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Abstract
Background Time to deterioration (TTD) endpoints are often utilized in the analysis of patient-reported outcome 
(PRO) data in oncology clinical trials but different endpoint definitions and analysis frameworks exist that can 
impact result interpretation. This review examined the analysis, reporting and heterogeneity of TTD endpoints in the 
literature, the impact of analysis methods on results, and provides recommendations for future trials.

Methods A targeted literature review of articles published between 2017 and 2022 was performed to collate TTD 
endpoints reported in oncology randomized controlled trials (RCTs). Details of endpoints and results were extracted 
including; deterioration definition, PRO assessment schedule, methods for handling intercurrent events, statistical 
analysis methods, main trial results (overall survival and/or progression-free survival) and TTD endpoint results.

Results Seventy RCTs were included covering 849 individual TTD endpoints. There were 17 primary cancer types, 
with lung (26%), breast (11%), and prostate (7%) cancers the most common. Most trials (71%) were for people with 
advanced cancer. Full definitions of TTD endpoints were often missing. There were no clear trends for a specific TTD 
definition within cancer types or stages. However, statistical analysis methods were consistent among trials.

Conclusion The TTD definition can vary and is ultimately driven by the research question. Points to consider for 
successfully implementing PRO TTD endpoints in oncology include consideration of the trial setting (e.g., early vs. 
advanced cancer), expected treatment effect (e.g., improvement vs. worsening), likely adverse event profile (including 
early vs. delayed) and PRO data collection frequency in order to improve utility of these endpoints.
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Background
Regulators including the Food and Drug Administration 
(FDA) and European Medicines Agency (EMA) increas-
ingly recognize the importance of using patient-reported 
outcomes (PROs) in oncology clinical trials for sup-
porting benefit-risk assessment of new therapies [1, 2]. 
Additionally, health technology assessment (HTA) bod-
ies envision incorporating the patient voice into their 
reimbursement decisions, which are crucial for patients 
to have the access to new therapies [3]. Despite overall 
survival (OS) being universally recognized as the gold 
standard primary endpoint in anti-cancer trials of new 
therapies [4–6], PRO endpoints, such as health-related 
quality of life (HRQoL), are often incorporated. PRO data 
can be used to investigate clinical benefit and safety, and 
become especially relevant when the primary endpoint is 
not OS (e.g., progression-free survival) (PFS)) [7]. PROs 
are also often used as secondary or exploratory end-
points, and as a co-primary endpoint with OS, PFS, or 
objective response rate (ORR) [6, 8, 9].

Common analyses of PRO data in oncology clinical tri-
als are time to event (TTE) analyses using Kaplan-Meier 
methods/Cox proportional hazards regression models or 
longitudinal analysis using mixed models repeated mea-
sures (MMRM) to compare treatment groups [10]. In 
TTE analyses, the event is either deterioration (time to 
deterioration (TTD)) or improvement in PRO score from 
baseline using a pre-specified threshold [11]. TTD is 
most commonly used as the TTE endpoint. TTD analyses 
are used to ascertain whether treatment delays worsening 
in PRO score compared to the control arm. MMRM anal-
yses are used to estimate the mean PRO score (or change 
from baseline) over a certain period compared between 
treatment arms [12]. The choice of endpoint and analy-
sis is governed by the clinical question and expectation of 
the new therapy [13].

The literature reports significant heterogeneity in the 
definitions used for TTD endpoints. There is a need to 
harmonize approaches to analyzing and reporting TTD 
PRO data [7, 14, 15], specifically regarding deterioration 
definitions and adapting them to different cancer sites 
and stages (e.g., localized or advanced/metastatic) [14]. 
A lack of standardization in definitions of TTD, and the 
resulting lack of comparability across trials have been 
highlighted by Anota et al. [11] In addition to proposing 
36 possible definitions of TTD and time until definitive 
deterioration (TUDD), the authors suggest developing 
standardized criteria regarding TTD comparable to crite-
ria used for clinical response definitions [11].

