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"cancer" AND "clinical trials". Articles were also identified through searches of the 85 
authors’ own files. Only papers published in English were reviewed. The final 86 
reference list was generated on the basis of originality and relevance to the broad 87 
scope of this Review. 88 
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Abstract (150 words unstructured summary) 90 
Patient-reported outcome (PRO) data, assessing symptoms, functioning and other 91 
aspects of health-related quality of life, are increasingly being evaluated in cancer 92 
randomized controlled trials (RCTs) to provide information on treatment risks, 93 
benefits, and tolerability. However, expert opinion and critical review of the literature 94 
have demonstrated no consensus on the analysis of PRO data in cancer RCTs, 95 
hindering interpretation of results. The Setting International Standards in Analyzing 96 
Patient-Reported Outcomes and Quality of Life Endpoints Data (SISAQOL) 97 
Consortium was formed to set recommendations for PRO analysis in cancer RCTs.  98 
Four specific issues were prioritized: (a) developing a taxonomy of research 99 
objectives that can be matched with appropriate statistical methods, (b) identifying 100 
appropriate statistical methods to analyze PRO data, (c) standardizing statistical 101 
terminology related to missing data, and (d) determining appropriate ways of 102 
handling missing data. In this review, we present SISAQOL’s first set of PRO 103 
analysis recommendations. They were developed through critical reviews of the 104 
literature and a structured collaborative process with diverse international experts 105 
and stakeholders, providing a strong foundation for widespread endorsement of 106 
these recommendations. 107 

 108 

  109 
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Introduction 110 
The use of patient-reported outcomes (PRO) in cancer clinical trials allows the 111 
patient voice to be incorporated in the evaluation of risks and benefits of cancer 112 
therapies. It can also facilitate patient, provider, payer and regulatory decision 113 
making 1–3. Although PROs are now frequently collected in cancer clinical trials, 114 
evidence from systematic reviews shows a lack of standards and clear guidelines on 115 
how to analyze and interpret PRO data 4–6. This shortcoming makes it difficult to 116 
evaluate conclusions drawn from PRO findings 7. As resources to cover costs of 117 
cancer care become scarcer and treatment costs increase 8, it is critical that PRO 118 
findings are obtained and analyzed consistently across studies to produce 119 
meaningful and reliable results that can aid treatment choices and policy decisions.  120 
To address this need, the Setting International Standards in Analyzing Patient-121 
Reported Outcomes and Quality of Life Endpoints Data (SISAQOL) Consortium was 122 
formed 7. The SISAQOL Consortium comprises international experts including PRO 123 
researchers and statisticians, representatives from regulatory bodies, academic 124 
societies, pharmaceutical industry, cancer institutes, and patient organizations. This 125 
document presents SISAQOL’s first set of recommendations for PRO analysis in 126 
cancer randomized controlled trials (RCTs), excluding preference weighted 127 
measures.  It focuses on four key priorities 9: (a) developing a taxonomy of research 128 
objectives that can be matched with appropriate statistical methods, (b) identifying 129 
appropriate statistical methods to analyze PRO data, (c) standardizing statistical 130 
terminology related to missing data, and (d) determining appropriate ways of 131 
handling missing data. 132 

Methods 133 

Described below are key developments that led to the SISAQOL recommendations 134 
(see also Figure 1 for an overview).  135 

1. Selection of expert and multi-stakeholder panel 136 

AB and CC were appointed by the European Organisation for Research and 137 
Treatment of Cancer (EORTC) to standardize PRO analysis in cancer RCTs. In 138 
2016, AB and CC invited experts and different stakeholders experienced with PROs 139 
in cancer RCTs with the goal to form an international, multi-stakeholder consortium. 140 
Experts were consulted to recommend colleagues to ensure that SISAQOL is a 141 
broad international group representing different disciplines. The idea was discussed 142 
at major events and meetings such as the bi-annual EORTC Quality of Life Group 143 
meeting and at international society meetings (e.g., International Society for Quality 144 
of Life Research, International Society for Pharmacoeconomics and Outcomes 145 
Research, American Society of Clinical Oncology,  European Society for Medical 146 
Oncology) to secure representatives. When requested, a memorandum of 147 
understanding was set-up between EORTC and the international societies. An 148 
internal EORTC team was formed to support the consortium. Expertise and profiles 149 
of the invited experts at every stage of the development of these recommendations 150 
can be found in Appendix 1, Table 1.  151 

2. Expert views and systematic reviews 152 

Twenty-six experts and stakeholders attended the SISAQOL kick-off meeting in 2016 153 
to discuss challenges in PRO analysis in cancer RCTs. Agreement was reached on 154 
the lack of international standards and that this work was urgently needed 7. 155 
Systematic reviews assessing the current state of PRO analysis in RCTs in different 156 
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cancer disease sites supported this view 4–6. Four key findings were highlighted: a 157 
lack of specific PRO hypotheses, use of various analysis methods, failure to address 158 
the clinical relevance of PRO findings, and ignoring missing data. These findings 159 
were also consistent with systematic reviews evaluating inclusion of PROs in 160 
protocols 10, and reporting of PROs in publications 11–15. 161 

3. Strategic meeting 162 

Twenty-nine experts and stakeholders attended the strategy meeting in 2018. Based 163 
on the evidence gathered, it was agreed that no international standards for PRO 164 
analysis in cancer RCTs exist. A core issue was identified: current PRO objectives 165 
and hypotheses tend to be broad and uninformative for PRO analysis. As such, the 166 
consortium agreed to focus on four key priorities: 167 

- Developing a taxonomy of research objectives that can be matched with 168 
appropriate statistical methods 169 

- Identifying statistical methods appropriate to address specific PRO research 170 
objectives 171 

- Standardizing statistical terminology related to missing data 172 
- Determining  appropriate ways of handling missing data 173 

4. Working Groups 174 

Based on the agreed on priorities, four working groups were assembled: (1) research 175 
objectives, (2) statistical methods, (3) standardization of statistical terms (with an 176 
initial focus on defining and evaluating missing data), and (4) general handling of 177 
missing data 9.  Described below are specific goals and methods of each working 178 
group. Final outputs from each working group were used as proposed statements for 179 
the SISAQOL recommendations. More information describing this process for each 180 
working group can be found in Appendix 1, Table 2. 181 

Research objectives working group. Systematic reviews consistently showed a lack 182 
of well-defined PRO research hypotheses in cancer RCTs 5,6,10,13,15. A well-defined 183 
PRO hypothesis is needed to provide a clear understanding of what needs to be 184 
estimated from the PRO data, which can then inform appropriate analysis decisions. 185 
Research objectives working group members were tasked with developing a 186 
framework for PRO research objectives that can inform the statistical method to use 187 
(taxonomy of PRO research objectives), and to provide standardized definitions for 188 
key PRO objectives. An initial framework was developed through discussions.  The 189 
framework was circulated to all research objectives working group members for 190 
further refinement. A survey was conducted among the working group members to 191 
standardize definitions of key research PRO objectives: improvement, worsening 192 
and stable state (Appendix 2, Table 1 for survey results).  193 

Statistical methods working group. Findings from systematic reviews demonstrated 194 
that there is no consensus on appropriate statistical methods for PRO data analysis 195 
4–6. Moreover, there is no single analysis method that can address all clinical, trial 196 
design and analytical concerns. It was agreed that having set criteria to evaluate 197 
statistical methods for PRO analysis would be critical to allow the choice to be more 198 
scientifically informed 9.  199 

