re-
garding PRO methods and designs; thus, our PROEAS evaluated
only items that are included in the current recommendations.
In contrast, the strength of this study emerges from its robust
data collection strategy, which used both the trials’ protocols
and the published manuscripts to acquire the information re-
quired. Additionally, we used the most up-to-date recommen-
dations from the SISAQOL Consortium; to our knowledge, this is
the first study to use this approach for PRO quality assessment
in RCTs.

The fast pace at which immunotherapy is evolving comes at
the cost of suboptimal reporting and delays in publishing PROs.
Much is still unknown about the PROs of immunotherapy drugs
that have received FDA approval, because PRO data are missing
for most trials. A standardized design and methodology as well
as timely reporting of PROs are crucial for anticipating the real-
world patient experience associated with these drugs.
Collective efforts have been under way to overcome the absence
of clear guidelines on designing, analyzing, and reporting PRO
data, and the field has made tremendous progress exhibited by
the recommendations of CONSORT-PRO, SPIRIT-PRO, and
SISAQOL (29-31). Additionally, multiple new tools are emerging
in the field of PROs to optimize the feasibility and usability of
PROs in clinical trials, including the PRO-CTCAE and FACT-GP5
question. The PRO-CTCAE offers an opportunity to generate
PRO data based on a standardized measurement system provid-
ing a flexible fit-for-purpose approach that is relevant across a
broad range of cancer therapies (26,27). The FACT-GP5 is an in-
creasingly popular tool consisting of 1 question with a promise
of providing an overall summary measure of the burden of AEs
on the patient’s quality of life (46). This question measures the
extent to which patients are bothered by side effects of treat-
ments. It has been shown to strongly correlate with the ability
of patients to enjoy life and with the grade of clinician-reported
AEs (46). The PRO-CTCAE and the FACT-GP5 are not widely used
in immunotherapy clinical trials as shown by our data.
However, these tools have the potential to maximize the rele-
vance of PRO data in clinical decision making and could offer
trialists a valuable addition in the design of future immunother-
apy trials. A next step is to move toward proper implementation
of these recommendations and tools to maximize the value of
PRO data. Efforts towards this next step are being led by initia-
tives such as the Patient-Reported Outcomes Tools: Engaging
Users and Stakeholders consortium involving key patient, clini-
cian, research, and regulatory groups working together to coor-
dinate and promote the uptake of the most up-to-date practices
in PRO collection and handling (47).

Our study provides insight into the status of PROs in the im-
munotherapy era, presents an objective measure of the quality
of PROs using the PROEAS, and serves to identify the deficien-
cies and limitations in their design, methodology, and report-
ing. Ultimately, more inclusive reviews should be performed to
evaluate the extent to which all oncology clinical trials align
with the recent recommendations of the SISAQOL Consortium.
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