In addition to the lack of standardization in definitions 
[11] and statistical methods [14], TTD analyses of PRO 
endpoints share the challenges of the implementation 
of PRO assessment in clinical trials (e.g., potential high 
burden to patients due to increased data collection and 

difficulty maintaining adequate completion rates) as well 
as its analysis (e.g., missing data handling) [16]. Specific 
challenges of analyzing TTD endpoints are the difficulty 
of handling reversibility of the deterioration event (i.e. 
deterioration at an assessment followed by improve-
ment which may be observed for resolved side effects), 
the incorporation of intercurrent events (i.e., considering 
post-randomization events that can affect the interpreta-
tion or assessment of patient experience data), and the 
differing timing of assessments after treatment ends [14, 
16].

The goal of this targeted review was to examine how 
TTD of PRO endpoints have been defined and used in 
oncology clinical trials (including by specific cancer site 
and stage), along with how statistical analyses have been 
reported, using the peer-reviewed literature and regula-
tory agencies databases.

We then used the literature review data to develop 
key considerations for using TTD of PRO endpoints in 
oncology clinical trials, along with associated strengths 
and weaknesses of different approaches.

Methods
Literature search
A targeted literature search of MEDLINE®, Embase®, Psy-
cInfo® and the Cochrane Library was conducted using 
Ovid in July 2022 (see Appendix A Table  A.1 for used 
search terms), with supplementary searches conducted 
on ClinicalTrials.gov, EMA/FDA databases and Google 
Scholar. Reference lists of selected full-text publications, 
systematic literature reviews (SLR) or network meta-
analyses (NMA) were also reviewed.

Inclusion criteria comprised: (i) phase 3 interventional 
randomized controlled trial (RCT) in oncology with 
inclusion of a specific PRO measure and TTD endpoint 
or (ii) guidance, reflection, methods, or review of TTD 
endpoints in oncology. The period of 2017–2022 was 
selected based on the seminal publication of Anota et 
al. [11] in 2015, accounting for a two-year window in the 
application of the recommended approaches. Conference 
abstracts and non-English language publications were 
excluded (Appendix A Table A.1 OVID search terms).

Screening and selection
Identified abstracts were screened for eligibility (one 
reviewer per abstract: JSi, LAN, MB); if individual 
reviewers felt any ambiguity about whether an abstract 
should be included or excluded, the abstract was dis-
cussed among the research team to reach consensus. 
If two abstracts reported on the same trial, the more 
detailed reports of PRO analyses were selected, with 
additional information (e.g., participant baseline data) 
sourced from the primary trial publications.
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Selected abstracts were ranked by amount of TTD 
information provided to prioritise abstracts with suf-
ficiently detailed presentation of TTD analyses and 
results to meet the objectives of the study. Ranking was 
based on information reported in the abstract: (1) TTD 
hazard ratio (HR) comparing between study treatments 
and median TTD; (2) TTD HR only; (3) median TTD 
only; (4) other TTD information. Abstracts that did not 
report TTD of PRO results (in the form of HR or median 
TTD) were classed as Rank 4. As Rank 4 articles were 
expected to be least likely to contain relevant TTD infor-
mation, they were not selected for full-text review. How-
ever, three Rank 4 abstracts were included in the initial 
extraction of 25 articles used for training and familiari-
sation with the extraction process (data ultimately being 
included in the final dataset). Review articles concerning 
use of TTD of PRO endpoints in oncology were not sub-
ject to the ranking process and were all reviewed in full, 
as they were considered valuable sources of synthesized 
information of TTD methodologies across trials.

All stages of this targeted review were conducted and 
reported in line with the Preferred Reporting Items 
for Systematic Reviews and Meta-Analyses (PRISMA) 
checklist [17].

Data extraction
The first ten of the 25 articles were extracted indepen-
dently by two reviewers and compared to ensure consis-
tency; the remaining 15 articles were extracted by one 
reviewer. We extracted study information (e.g., cancer 
type/stage), trial participant clinical and demographic 
characteristics, PRO assessment schedule (for only PROs 
contributing to TTD analysis), PRO TTD analysis meth-
ods and results, primary efficacy results, and any rela-
tionship between efficacy and TTD results. Data were 
extracted into Microsoft Excel®. Further details of data 
extraction can be found in Appendix A Table A.2.