A list of 19 statistical criteria was developed through literature search and expert 200 
discussions. A survey was conducted among the statistical methods working group 201 
members, in which they rated each proposed statistical criterion as “essential,” 202 
“desirable,” or “non-essential” for PRO analysis. An open-ended question was also 203 
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included to capture additional criteria. Survey results were discussed and the set of 204 
criteria was updated until individual concerns were addressed (Appendix 2, Table 2 205 
for survey results).  206 

The agreed on set of statistical criteria was used by the statistical methods working 207 
group to evaluate the initial list of statistical methods identified in the metastatic 208 
breast cancer systematic review 5. A draft report on the evaluation of statistical 209 
methods was circulated and reviewed by the statistical methods working group 210 
members (see Appendix 2, Table 3 for detailed results of this report). Recommended 211 
methods for each PRO objective were discussed and updated until all individual 212 
concerns were addressed.  213 

Standardizing statistical terms (focus on defining and evaluating missing data). 214 
Missing PRO data is the on-going challenge in cancer clinical trials because patients 215 
drop out of study for different reasons, including predefined progression of disease, 216 
death, intolerable toxicity, and patient or clinician decision 16–18. In order to evaluate 217 
the extent of missing data, missing data rates should be reported in a standardized 218 
way since PRO estimates may be biased if a large number of patients fail to 219 
complete the PRO assessments 19. However, the very definition of “missing data” 220 
remains opaque and elusive. For example, it is unclear whether unobserved 221 
assessments after patients drop out of study because of disease progression is 222 
missing data. Therefore, the aim of this working group was to standardize the 223 
definition of missing data and the reporting of missing data rates; and to clarify their 224 
relationships with the PRO study population and PRO analysis population (i.e., 225 
patients that will be included in the primary PRO analysis).  226 

 227 

A first set of definitions/calculations for missing data rates was extracted from 228 
published RCTs in a systematic literature review of metastatic breast cancer reports 229 
5. An exploratory literature search in additional peer-reviewed publications was 230 
conducted to check for other definitions of missing data and ways to calculate 231 
missing data rates. Consortium members responded to a survey to standardize 232 
these definitions (Appendix 2, Table 4 for survey results). Findings were discussed 233 
until all individual concerns were addressed.  234 

Handling of missing data. The missing data working group was tasked with 235 
identifying whether it was possible to set a threshold for missing data based on 236 
simulation studies (how much missing data is too much?); develop a standardized 237 
case report form (CRF) to identify reasons for PRO non-completion; recommend a 238 
general strategy for handling missing data; and test a set of macros for various 239 
missing data settings for sensitivity analysis.  240 

Monte Carlo simulations were performed to assess how increasing missing data 241 
rates impact bias and power in a typical RCT. The simulation results were planned 242 
as a the basis for later recommendations on thresholds for missing data20   243 

In an effort to develop a standardized case report form (CRF) with possible reasons 244 
for PRO non-completion, existing CRF templates from seven different institutions 245 
were collected 21. An initial list of 27 reasons for PRO non-completion was compiled. 246 
A survey was conducted among all consortium members, where members indicated 247 
whether the reason for non-completion (a) should be included in the standard CRF, 248 
(b) is related to the patient’s health, and (c) affects data quality (Appendix 2 Table 5 249 
for survey results).  250 
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5. SISAQOL recommendations meeting 251 

Thirty-one experts and stakeholders attended the SISAQOL recommendations 252 
meeting in 2018. The meeting aimed to ratify the statements proposed by the 253 
different working groups. The meeting was divided into four sessions, representing 254 
each working group: (1) taxonomy of research objectives; (2) recommending 255 
statistical methods; (3) standardizing terminology related to missing data; and (4) 256 
handling of missing data.  257 

For each statement, participants voted either to agree, disagree, or abstain. A 258 
proposed statement was ratified if at least two-thirds of the voters agreed on the 259 
statement.  A statement was rejected if less than half of the voters agreed on the 260 
statement. A statement was postponed or for discussion if it did not meet the 261 
agreement or rejection criteria, or if it was agreed by the consortium that more 262 
discussion was needed. A statement was cancelled if it was conditional on the 263 
ratification of a previous statement, and the previous statement was not ratified. 264 
Participants who abstained or did not vote for a specific statement were not included 265 
in the total number of voters. 266 

 267 

  268 
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Results 269 

SISAQOL recommendations and their considerations are presented in Table 1. A 270 
brief overview is presented in Table 2. Statements that were not ratified, including 271 
reasons for non-ratification, can be found in Appendix 3, Table 1. A brief summary of 272 
the recommendations for each section is described below. 273 

SISAQOL recommendations 274 

Forty-three statements were presented at the recommendations meeting, of which 275 
32 were ratified (32/43; 74%), 8 were postponed, (8/43; 19%), 1 was rejected (1/43; 276 
2%) and 2 were cancelled (2/43; 5%). Appendix 3, Table 2 shows the voting results 277 
of all proposed statements.  278 

Section 1: Taxonomy of research objectives 279 

All proposed statements from the research objectives working group were ratified 280 
(9/9; 100%).  A taxonomy of PRO research objectives for cancer RCTs was 281 
recommended. The framework will aid the development of well-defined PRO 282 
objectives that can be matched with appropriate statistical methods. An overview of 283 
this framework can be found in Table 2.  284 

When developing a PRO objective, the PRO domain(s) and time frame of interest 285 
should be pre-specified 22,23. Critically, four key attributes need to be considered a 286 
priori for each PRO domain:  287 

- Broad PRO research objective: treatment efficacy / clinical benefit (confirmatory), 288 
or describe patient perspective (exploratory / descriptive)  289 

- Between-arm PRO objective:  superiority or equivalence / non-inferiority  290 
- Within-treatment group PRO assumption for the treatment or control arm:  291 

worsening, stable state, improvement or overall effect  292 
- Within-patient/within-treatment PRO objective: time to event, magnitude of event 293 

at time t, proportion of responders at time t, overall PRO score over time or 294 
response patterns/profiles  295 

Considerations for each attribute are found in Table 1, RS 1-5. Recommended 296 
standardized definitions of improvement, stable state, worsening, and overall effects 297 
were ratified (see Table 1, RS 6-9). 298 

Section 2: Recommended statistical methods 299 

The majority of the proposed statements for this section were ratified (6/7; 86%).  A 300 
set of essential and highly desirable statistical criteria for defining appropriate 301 
statistical methods for PRO analysis was recommended. If a statistical method did 302 
not satisfy an essential criterion, then the method could not be recommended as 303 
appropriate for PRO analysis.  304 

Two essential statistical properties were identified: the ability to perform a 305 
comparative test (statistical significance) and to produce interpretable treatment 306 
effect estimates (clinical relevance). Highly desirable criteria were the ability to adjust 307 
for covariates, including baseline PRO score, handle missing data with the least 308 
restrictions, and handle clustered data (repeated assessments). More information on 309 
these criteria can be found on Table 1 (RS 10). When two or more statistical 310 
methods fit the essential and highly desirable criteria equally, the simpler method 311 
was prioritized. Although there are advantages in recommending more complex 312 
models (e.g., pattern mixture models), this often comes at the cost of strong and 313 
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untestable assumptions and produces results that may not be easily interpretable for 314 
non-statisticians. A balance between feasibility, usefulness, interpretability and 315 
statistical correctness remains critical for the primary PRO analysis; however, more 316 
complex models can be deployed as sensitivity analysis to test the robustness of the 317 
primary result. 318 