Analysis methods
The characteristics of the included trials were summa-
rized descriptively including number of randomized 
groups, blinding, primary cancer site, sample size and 
trial location. Descriptive summaries were presented for 
the PRO information (measures used in TTD endpoints, 
schedule of assessments, i.e., cadence of PRO assess-
ments planned) and information on PRO assessments 
on/off treatment. TTD endpoints were categorised as 
time to first deterioration (TTFD), time to confirmed 
deterioration (TTCD) and time until definitive deterio-
ration (TUDD). TTFD refers to a single observed dete-
rioration. TTFD was further grouped into TTFD without 
death as an event, TTFD with death as an event or TTFD 
with best previous score (BPS) used as the baseline for 
deterioration. TTCD refers to a definition requiring two 

consecutive assessments with a deterioration. TUDD 
refers to a definition requiring deteriorations observed 
until no further observations recorded. TUDD was fur-
ther grouped into TUDD with, or without death as an 
event. These categorizations alongside the PRO score, the 
responder definition and reporting of death/progression 
as event also contributed to how a unique TTD endpoint 
was defined for each study.

The relationship between TTD and primary endpoints 
was explored using the proportion of trials demonstrat-
ing a treatment effect with respect to TTD PRO end-
points summarized by the trial results for OS and PFS 
endpoints. Analysis methods and censoring rules for 
the TTD endpoints were summarized descriptively. No 
statistical comparisons were performed as part of this 
review and all results were summarized and interpreted 
descriptively only.

Results
The targeted literature search yielded 384 abstracts 
(n = 354 from electronic database searches; n = 30 from 
supplementary searches) which were screened for eligi-
bility, with 103 clinical trial abstracts and 16 review arti-
cle abstracts meeting the inclusion criteria. Overall, 79 
articles were included for full review (n = 63 clinical trial 
articles, n = 1 TTD/efficacy endpoints article, and n = 15 
review articles). The 63 clinical trial articles reported 
findings from 70 independent trials, with some pool-
ing data from more than one trial (Fig.  1). Appendix A 
Table A.3 lists the 70 trials included in the review includ-
ing their study design, population, and sample size.

Trial characteristics
Most trials were open-label (n = 41/70, 59%) and com-
prised two arms (n = 65/70, 93%). Under half (n = 28/70, 
40%) were double-blinded (Table  1). There were 17 dif-
ferent primary cancer types. Lung cancer was the most 
common (n = 18/70, 26%), followed by breast (n = 8/70, 
11%) and prostate cancer (n = 5/70, 7%). Most trials were 
conducted in an advanced/metastatic setting (n = 50/70, 
71%). The median trial sample size (number of patients 
randomized) was 564.

PRO assessment schedules
Most trials had consistent PRO assessment timing 
across treatment arms while on-treatment (n = 66/70, 
94%). There were four trials (CheckMate 227 [18], KEY-
NOTE-181 [19], KEYNOTE-426 [20] and CheckMate 
9ER [21]) where the PRO assessment schedules were not 
aligned across the treatment arms (due to cycle length 
differences). All trials used baseline and on-treatment 
assessments in the PRO TTD analysis. Scheduled off-
treatment (i.e. non-protocol treatment) assessments 
were collected in most of the trials (n = 42/70, 60%) but 
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only used in the PRO TTD analysis in 15 trials (n = 15/42, 
36%). Across trials, the frequency of on-treatment PRO 
assessments ranged from weekly to every 16 weeks. Half 
of the trials included on-treatment PRO assessments 
every three (n = 18/70, 26%) or four weeks (n = 17/70, 
24%).

Most trials had a PRO assessment frequency that was 
the same as or less regular than the trial dosing schedule 
(Appendix A Table  A.4). Only three trials had a higher 
PRO assessment frequency compared to dosing [22–24]. 
Duration of PRO collection was variable with the short-
est collection period being 18  weeks [25, 26] and lon-
gest up to 260 weeks [27]. Only five trials [25, 26, 28–30] 
recorded PRO measures for less than 48  weeks. The 
number of PRO assessments collected ranged from 5 [31] 
to 57 [21].

TTD endpoints were evaluated using 31 different PRO 
measures, consisting mostly of cancer-specific PRO mea-
sures (Table  2). Most trials included a cancer-specific 
European Organization for Research and Treatment of 

Cancer Quality of Life Questionnaire (EORTC QLQ) 
module. The generic EORTC QLQ-C30 was the most fre-
quently included measure (n = 47/70 trials, 67%) and was 
assessed as a co-primary TTD endpoint in one trial [27] 
(Table  2). Various EORTC QLQ modules (13 modules) 
and Functional Assessment of Cancer Therapy (FACT) 
measures (nine modules) specific to certain cancer types/
cancer therapies were commonly utilized for TTD end-
points. Trials were most likely to have at least one explor-
atory TTD endpoint (n = 32/70 trials, 46%) or at least one 
secondary endpoint (n = 30/70, 43%; Table 2.)

Only three trials reported multiple testing adjustments 
for PRO TTD endpoints; PROFILE 1029 [32] and TITAN 
[33] made adjustments for TTD of PRO secondary end-
points. NRG/RTOG 0825 [30] made adjustments for ter-
tiary (exploratory) endpoints independent of any other 
study endpoints. The co-primary endpoint for PRODIGE 
[27] (with recurrence-free survival) did not report any 
multiplicity adjustment. In total, n = 39/70 trials (56%) 
reported no multiplicity adjustments across any TTD of 

Fig. 1 PRISMA [17] diagram illustrating abstract screening and selection process. Rank 1: TTD hazard ratio (HR) and median reported; Rank 2: TTD HR 
reported only; Rank 3: TTD median reported only; Rank 4: other TTD information reported only
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PRO endpoint and n = 28/70 trials (40%) did not clearly 
report whether a TTD of PRO endpoint was included in 
the multiplicity procedure (Table 3).

PRO TTD endpoint definitions
There were 849 TTD endpoints identified in total when 
counting the number of endpoint definitions across 
all trials. The average number of TTD endpoints per 
trial was 12 (median = 7). Four multi-arm trials applied 
the same TTD endpoint definition to more than one 
treatment arm comparison generating 913 unique 

Characteristic Number 
of trials 
(% of 
N = 70)

Cancer site
Lung 18 (25.7%)
Breast 8 (11.4%)
Prostate 5 (7.1%)
Kidney 4 (5.7%)
Liver 4 (5.7%)
Multiple Myeloma 4 (5.7%)
Neuroendocrine 4 (5.7%)
Colorectal 3 (4.3%)
Esophageal 3 (4.3%)
Gastric/gastrointestinal stromal 3 (4.3%)
Head & Neck 3 (4.3%)
Lymphoma 3 (4.3%)
Urothelial 3 (4.3%)
Glioblastoma 2 (2.9%)
Biliary Tract 1 (1.4%)
Leukemia 1 (1.4%)
Liposarcoma 1 (1.4%)
Cancer stage
Advanced/metastatic 50 (71.4%)
Non-metastatic 4 (5.7%)
Advanced/metastatic and non-metastatic 7 (10.0%)
Relapsed/refractory 5 (7.1%)
Not reported 4 (5.7%)
Study design blinding
Double-blinded 28 (40.0%)
Open-Label 41 (58.6%)
Partial-blind 1 (1.4%)
Number of treatment arms
Two 65 (92.9%)
Three 4 (5.7%)
Four 1 (1.4%)
Sample size (total randomized, N)
0–199 4 (5.7%)
200–299 6 (8.6%)
300–399 13 (18.6%)
400–499 4 (5.7%)
500–599 10 (14.3%)
600–699 10 (14.3%)
700–799 8 (11.4%)
800–899 4 (5.7%)
900–999 3 (4.3%)
≥1000 8 (11.4%)
Timing of PRO assessments same across trial arms
Yes 66 (94.3%)
No 4 (5.7%)
Not reported 1 (1.4%)
Initial on-treatment assessment schedule
Weekly 4 (5.7%)
Every 2 weeks 3 (4.3%)

Table 1 Summary of trial characteristics and PRO assessment 
schedules included in the review Characteristic Number 

of trials 
(% of 
N = 70)