 319 

Based on the agreed set of statistical criteria and selection criteria, statistical 320 
methods were recommended for each PRO objective. Two statistical methods were 321 
recommended: (a) Cox proportional hazards for time to event PRO objectives (Table 322 
1, RS 11), and (b) linear mixed models for magnitude of event at time t (Table 1, RS 323 
12) and response patterns/profiles (Table 1, RS 15).  In exceptional cases where the 324 
PRO design only required baseline and one follow-up assessment, linear regression 325 
was recommended as the appropriate statistical method (Table 1, RS 13). 326 

Notably, because clinical relevance was agreed to be an essential criterion for PRO 327 
analysis, parametric methods were recommended over non-parametric methods.  328 
However, parametric methods have limitations, most importantly, their reliance on 329 
distributional assumptions 24. To address this limitation, it was recommended that 330 
non-parametric methods should be used for sensitivity analysis to investigate 331 
deviations from these assumptions 24. 332 

No agreement was reached on appropriate statistical methods to evaluate 333 
longitudinal data for proportion of responders, prompting further discussions. Also, 334 
no agreement was reached on recommended summary measures for PRO data over 335 
time (e.g., min/max, AUC, overall means), but it was recognized that summary 336 
measures should be part of SISAQOL’s future work (Table 1, RS 14). Whether 337 
ordinal data can be analyzed as a continuous measure needs further investigation; 338 
discussions on this issue revolved around statistical approximation, complexity of the 339 
model, and ease of interpretation. 340 

Section 3: Standardizing Terminology related to Missing Data 341 

The majority of the proposed statements for this section were ratified (8/11; 73%).  342 
Recommendation on the definition of missing PRO data was proposed: missing PRO 343 
data is data that would be meaningful for the analysis of a given research objective, 344 
but were not collected for any reason (Table 1, RS 16-17; 25,26. This definition 345 
clarifies that not all unobserved assessments are considered as missing data 346 
depending on the scientific question (e.g., unobserved assessments after death; 347 
unobserved assessments off-treatment if the PRO objective focuses on on-treatment 348 
patients; or unobserved assessments after the PRO objective has been reached). 349 
However, depending on the analysis method, all unobserved assessments may 350 
implicitly be treated similarly as missing data 27. Recommendations on how to 351 
specifically deal with missing data for each recommended method is the next step for 352 
SISAQOL work.  353 

The current document stresses the importance of differentiating missing 354 
observations in relation to a reference set of expected data (see Table 1, RS 19-22). 355 
The discussion resulted in two definitions: 1) The available data rate (a fixed 356 
denominator rate) has the number of patients on PRO assessment submitting a valid 357 
PRO assessment at the designated time point as numerator and the number of 358 
patients in the PRO study population as denominator (i.e. all patients who consented 359 
and were eligible to participate in the PRO data collection).  2) The completion rate 360 
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(a variable denominator rate) also has number of patients on PRO assessment 361 
submitting a valid PRO assessment at the designated time point as numerator and 362 
the number of patients on PRO assessments at the designated time point as 363 
denominator (i.e. all patients who are still expected to provide PRO assessments at 364 
that time point). Of note, the denominator of the completion rate depends on the 365 
chosen research question, e.g. if PRO should be collected only up to progression or 366 
also after progression. It was recommended that patients who died are excluded 367 
from the denominator of the completion rate at assessment points after death. 368 
However, these patients are included in the denominator of the available data rate as 369 
that rate always refers to a fixed set of patients at baseline (see Table 1, RS 18). 370 

 371 

Section 4: Handling of Missing Data 372 

More than half of the proposed statements were ratified in this section (9/16; 56%). A 373 
simulation study was conducted to assess whether it was possible to have a 374 
threshold to define substantial missing data20. Although no agreement was reached 375 
for a threshold, the simulation study showed that impact of missing data rates on 376 
PRO findings depends on the type of missing data (i.e., informative or non-377 
informative missing data). It was recommended that collecting reasons for missing 378 
data is key in assessing the impact of missing data on PRO findings (see Table 1, 379 
RS 24; 18. A case report form to collect in a standardized way reasons for missing 380 
data is needed and will be further developed. General recommendations on how to 381 
handle missing data were proposed (see Table 1, RS 25 - 30).  382 

 383 

  384 
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Discussion 385 
The aim of SISAQOL is to develop a set of recommendations to facilitate standard 386 
methods for PRO analysis in cancer RCTs. Through critical literature reviews and 387 
discussions with international experts and stakeholders, SISAQOL provides a 388 
framework of well-defined PRO research objectives matched with appropriate 389 
statistical method(s) (see Table 2). The Cox proportional hazards test was 390 
recommended as an appropriate analysis method for time-to-event outcomes; and 391 
the linear mixed model was recommended for magnitude of event at time t, and 392 
response patterns/profiles. Recommendations on a standardized definition of 393 
missing PRO data, and reporting of completion and available data rates were 394 
proposed. Some general recommendations for handling missing PRO data were also 395 
suggested.  396 
 397 
Generating robust PRO conclusions from cancer clinical trials is not only about 398 
improving defining research objectives and analysis standards. It also entails 399 
thoughtful trial planning and design with meaningful involvement of patient 400 
representatives from the beginning of the process, high-quality data collection and 401 
transparent reporting of results. We hope this set of recommendations will support 402 
clinical researchers and improve the quality of statistical analysis and clinical 403 
interpretation of PROs in cancer clinical trials. SISAQOL adds to a growing toolbox 404 
of methodological recommendations on best practices for PRO in cancer trials, such 405 
as Standard Protocol Items: Recommendation for Interventional Trials in Patient 406 
Reported Outcomes 23, the Consolidated Standards of Reporting Trials in Patient 407 
Reported Outcomes 28, and other relevant guidelines 29,30. Given the significant 408 
unmet need for safe and effective cancer therapeutics, and the cost and complexity 409 
of cancer clinical trials, it is critical that clinical and healthcare policy decisions made 410 
by regulators, payers, clinicians, and patients and their families are based on robust 411 
scientifically sound international standards.  412 
 413 
Limitations and Future Work 414 
Although this document presents the first set of standards for PRO analysis in 415 
cancer RCTs, much work still needs to be done. First, several proposed statements 416 
need more discussion (e.g., statistical method for proportions of patients at time t, 417 
summary measures and several issues on missing data; see Appendix 3 Table 1 for 418 
more details). Second, the taxonomy of research objectives needs to be applied to 419 
cancer clinical trials so they can be updated and validated, ensuring that they are fit-420 
for-use when planning trials with a PRO endpoint. Third, the choice of statistical 421 
methods to be evaluated for each PRO objective was largely based on commonly 422 
used statistical methods for PRO analysis found in systematic reviews. Although 423 
consortium members were allowed to suggest other methods to include in the 424 
evaluation, other potentially appropriate statistical methods for PRO analysis may 425 
not have been included. Nonetheless, the set of statistical methods evaluated are 426 
time-tested and scientifically rigorous and can be applied in the majority of the cases. 427 
Best statistical practices for each of the recommended methods need to be agreed 428 
upon, including how to handle missing data. Fourth, an agreement on which 429 
summary measures are relevant to address specific PRO objectives is also needed. 430 
Finally, it should be examined how these recommendations relate to the recently 431 
suggested estimands framework 26. As a critical first step, this document has already 432 
defined (a) variables that are useful for PRO analysis, and (b) population level 433 
summaries for the identified PRO variables. Future steps would include identifying 434 
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the target population and intercurrent events relevant for PRO analysis. Feasibility of 435 
applying these recommendations to other clinical contexts will also be explored. 436 
 437 
Conclusion 438 
Patient-reported outcome (PRO) data,  assessing symptoms, functioning and other 439 
aspects of health-related quality of life are increasingly assessed in cancer RCTs to 440 
provide valuable evidence on risks, benefits, safety and tolerability of treatment. 441 
PRO findings inform patient, provider, payer and regulatory decision-making. For 442 
these reasons, it is imperative that PRO findings are robust and derived consistently 443 
across studies to yield meaningful results. The current SISAQOL recommendations 444 
represent a first step towards generating standards for PRO analysis in cancer 445 
RCTs.  446 
 447 
  448 
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614 
Figure 1. Overview of the process towards the development of the SISAQOL Recommendations. 
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Table 1. SISAQOL recommended statements and their considerations 615 
Section 1: Taxonomy of Research Objectives 
Statement No. Recommended statement (RS) Considerations 
RS 1 Clearly state the broad PRO research 

objectives for each PRO domain(s)/item(s) 
of interest:  
- Treatment efficacy / clinical benefit,  
- Exploratory / describe patient 

perspective 

Treatment efficacy / clinical benefit: If a PRO domain will be used to 
provide formal comparative conclusions between treatment arms, 
then the rules for a confirmatory objective are followed: an a-priori 
hypothesis is needed for each PRO domain, which will then be 
statistically tested at the end of the trial 31. If multiple PRO domains 
or multiple assessment points of a PRO domain are of interest, then 
correction for multiple testing is needed.  Components for a well-
defined a priori PRO hypothesis are detailed in the subsequent 
recommended statements (see RS 2 to 5).  
 
Exploratory / describe patient perspective: If a PRO domain will be 
used to describe the patient perspective during the trial or to explore 
the PRO data and use its findings to inform future studies, then the 
rules for descriptive/exploratory objective is followed: an a-priori 
hypothesis is not required for the PRO domain. However, these 
outcomes cannot be used to draw comparative conclusions or used 
as support for treatment efficacy/clinical benefit. Findings should be 
reported as either descriptive (i.e., summarizing estimates with or 
without confidence intervals but no statistical testing is involved), or 
exploratory (i.e., choice of hypothesis may be data-driven and 
statistical testing may be involved, but this should not be used a 
basis of evidence of clinical benefit / treatment efficacy 31.  
 
Both PRO objectives are important and complement each other 32; 
and can be included together within a trial. However, the protocol 
should clearly specify which PRO domains will be used to provide 
evidence of treatment efficacy/clinical benefit, describe the patient 
perspective or are exploratory. 
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RS 2 Clearly state the between treatment-arm 
comparison that will be used for each PRO 
domain/item of interest:  
- Superiority,  
- Equivalence / non-inferiority 

 

Superiority design and analysis techniques differ from equivalence / 
non-inferiority techniques 31,33.  Non-significant p-values from a 
statistical test aimed to assess treatment difference (superiority test) 
should not be used as evidence that the two treatment arms are 
“similar” (equivalent) or “not worse” (non-inferior). 
 
Superiority: A superiority PRO objective aims to show that for the 
pre-specified PRO domain, the treatment arm is superior to the 
reference arm by a clinically relevant treatment effect size. The effect 
size to demonstrate a clinically relevant treatment difference should 
be pre-defined in the protocol. The trial should be designed as to 
allow unbiased and adequately powered testing for the rejection of 
the hypothesis of no treatment effect. 31,34,35.  
 
Equivalence / non-inferiority: An equivalence/non-inferiority PRO 
objective aims to show that for the pre-specified PRO domain, the 
treatment arm is similar (equivalent) or not worse than (non-inferior) 
the reference arm by a pre-specified clinically relevant margin. It is 
critical that these margins are pre-specified in the protocol. The trial 
should be designed as to allow unbiased and adequately powered 
testing for the rejection of the hypothesis of non-equivalence / inferior 
treatment effect 34. 
 
The choice of effect size (superiority) and margins (equivalence / 
non-inferiority) should be tailored to the PRO instrument and clinical 
context; and should be justified on both clinical and statistical 
grounds 34. Trials may include any combination of these between-
treatment arm PRO objectives. However the protocol should clearly 
specify which PRO domain(s)/item(s) will be tested for superiority or 
equivalence / non-inferiority.  

RS 3 Clearly state the within-patient/within-
treatment arm PRO objective in protocol.  

Within-treatment arm PRO assumption: improvement, 
worsening, stable state or overall effect.  



21 
 

Valid within-individual/within-group PRO 
objectives are:  
- Improvement:   

o time to improvement,  
o magnitude of improvement at 

time t,   
o proportion of responders with 

improvement at time t,  
- Worsening:  

o time to worsening,  
o magnitude of worsening at time t,   
o proportion of responders with 

worsening at time t,  
- Stable state:  

o time to [end of] stable state,  
o proportion of responders with 

stable state at time t, 

The choice of whether a worsening, stable state or improvement is 
expected within the treatment group should be based on previous 
literature, expert knowledge or early phase trials. It is also possible 
that the interest for the within-treatment group is not on a specific 
direction of the effect, but rather on an overall effect (i.e., 
summarizing all available scores over time for each patient on a 
specific PRO domain). However caution should be noted that for 
overall effects, since there is no a priori within-treatment group 
assumption, the conclusions drawn may be less robust.  
 
When deciding which within-treatment arm PRO assumption will be 
used, patients’ observed baseline levels on the specific PRO domain 
should be taken into account; this will help inform the feasibility of 
assessing a clinically relevant change for that PRO domain. 
 
Within-patient/within-treatment PRO objective: time to event, 
magnitude of event at time t, proportion of responders at time t, 
overall PRO score over time or response patterns/profiles 
Various within-patient/within-treatment arm PRO endpoints are 
possible, however these are often ignored and erroneously 
interpreted as synonymous.  For example, a PRO endpoint 
examining “time to first worsening while on treatment” is not 
equivalent to the endpoint “magnitude of worsening at 6 weeks”. In 
fact, these PRO endpoints will use different analytical techniques and 
may yield different conclusions. Depending on the endpoint, the 
clinically relevant threshold for the PRO domain may be at the 
patient-level (e.g., within-patient: classifying a patient as a responder 
or not), or at the group level (e.g., within-group; mean change within 
the group) 36. 
 
Within-patient PRO objective: The primary interest is in identifying 
which patients had a clinically relevant response before performing 

RS 4 Valid within-patient/within-treatment arm 
PRO objectives is:  
- Overall effects:  

o overall PRO score over time 

RS 5 Valid within-patient/within-treatment arm 
PRO objectives is:  
- Overall effects:  

o Response patterns/profiles 
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further analysis. The clinically relevant threshold is specified at the 
individual level (i.e., responder definition), which identifies which 
patients had a clinically relevant change or not. This objective is 
linked to endpoints such as time to event or proportion of responders.  
 
Within-treatment arm PRO objective: The primary interest is in 
evaluating whether on average the specified group had a clinically 
relevant change.  The clinically relevant threshold is specified at the 
group level which identifies whether the group had a clinically 
relevant change or not. This objective is linked to endpoints such as 
magnitude of change.  
 
RS 6 to 9 provide more specific definitions for these PRO objectives.  