Every 3 weeks 18 (25.7%)
Every 4 weeks 17 (24.3%)
Every 6 weeks 10 (14.3%)
Every 8 weeks/Bi-Monthly 10 (14.3%)
Every 12 weeks/3 months 6 (8.6%)
Every 16 weeks 2 (2.9%)
Varied between treatment arms 3 (4.3%)
Not reported 2 (2.9%)
Initial off-treatment assessment schedule
Weekly 2 (4.8%)
Every 2 weeks 2 (4.8%)
Every 3 weeks 16 (38.1%)
Every 4 weeks 10 (23.8%)
Every 6 weeks 4 (9.6%)
Every 8 weeks/Bi-Monthly 4 (9.6%)
Every 12 weeks/3 months 2 (4.8%)
Every 16 weeks 1 (2.4%)
Varied between treatment arms 3 (7.1%)
Not reported 0 (0%)
On-treatment PRO assessment collection
Collected 70 (100%)
Included in TTD Endpoint 70 (100%)
Off-treatment PRO assessment collection
Collected 42 (60%)
Included in TTD Endpoint 15 (21.4%)
Excluded from TTD Endpoint 4 (5.7%)
Not Reported if Included in TTD Endpoint 23 (32.9%)
Not collected 23 (32.9%)
Not reported 5 (7.1%)
Consistency of on-treatment PRO assessment frequency over the 
study period
Mixed frequency 41 (58.6%)
Same frequency 33 (47.1%)
Not reported 1 (1.4%)
The “Mixed Frequency” option under “Consistency of On-Treatment PRO 
Assessment Frequency Over the Study Period” consists of trials where the on-
treatment frequency changed during the study period (e.g. from every 3 weeks 
initially to every 4-weeks)

Table 1 (continued) 
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endpoint definition results across all trials and treatment 
comparisons.

The included trials reported all three definitions of 
TTD (TTFD, TTCD and TUDD) across the primary 
cancer types identified Appendix Table  A.5) TTFD was 
reported across most cancer types (14/17 cancers). All 
three TTD definitions were utilised across lung, breast, 
prostate, kidney, and liver cancer trials. Trials assessing 
multiple myeloma (n = 4), lymphoma (n = 3) and leukae-
mia (n = 1) only reported TTFD endpoints.

TTFD analyses were reported by trials of different 
cancer stages (advanced/metastatic, non-metastatic, 
both advanced/metastatic and non-metastatic and 
relapsed/refractory). No trials of relapsed/refractory 
cancer reported TTCD or TUDD analyses (Appendix 
Table A.5). Some trials included more than one TTD def-
inition. Altogether, TTFD was the most common defini-
tion identified in over half of the included trials (n = 38/70 
trials, 54%), followed by TTCD (n = 21/70, 30%) and 
TUDD (n = 19/70, 27%).

Five distinct TTD definitions described by Anota et 
al. [11] were identified in the review, including TTFD 
without death as an event, TTFD with death as an event, 
TTFD with death as an event using BPS, TUDD without 
death as an event and TUDD with death as an event. As 
previously noted, TTCD, was also identified as an addi-
tional definition (Appendix Table  A.6). The most com-
mon event definition was TTFD without death as an 
event (using baseline as reference score), identified in 
n = 30/70 (43%) trials. Other common TTD event defi-
nitions included TTCD and TUDD without death as 
an event (using baseline as reference score). Notably, 
fewer trials were identified which included death and/

or disease progression as an event, with more trials 
using death (n = 21/70, 30%) than disease progression 
(n = 11/70, 16%). Four trials (6%) included both death and 
progression in the event definition. One trial used a ref-
erence score other than baseline (NETTER-1) [34], using 
TTFD with death as an event calculated from BPS, as a 
sensitivity analysis (Appendix Table A.6).

Post-progression assessments were collected in 
n = 27/70 (39%) of the trials. When post-progression 
assessments were collected, they were included in the 
TTD endpoint definition for less than half of those tri-
als (n = 12/27 trials, 44%), although a similar number had 
unclear reporting of their inclusion (n = 13/27, 48%). Two 
trials collected post-progression assessments but did not 
include these assessments in the TTD endpoint analy-
sis nor did they consider disease progression as a TTD 
event.