RS 6 Improvement is defined as change from 
baseline that reaches a pre-defined 
improvement threshold level (post-baseline 
improvement). Improvement is maintained if 
follow-up assessments remain at or are 
higher than the improvement threshold 
(definitive improvement). Improvement is 
discontinued once a follow-up assessment 
is below the improvement threshold 
(transient improvement). See Appendix 2, 
Table 1 for illustration. 

Time to improvement: A clinically relevant within-patient level 
improvement is pre-defined, and the interest is in evaluating the time 
it takes before a clinically relevant improvement is observed. 
Variability in the scores above or below this pre-defined improvement 
threshold is ignored. 
 
Magnitude of improvement at time t: A clinically relevant within-
treatment arm improvement is pre-defined, and the interest is in 
assessing the mean/median improvement (with corresponding 
confidence intervals) at a pre-defined, clinically relevant time point. 
Variability in the observed scores are taken into account. 
  
Proportion of responders with improvement at time t: A clinically 
relevant within-patient level improvement is pre-defined, and the 
interest is in evaluating the number of patients with improvement at a 
pre-defined clinically relevant time point. Variability in the scores 
above or below this pre-defined improvement threshold is ignored. 

RS 7 Worsening is defined as change from 
baseline that reaches a pre-defined 

Time to worsening: A clinically relevant within-patient level worsening 
is pre-defined, and the interest is in evaluating the time it takes 
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worsening threshold level (post-baseline 
worsening). This worsening is maintained if 
follow-up assessments remain at or are 
lower than the worsening threshold. 
Worsening is discontinued once a follow-up 
assessment is above the worsening 
threshold. See Appendix 2, Table 1 for 
illustration. 

before a clinically relevant worsening is observed. Variability in the 
scores above or below this pre-defined worsening threshold is 
ignored. 
 
Magnitude of worsening at time t: A clinically relevant within-
treatment arm worsening is pre-defined, and the interest is in 
assessing the mean/median improvement (with corresponding 
confidence intervals) at a pre-defined clinically relevant time point. 
Variability in the observed scores are taken into account. 
  
Proportion of responders with worsening at time t: A clinically 
relevant within-patient level worsening is pre-defined, and the interest 
is in evaluating the number of patients with worsening at a pre-
defined clinically relevant time point. Variability in the scores above or 
below this pre-defined worsening threshold is ignored. 

RS 8 Stable state is defined as no change from 
baseline is observed, or change from 
baseline is within the pre-defined baseline 
margin. This stable state is maintained if 
follow-up assessments remain at the 
baseline pre-defined margin. The stable 
state is discontinued once the follow-up 
assessment leaves the pre-defined baseline 
margin (and reaches the improvement or 
worsening threshold). 
 
There may be circumstances where the 
relevant PRO objective would include 
improvement in the definition of stable state 
(i.e., at least stable). In this case, the 
definition is as long as follow-up 
assessments do not reach the deterioration 

Disagreement arose because the current definition of stable state 
implies distinction among three possible categories (improvement, 
worsening or stable state). However, situations may occur where 
categories exist between improvement and stable state; and/or 
worsening and stable state (five categories). These additional two 
categories may be used as an error margin between stable state and 
improvement/worsening; or be included as meaningful categories 
(e.g., partial improvement or partial worsening). 
 
Time to (end of) stable state:  For time to stable state, a clinically 
relevant within-patient stable state level is pre-defined, and the 
interest is in evaluating the time it takes before a clinically relevant 
stable state is observed. This endpoint may be useful when 
worsening is expected to occur before a stable state is reached. For 
time to (end of) stable state, the interest is in evaluating the time until 
the stable state ends or time until a clinically relevant improvement 
and/or worsening is observed.  
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threshold, then stable state can still be 
concluded. See Appendix 2, Table 1 for 
illustration. 

 
Proportion of responders with a stable state at time t: A clinically 
relevant within-patient level stable state is pre-defined, and the 
interest is in evaluating the number of patients with a stable state at a 
pre-defined clinically relevant time point. Variability in the scores 
above or below this pre-defined worsening threshold is ignored. 
 
Magnitude of stable state at time t: Unlike worsening or improvement, 
stable state will not have a PRO objective examining magnitude of 
stable state at time t.  When comparing two patients that both meet 
the criteria for stable, one cannot rank or order them so that one 
patient is considered more stable than the other. By definition, 
differing values within the stable state threshold are considered 
‘noise’, i.e., random fluctuations not representing any meaningful 
changes. 

RS 9 Overall effect is defined as summarizing all 
available scores over time for each patient 
on a specific PRO domain/item. 

Disagreement arose on whether overall effect endpoints can be used 
with a treatment efficacy / clinical benefit PRO objective. The 
recommendation is that overall effects can be used alongside a 
treatment efficacy / clinical benefit PRO objectives. Since information 
is lost with this type of endpoint (relative to improvement, worsening 
and stable state), caution should be taken when planning to use 
overall effect endpoints. For example, an overall PRO score over 
time will not capture the direction and timing of an effect.   
 
Overall PRO score over time:  The goal is to summarize all available 
scores over a given time period into a single data point per patient for 
a specific PRO domain. The time frame of interest should be pre-
defined. The resulting outcome can then be used to compare two 
groups. To capture overall PRO score over time, several summary 
measures exist such as the average, minimum/maximum, and area 
under the curve 37,38. These summary measures may or may not 
include the baseline score, depending on the research objective. 
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Clinically relevant thresholds should also be pre-defined to aid 
interpretation of these values. However, by summarizing all available 
data into one score, information is lost and clinically relevant changes 
at particular time points may be obscured 38. Therefore, the analysis 
and presentation of an overall PRO score over time should always 
also include the presentation of the time course of the PRO over a 
pre-defined time period (the period included in the overall PRO 
measure) to support interpretation of the overall PRO score. 
Recommended summary measures are not included in this 
document, but will be part of future work.  
 
Response patterns or profiles: The goal is to describe response 
trajectories over time. Clinically relevant thresholds should also be 
pre-defined to aid interpretation of these values. As it is not always 
straightforward to pre-define the exact profiles within a time frame, 
this within-patient/within-treatment arm PRO research objective is 
recommended to be used alongside a descriptive / exploratory 
objective rather than evidence for treatment efficacy / clinical benefit.  
 

Section 2: Recommending statistical methods 
Recommendation 
No. 

Recommended statement (RS) Considerations 

RS 10 Essential statistical features for analyzing 
PRO data are:  
- perform a statistical test between two 

treatment groups, 
- produce clinically relevant results.  

Highly desirable statistical features are:  
- adjust for covariates, including baseline 

PRO score, 
- handle missing data with the least 

restrictions,  

For more details on how this statement was developed, including the 
list of other statistical features considered, please see Appendix 2, 
Table 2. 
 
Perform a statistical test between two groups: The current scope of 
these recommendations is on RCTs, and testing for statistical 
differences between groups is the main goal of an RCT 39. 
 
Produce clinically relevant results: The chosen statistical method 
should be able to produce results that are easily interpretable for 
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- handle clustered data (repeated 
assessments). 

non-statisticians, guide informative clinical-decision making and 
influence clinical practice. Statistically significant results do not imply 
that results are clinically relevant 40. Therefore, in addition to 
statistically testing for a difference, the method should be able to 
produce estimates on the magnitude, certainty and direction of the 
treatment effect that can be directly linked with the PRO measure.  
This criterion implies that for PRO analysis, parametric is favored 
over non-parametric methods.  Since parametric methods rely on 
distributional assumptions, it is recommended that non-parametric 
methods are used for sensitivity analysis to investigate deviations 
from these assumptions especially when sample sizes are small 24.  
 
Adjust for baseline covariates, including baseline PRO score: When 
baseline covariates are correlated with the outcome of interest, it is 
recommended to adjust for such covariates to improve the efficiency 
of the analysis and avoid conditional bias from the covariates 41,42. 
For example, baseline PRO scores are often correlated with PRO 
scores at follow-up 43; therefore it is important to have an analytical 
method that can incorporate baseline covariates. Other covariates 
could include demographic variables (e.g., age, gender), disease 
characteristics (e.g., disease site, stage) and other relevant variables 
(e.g., country). 
 
Handle missing data with the least restrictions: When the probability 
of missingness is related to the outcome of interest, this could lead 
not only to a loss of power but also potential bias of estimates 44.  
Missing data is almost always inherent when analyzing PRO data in 
cancer clinical trials; and the most restrictive assumption that the 
probability of missing data is unrelated to the PRO domain/item of 
interest is highly unlikely 45.  
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Handle clustered data (repeated assessments): To capture changes 
in the PRO domain/item of interest, PROs are often assessed 
repeatedly over time in cancer clinical trials. Analyzing this kind of 
data would require taking into account both the clustering of PRO 
assessments within each patient, and the temporal order of the 
measurements 46.  

RS 11 For evaluating time to event outcomes 
(improvement, stable state or worsening), it 
is recommended to use the Cox 
proportional hazards (PH) instead of the 
log-rank test.  

Please refer to Appendix 2, Table 3 to find more details on how the 
statistical methods were evaluated based on the agreed set of 
criteria. 
 
When using Cox PH test, the proportional hazards assumption 
should be checked 47. If this assumption is not met, performing a 
sensitivity analysis with a log-rank and/or Cox non-PH model to 
assess the robustness of findings is recommended. Also, general 
assumptions of time-to-event analysis must hold, most notably that 
the censoring is independent of the event time 48. 

RS 12 For evaluating magnitude of event 
(improvement or worsening) at time t 
(where the design is baseline + >1 follow-
up), it is recommended to use the linear 
mixed model (time as discrete) over the 
other statistical methods evaluated. 
 

Please refer to Appendix 2, Table 3 to find more details on how the 
statistical methods were evaluated based on the agreed set of 
criteria. 
 
Although the linear mixed model (time as continuous), pattern 
mixture model, and joint longitudinal model satisfy the set criteria, the 
linear mixed model (time as discrete) was recommended because 
less assumptions were needed to be made a priori (e.g., regarding 
the relationship between time and outcome variable). 
The analysis strategy would be to fit a linear mixed model to the data 
and then obtain the test estimate for specific time t. This method is 
suitable if a study has a limited number of follow-up assessments. 
General assumptions of linear mixed models hold. For example, the 
missing at random assumption has to be satisfied; that is, the linear 
mixed model will provide an unbiased estimate of the treatment effect 
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that would have been observed if missing data is dependent on 
known and observed factors 49. 

RS 13 For evaluating magnitude of event 
(improvement or worsening) at time t 
(where the design is baseline + 1 follow-up 
only), it is recommended to use the linear 
regression over the AN(C)OVA, t-test and 
Wilcoxon-ranks sum test. 

Please refer to Appendix 2, Table 3 to find more details on how the 
statistical methods were evaluated based on the agreed set of 
criteria. 
 
Caution is needed for this recommended analysis because many 
statistical programs use complete case analysis for linear regression 
(e.g., SAS; 50. Estimates resulting from such analysis will only 
provide valid inference when missing data are missing completely at 
random (MCAR). 

RS 14 Summary measures should be considered 
in SISAQOL recommendations 

In the original statement, the goal was to recommend a method for 
evaluating an overall PRO score over time. In this context, a 
summary measure is defined as a combining the repeated 
assessments of a PRO domain per patient over a specific time period 
into a single outcome (e.g., AUC, overall means and min/max). The 
proposed recommendation is that, if a summary measure is used, a 
linear regression is recommended to compare outcomes between 
groups.  
 
Although commonly used in PRO analysis, there was a general 
hesitation in recommending this proposal because it might be seen 
as a recommendation for two-step procedures in general 51. 
Moreover, information is lost when data are pooled and summarized 
into one value, which may then impact the interpretability of the PRO 
findings. 
 
It was agreed that depending on the context, summary measures can 
be useful in understanding PRO data and should be considered in 
the SISAQOL recommendations. However, future work should 
involve evaluating which summary measures are recommended, and 
to identify the most appropriate way to analyze these data. 
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RS 15 For describing a response trajectory over 
time, it is recommended to use a linear 
mixed model (omnibus test; time as discrete 
variable; time*group interaction) over the 
repeated measures ANOVA (time*group 
interaction) 

Please refer to Appendix 2, Table 3 to find more details on how the 
statistical methods were evaluated based on the agreed set of 
criteria. 
 
The focus of this method is not to interpret the p-value from the 
time*group interaction, but to fit a model and then interpret the 
resulting parameters. However, post-hoc description of these profiles 
are reported cross-sectionally and not longitudinally. That is, every 
assessment point has a mean and confidence interval.  Therefore, 
interpretation is not on the (mean) longitudinal profile of the sample, 
but the mean outcome at each time point. 
 
If individual longitudinal profiles are of interest, more complex models 
are available. For example, time is treated as continuous; and linear, 
quadratic and cubic polynomial terms may be used to approximate 
the time curves. However, many of these models rely on specific 
assumptions and may yield results/estimates/graphs that are difficult 
to interpret. Deciding which time curve is most appropriate is not 
straightforward and should ideally be informed by historical data. 

Section 3: Standardizing statistical terms related to missing data 
Recommendation 
No. 

Recommended statement (RS) Considerations 

RS 16 Missing data are data that would be 
meaningful for the analysis of a given 
research objective or estimand, but were 
not collected. 

Although the literature has given considerable attention to the 
importance of reporting and handling of missing data 11, it remains 
unclear what is considered as missing data. Missing data can refer 
to:  

- any PRO assessment that is missing regardless of the 
reasons for missingness; 45,52;  

- non-completion of PRO assessments that were expected to be 
available 19;  

- any missing value that would be meaningful for analysis (if 
they were observed) 25,26.  
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Adopting the definition of ICH E9 implies that only those data that are 
considered “meaningful” for analysis would contribute to the PRO 
findings. It is the missing PRO data within this framework that can 
impact the interpretability of PRO findings either by reducing the 
sample size (non-informative missing data), distorting the treatment 
estimate (informative missing data) or both.  

RS 17 “Meaningful for analysis” refers to the PRO 
analysis population, which is based on the 
given research objective (or estimand).   