TTD of PRO endpoint censoring rules
Overall, n = 43/70 (61%) trials did not report how patients 
with missing PRO scores at any time point were incorpo-
rated into the analysis (five of which reported no imputa-
tion conducted) [35]. Patients with no PRO scores were 
either excluded from analysis in n = 21/70 (30%) of the 
trials or were censored at randomization in six trials [18, 
20, 31, 34, 36, 37] (9%). A large proportion of trials did 
not report how patients with no baseline PRO scores but 
with subsequent post baseline assessments were handled 
in the analysis (n = 48/70, 69%). Eleven trials [26, 31, 32, 
38–45] excluded such patients from the TTD analysis 
and the same number censored these patients at random-
ization/day 1/last assessment (n = 11/70, 16%). Similarly, 
most trials did not report how patients who completed 

Table 2 PRO measures used for TTD analysis and endpoint hierarchy
PRO measure Number of trials (% out of 70 trials)

Total* At least one primary 
TTD endpoint

At least one secondary 
TTD endpoint

At least one explor-
atory TTD endpoint

Not 
reported

EORTC QLQ modules 54 (77.1%) 1 (1.4%) 22 (31.4%) 23 (32.9%) 11 (15.7%)
EQ-5D 19 (27.1%) – 5 (7.1%) 11 (15.7%) 3 (4.3%)
FACT 14 (20.0%) – 7 (10.0%) 7 (10.0%) 1 (1.4%)
BPI-SF 6 (8.6%) – 2 (2.9%) 3 (4.3%) 2 (2.9%)
LCSS 4 (5.7%) – 1 (1.4%) 2 (2.9%) 1 (1.4%)
BFI 3 (4.3%) – 1 (1.4%) 3 (4.3%) –
MDASI 2 (2.9%) – 1 (1.4%) 2 (2.9%) –
NCF battery (HVLT-R, TMT and 
COWA)

1 (1.4%) – - 1 (1.4%) –

SF-36v2 1 (1.4%) – – 1 (1.4%) –
Skindex-29 1 (1.4%) – – – 1 (1.4%)
Total 1 (1.4%) 30 (42.9%) 32 (45.7%) 13 (18.6%)
EORTC European Organisation for Research and Treatment of Cancer, EQ-5D EuroQoL Five Dimension, FACT Functional Assessment of Cancer Therapy, BFI Brief Fatigue 
Index, BPI-SF: Brief Pain Inventory (short form), SF-36 V2 Short Form 36 Health Survey Questionnaire version 2, MDASI MD Anderson Symptom Inventory, NCF Battery 
Neurocognitive Function Battery, HVLT-R Hopkins Verbal Learning Test-Revised, TMT Trail Making Test, COWA Controlled Oral Word Association; Skindex-29 29-item 
Skindex questionnaire

*Some trials reported on more than one TTD PRO endpoint and/or used more than one PRO measure, therefore the total number of endpoints and measures 
included exceeds the number of trials



Page 7 of 14Cocks et al. Journal of Patient-Reported Outcomes           (2024) 8:150 

only a baseline PRO were incorporated into the analysis 
(n = 55/70, 79%). When this information was reported, 
patients were either excluded from the analysis in five 
trials [26, 32, 38, 40, 43] or were included and censored 
at randomization/Day 1 in another n = 10/70 (14%) trials 
(Table 3).

For the 40 trials using either TTCD or TUDD defini-
tions of TTD, only one trial (ADAURA) [46] reported 
a missing data rule for visits following the initial dete-
rioration (patients with two missed visits before con-
firmed deterioration were censored at the last evaluable 
assessment before the two missed visits). Only four of 
the trials using TTCD/TUDD explicitly stated whether 

a deterioration at the last recorded PRO assessment 
was considered as a confirmed/definitive deterioration: 
PROSPER [47] and JAVELIN [48] censored such patients; 
CheckMate 9ER [21] and CLEAR [41] considered these 
patients to have confirmed and definitive deterioration, 
respectively (Table 3).