A differentiation between the PRO study population from the PRO 
analysis population is needed. The PRO study population is defined 
as all patients who consented and were eligible to participate in the 
PRO data collection. Ideally, the PRO study population would be the 
same as the ITT population, but this might not always be needed or 
feasible. Reasons to deviate from the ITT population and not to 
collect PROs at all from a specific sub-group should be strongly 
justified in the protocol. The PRO study population is a subgroup of 
the ITT population which excludes those patients where PRO 
outcomes could not be collected at all due to consent and/or 
eligibility. Patients of the PRO study population should be identifiable 
at the beginning of the study irrespective of their follow-up 
status/observations. The PRO study population is therefore the ITC 
(intention-to collect) PRO population. 
The PRO analysis population refers to the patients that will be 
included in the primary PRO analysis; and should be as close as 
possible to the PRO study population. Since PROs are assessed 
repeatedly over time on the same patient, caution should be noted 
when some planned assessments are not observed 26. Depending on 
the analysis method, elimination of planned assessments from some 
patients may imply removing those patients altogether from the 
intended PRO analysis population. The PRO analysis population 
exists only in relation to a defined PRO analysis. If there are several 
primary PRO analysis planned, each will correspond to its own PRO 
analysis population which may or may not differ from each other.  
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RS 18 PRO assessments are no longer expected 
from patients who have died (although 
these patients were part of the PRO study 
population). 

PRO assessments after death should not be expected because a 
meaningful value for these observations will not exist 19,26. These 
assessments are also not “meaningful for analysis” because they will 
not have a relevant contribution to the PRO estimate, and are 
therefore not considered as missing. 

RS 19 A “variable denominator rate” should be 
reported. This rate is defined as the 
‘number of patients on PRO assessment 
submitting a valid PRO assessment at the 
designated time point’ as a proportion of 
‘the number of patients on PRO 
assessment at the designated time point’. 

The term ‘on PRO assessments’ identifies those patients who are still 
expected to provide PRO assessments at that time point. 
Conversely, patients that are off-PRO assessments are defined as 
patients who are no longer expected to provide PRO assessments 
from that time point onwards.  
 
It was agreed to standardize that PRO assessments after death are 
considered “off-PRO assessment” and will no longer be included in 
the denominator of the completion rates (i.e., number of patients on 
PRO assessment). This implicitly implies that unobserved 
assessments after death will not be considered as missing data. 
 
Whether or not to standardize other reasons such as off PRO 
protocol, patient withdrawal and loss to follow-up in the number of 
patients on PRO assessment need further discussion (see Appendix 
3, Table 1).   

RS 20 The term ‘completion rate’ should be used 
to express the rate with the variable 
denominator rate. 

RS 21 A “fixed denominator rate” should be 
reported. This is defined as the ‘number of 
patients on PRO assessment submitting a 
valid PRO assessment at the designated 
time point’ as a proportion of ‘the number of 
patients in the PRO study population’ (i.e., 
all patients who consented and were 
eligible to participate in the PRO data 
collection). 

The need for an available data rate (fixed denominator rate) was to 
help address questions on both survivorship bias (which will not be 
reflected in the variable denominator rate); and the number of 
patients contributing observed data to the PRO estimate.  
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RS 22 The term ‘available data rate’ should be 
used to express the rate with the fixed 
denominator rate. 

RS 23 In addition to percentages, absolute 
numbers for both numerator and 
denominator should be reported at every 
time point (for both rates). 
 

It was proposed that a CONSORT diagram would be helpful to report 
the reasons for missing data. It was suggested to have three broad 
categories for the reasons: death, reasons pre-specified in the 
protocol, and reasons not pre-specified in the protocol. Further work 
is needed to develop this idea.  

Section 4: General handling of missing data 
Recommendation 
No. 

Recommended statement (RS) Considerations 

RS 24 When conducting clinical trials, exploring 
the reasons for missing PROs is important. 

Results from a simulation study showed that the impact of missing 
data rates on PRO findings depends on the reasons for missing data 
(e.g., informative, non-informative or a combination of both). 
Therefore, collecting reasons for missing data is key in assessing the 
impact of missing data rates on the robustness of PRO findings. 

RS 25 Missing data should be minimized 
prospectively through clinical trial and PRO 
design strategies and by training/monitoring 
approaches   

No analysis method recovers the potential for robust treatment 
comparisons derived from complete assessments of all patients 25. 
Therefore preventing missing PRO assessments through careful 
design and planning should be the first line strategy in handling 
missing PRO data 26. For more information, refer to 53. 

RS 26 Capturing data that will be needed for 
handling missing PRO data in the statistical 
analysis plan is recommended (i.e. reasons 
for missing data and auxiliary data for 
interpretation/imputation). 
 

Missing data may still be unavoidable despite careful planning and 
collection strategies. With missing data, unverifiable assumptions 
would have to be made during the analysis 54.  Collecting reasons for 
missing data and auxiliary data would be helpful in justifying how 
these patients are handled in the primary and sensitivity analysis 
16,54. 

RS 27 Primary statistical analysis approach: 
Missing data approach at the item- and 
scale-level should be specified a priori 
within the protocol/statistical analysis plan 

Similar to the choice of statistical analysis, different approaches to 
deal with missing data can lead to different results 55. It is therefore 
important to document a priori the missing data approach that will be 
used for the primary analysis 23. 
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RS 28 Primary statistical analysis approach: Item-
level missing data within a scale should be 
handled according to the scoring algorithm 
developed during the scale’s development 
(when available) 
 

Although general recommendations on how to deal with missing 
items exist 56, PRO measures are developed with a scoring algorithm 
to standardize how missing items should be handled. This should be 
used in the primary analysis; and other ways to deal with missing 
items can be included as part of sensitivity analysis.  
 
If changes in official scoring algorithms for the PRO occur, the 
resulting guidelines from the developers should be followed. 

RS 29 Primary statistical analysis approach: 
Critical assessment of missing data reasons 
and rates (by arm and time point) should be 
undertaken. 

Many possible reasons for missing data exist (e.g., patient 
withdrawal, patient moving). Depending on the reason and amount of 
missing data, the approach to handle missing data may differ 16,54. 

RS 30 Primary statistical analysis approach: Use 
all available data, using the specified 
method from Statistical Methods WG. 

Approaches that require ignoring missing data and only performing 
analysis with patients with complete data are not recommended (e.g., 
complete case analysis) 54. Methods that allow the use of all 
available data is recommended as they make weaker assumptions 
about missing data compared to complete case analysis 57 

RS 31 Primary statistical analysis approach: 
Explicit imputation is not recommended 
unless justified within the context of the 
clinical trial. 

Explicit simple imputation methods, such as last observation carried 
forward, will result in underestimating the variability of the estimate 
because a constant is used to impute the missing value regardless of 
differing patient characteristics 57. Imputing a fixed constant will result 
in lower variability; and therefore a lower p-value 58.  

RS 32 Sensitivity analysis should be specified a 
priori within the protocol/statistical analysis 
plan. At least two different approaches to 
handle missing data are recommended to 
assess the impact of missing data across 
various assumptions. 
 

Handling missing data require making unverifiable assumptions 
regarding the relationship between the missing value and the 
outcome. Sensitivity analysis are required to test the robustness of 
the conclusions using a different set of assumptions regarding 
missing data. If the results are consistent with the primary analysis, 
this provides some assurance that the missing data did not have an 
important effect on the study conclusions. However, if they produce 
inconsistent results, their implications for the conclusions of the trial 
must be discussed 54 
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Disagreement arose because of the increase in the workload of 
trialists to pre-specify, analyze and report additional sensitivity 
analysis.  