Composite PRO TTD endpoints
Composite endpoints formulated as composites of mul-
tiple PRO assessments or with other clinical endpoints 
were identified in n = 10/70 trials (14%; excluding com-
posites of death and disease progression). The most com-
mon was the composite of dyspnea, cough, and chest 
pain items of the FACT-L as reported in six trials (an 
event was deterioration in any one item). Most compos-
ites consisted only of PRO measures, however two trials 
(MONARCH [49] and TITAN [33]) used increase in opi-
ate usage (or pain progression) to define a deterioration 
event. Patient drop-out was included in the definition of 
deterioration (alongside death and disease progression) 
in one trial OTT 0101/RTOG 9413 [44].

PRO TTD analysis methods
The most common statistical methods for the TTD 
analyses included the Cox proportional hazards model 
(n = 60/70, 86%), and the log-rank test (n = 45/70, 64%). 
More than half the trials reported using both (n = 39/70, 
56%). Separately, n = 21/70 (30%) of trials only reported 
using the Cox proportional hazards model and n = 6/70 
(9%) of trials only reported using the log-rank test. It was 
not clearly reported in three trials (n = 3/70, 4%) whether 
a log-rank and/or Cox proportional hazards model was 
used. The only trial not to use either a log-rank test or 
Cox model was Morabito et al. [25] describing the com-
peting risk analyses of data from MILES-3/MILES-4 
using a Fine and Gray regression model (Table 3).

Regarding TTD endpoint analyses, 13% (n = 9/70) of 
the trials did not state which factors were included in 
the statistical model. One trial (REFLECT [45]) stated 
that there were no factors included in the TTD statistical 
model and eight trials [29, 32, 34, 42, 46, 50–52] explic-
itly stated that the TTD statistical model was unstrati-
fied (ADAURA [46] justified this as a result of low event 
counts). Half (n = 35/70) of the trials explicitly stated that 
the TTD endpoint analyses were stratified and n = 19/70 
(27%) listed the stratification factors used. Three (Check-
Mate 141 [53], CheckMate 274 [54] and MILES-3/
MILES-4 [25]) trials stated that the baseline PRO value 
was used as a covariate. Most trials (n = 63/70, 90%) did 
not report the method used for tied survival times. Of 
those that did, six used the Efron method and one trial 
(MYSTIC [22]) used the Breslow approach [55].

Most trials (n = 43/70, 61%) did not report any sensitiv-
ity analysis for TTD. Overall, n = 27/70 (39%) reported 

Table 3 Censoring and analysis methods
Study characteristic Number 

of trials 
(% of 70 
trials)

Multiplicity adjustment for PRO TTW endpoint
Multiplicity adjustment applied 3 (4.3%)
Multiplicity adjustment not applied 39 (55.7%)
Not reported if multiplicity adjustment applied 28 (40.0%)
Missing PRO score at any timepoint
Missing data handling method reported 27 (38.6%)
Missing data handling method not reported 43 (61.4%)
Patients with no PRO scores
Excluded from the TTD analysis 21 (30.0%)
Censored at randomization 6 (8.6%)
Not reported 43 (61.4%)
Patients with no baseline PRO scores only
Excluded from the TTD analysis 11 (15.7%)
Censored at randomization/Day 1/last assessment 11 (15.7%)
Not reported 48 (68.6%)
Patients with baseline PRO score only
Excluded from the TTD analysis 5 (7.1%)
Censored at randomization/Day 1/last assessment 10 (14.3%)
Not reported 55 (78.6%)
Missing data/censoring in TTCD and TUDD definitions (applicable 
in 40 trials)
Handling of missing data following initial deterioration (% 
of 40)
Censored at last evaluable assessment 1 (2.5%)
Not reported 39 (97.5%)
Initial deterioration occurs at last recorded PRO assessment 
(% of 40)
Censored at last evaluable assessment 2 (5.0%)
Considered as deterioration 2 (5.0%)
Not reported 36 (90.0%)
TTD analysis methodsa

Cox proportional hazards model 60 (85.7%)
Log-rank test 45 (64.3%)
Both Cox proportional hazards model and log-rank test 39 (55.7%)
Fine and Gray regression model for competing risks analysis 1 (1.4%)
Not reported 3 (4.3%)
aTTD Analysis Methods: Categories are not mutually exclusive
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incorporating some sensitivity analysis for the PRO TTD 
endpoint. The most common involved testing a differ-
ent responder definition (RD) threshold used to define a 
deterioration (n = 8/27, 30%).