 616 
  617 
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Table 2: Overview of taxonomy of research objectives matched with recommended primary statistical methods 618 
 Treatment efficacy / Clinical benefit 

(Confirmatory objective) 
Describe patient perspective 

(Exploratory / Descriptive objective) 
Within-treatment PRO 
assumption  

Within-patient/within-treatment 
PRO objective 

Between-treatment arms objective 

Superiority Equivalence / Non-inferiority 

1. Improvement 

a. Time to improvement - Cox proportional hazards (with 
pre-defined effect size for the 
between treatment arm 
difference) 

Equivalence 

- Cox proportional hazards (with 
pre-defined equivalence margin 
for the between treatment arm 
difference) 

Non-inferiority 

- Cox proportional hazards (with 
a pre-defined non-inferiority 
margin for the between 
treatment arm difference) 

Exploratory 
- Cox proportional hazards 
 
Descriptive 
- Median time to improvement;  
- Probability of improvement at a 

specific time point 
- Hazards ratio (with CI); 

 

b. Proportion of patients 
with improvement at 
time t 

Further discussion needed on 
whether logistic mixed model, 
(Cochrane) Mantel-Haenszel test, 
or the simple logistic model would 
be recommended 

Further discussion needed on 
whether logistic mixed model, 
(Cochrane) Mantel-Haenszel test, 
or the simple logistic model would 
be recommended 

Exploratory 
- Further discussion needed on 

whether logistic mixed model, 
(Cochrane) Mantel-Haenszel 
test, or the simple logistic 
model would be recommended 
  

Descriptive 
- Proportion of responders at 

time t;  
- Odds/risk ratio (with CI) 
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c. Magnitude of 
improvement at time t 

- Linear mixed model; Time as 
discrete (with pre-defined effect 
size for the between treatment 
arm difference) 

Equivalence 

- Linear mixed model; Time as 
discrete (with pre-defined 
equivalence margin for the 
between treatment arm 
difference) 

Non-inferiority 

- Linear mixed model; Time as 
discrete (with a pre-defined 
non-inferiority margin for the 
between treatment arm 
difference) 

Exploratory 
- Linear mixed model; time as 

discrete 
 

Descriptive 
- Mean magnitude at baseline & 

at time t (with CI); 
- Mean magnitude of 

improvement at time t (with CI) 

2. Stable state 

a. Time to (end of) stable 
state 

- Cox proportional hazards (with 
pre-defined effect size for the 
between treatment arm 
difference) 

Equivalence 

- Cox proportional hazards (with 
pre-defined equivalence margin 
for the between treatment arm 
difference) 

Non-inferiority 

- Cox proportional hazards (with 
a pre-defined non-inferiority 
margin for the between 
treatment arm difference) 

Exploratory 
- Cox Proportional Hazards 
 
Descriptive 
- Median time to (end of) stable 

state;  
- Probability of (end of) stable 

state at a specific time point 
- Hazards ratio (with CI) 

 

b. Proportion of patients 
with stable state at time 
t 

Further discussion needed on 
whether logistic mixed model, 
(Cochrane) Mantel-Haenszel test, 
or the simple logistic model would 
be recommended 

Further discussion needed on 
whether logistic mixed model, 
(Cochrane) Mantel-Haenszel test, 
or the simple logistic model would 
be recommended 

Exploratory 
- Further discussion needed on 

whether logistic mixed model, 
(Cochrane) Mantel-Haenszel 
test, or the simple logistic 
model would be recommended 
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Descriptive 
- Proportion of responders at 

time t; 
- Odds/risk ratio (with CI) 

 
c. Magnitude of stable 

state at time t 
Not applicable 

(When comparing two patients 
that both meet the criteria for 
stable, one cannot rank or order 
them so that one patient is 
considered more stable than the 
other. By definition, differing 
values within the stable state 
threshold are considered ‘noise’, 
i.e., random fluctuations not 
representing any meaningful 
changes) 

Not applicable 

(When comparing two patients 
that both meet the criteria for 
stable, one cannot rank or order 
them so that one patient is 
considered more stable than the 
other. By definition, differing 
values within the stable state 
threshold are considered ‘noise’, 
i.e., random fluctuations not 
representing any meaningful 
changes) 

Not applicable 

(When comparing two patients 
that both meet the criteria for 
stable, one cannot rank or order 
them so that one patient is 
considered more stable than the 
other. By definition, differing 
values within the stable state 
threshold are considered ‘noise’, 
i.e., random fluctuations not 
representing any meaningful 
changes) 

3. Worsening  

a. Time to worsening - Cox proportional hazards (with 
pre-defined effect size for the 
between treatment arm 
difference) 

Equivalence 

- Cox proportional hazards (with 
pre-defined equivalence margin 
for the between treatment arm 
difference) 

Non-inferiority 

- Cox proportional hazards (with 
a pre-defined non-inferiority 
margin for the between 
treatment arm difference) 

Exploratory 
- Cox Proportional Hazards 
 
Descriptive 
- Median time to worsening;  
- Probability of worsening at a 

specific time point 
- Hazards ratio (with CI) 
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b. Proportion of patients 
with worsening at time t 

Further discussion needed on 
whether logistic mixed model, 
(Cochrane) Mantel-Haenszel test, 
or the simple logistic model would 
be recommended 

Further discussion needed on 
whether logistic mixed model, 
(Cochrane) Mantel-Haenszel test, 
or the simple logistic model would 
be recommended 

Exploratory 
- Further discussion needed on 

whether logistic mixed model, 
(Cochrane) Mantel-Haenszel 
test, or the simple logistic 
model would be recommended 

 
Descriptive 
- Proportion of responders at 

time t; 
- Odds/risk ratio (with CI) 

c. Magnitude of worsening 
at time t 

Linear mixed model; Time as 
discrete (with pre-defined effect 
size for the between treatment arm 
difference) 

Equivalence 

- Linear mixed model; Time as 
discrete (with pre-defined 
equivalence margin for the 
between treatment arm 
difference) 

Non-inferiority 

- Linear mixed model; Time as 
discrete (with a pre-defined 
non-inferiority margin for the 
between treatment arm 
difference) 

Exploratory 
- Linear mixed model; time as 

discrete 
 
Descriptive 
- Mean magnitude at baseline & 

at time t (with CI); 
- Mean magnitude of worsening 

at time t (with CI) 

4. Overall effects 

a. Overall PRO score over 
time 

Further discussion needed Further discussion needed Further discussion needed 

b. Response patterns / 
profiles 

Not applicable 

(As it is not always 
straightforward to pre-define the 
exact profiles within a time 

Not applicable 

(As it is not always 
straightforward to pre-define the 
exact profiles within a time 

Exploratory 
- Linear mixed model (time as 

discrete / continuous) 
 

Descriptive 
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frame, response patterns/profiles 
are recommended to be used 
alongside a descriptive / 
exploratory objective rather than 
evidence for treatment efficacy / 
clinical benefit) 

frame, response 
patterns/profiles are 
recommended to be used 
alongside a descriptive / 
exploratory objective rather than 
evidence for treatment efficacy / 
clinical benefit) 

- Mean magnitude at baseline & 
at every time point within a time 
frame (with CI); 

- Mean change at every time 
point within a time frame (with 
CI); 

- Mean profile over time (with CI) 

Note: Recommended statistical methods were initially conceptualized for a superiority between-treatment arms objective. However, 619 
these methods may be extrapolated to (a) a non-inferiority / equivalence objective, but appropriate margins should be pre-specified 620 
(see Table 1, RS 2); and (b) exploratory but findings should not be used as a basis of evidence of clinical benefit / treatment 621 
efficacy (see Table 1, RS 1). Descriptive statistics are based on the work from the Statistical Methods Working Group on evaluating 622 
appropriate statistical methods with research objectives (see Appendix 2, Table 3b).623 
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