PRO TTD endpoint analysis results
Figure  2 shows the PRO TTD results comparing treat-
ment arms (HR and 95% confidence intervals) for 
physical functioning specific TTD endpoints. Physical 
functioning endpoints were selected since this was the 
most commonly reported domain. The results are dis-
played by TTD definition. The range of HR is broadly 
similar regardless of the definition and statistically sig-
nificant results were observed for each definition.

Most TTD of PRO endpoints yielded between 20 
and 60% of patients with events (Appendix Figure  A.1). 
The higher proportion of patients experiencing TTD 
events and higher proportion of statistically significant 
PRO TTD endpoints were seen for TTFD, as might 

be expected since worsening at only one timepoint is 
required and therefore both transient and non-transient 
events are captured by the endpoint. It should be noted 
though that there are trials where TTCD and TUDD def-
initions also have relatively high proportions (40–80%) 
of patients with events and statistically significant TTD 
of PRO endpoints. Despite some trials having low power 
with only 10–20% of patients with TTD events, there 
were still some statistically significant results observed 
across the TTD definitions (Appendix Figure A.1).

Across all TTD definitions, there were both statisti-
cally significant and non-significant results. Appendix 
Figure  A.2 shows that within cancer sites, various TTD 
definitions were used. Some cancer sites (e.g., gastric/GI, 
prostate, neuroendocrine) consistently had no (or rela-
tively very few) differences between treatment arms for 
TTD endpoints. Within some cancer sites, some TTD 
definitions had higher proportions of statistically signifi-
cant results compared with others, for example in breast 

Fig. 2 Physical functioning domains hazard ratios reported for each TTD definition
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cancer, TTFD (no death) and TUDD (with death) had a 
numerically higher proportion of significant results com-
pared to TTFD (with death) and TUDD (no death). There 
was no consistent pattern in other cancer sites. Within 
cancer sites, a higher frequency of events was not always 
associated with a higher proportion of statistically signifi-
cant PRO TTD endpoints.

Relationship between efficacy endpoints and PRO TTD 
endpoint results
Figure  3 illustrates a potential relationship between the 
efficacy results (statistically significant OS or PFS) and 
the reporting of at least one statistically significant TTD 
endpoint. Overall, 38% (291/773) of PRO TTD endpoints 
from studies showing treatment benefit in OS or PFS 
were statistically significant endpoints. The TTD defini-
tion did not appear to affect this relationship although 

Fig. 3 Proportion of patients with events by trial and OS/PFS significance. Number of endpoints represents the denominator for percentage calculation 
(specifically number of endpoints within each TTD endpoint definition and OS/PFS result). Studies without an associated OS or PFS result were excluded 
from the analysis (n = 1 trial consisting of 9 TTD endpoints)
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the number of studies reporting no significant OS/PFS 
result was small (n = 8/70, 11%).

Discussion
This review identified that the current PRO TTD end-
points in oncology clinical trials are heterogeneous with 
respect to the definitions used. Differences in definitions 
and analysis frameworks were not explained by differ-
ences in trial characteristics, which would indicate that 
within cancer sites and stages there is no consensus on 
the most appropriate definition. The lack of clear report-
ing of the full analysis framework however limited the 
extent to which this could be explored. Descriptively, 
there was no clear association between definitions or 
analysis methods and whether there was a statistically 
significant result for the PRO TTD endpoint, indicating 
that there should not be a preference based on the per-
ceived likelihood of ‘success’ of a particular definition. 
The driver for choice of endpoint should be careful con-
sideration of the research question and selection of an 
appropriate estimand framework to answer that ques-
tion. For example, TTCD could be perceived as a riskier 
endpoint strategy since there may be more missing data 
as it requires having data on at least two consecutive 
assessments. It also means observing fewer events than 
TTFD since it removes transient deteriorations from the 
endpoint, therefore potentially reducing the statistical 
power. Our findings however indicate that TTCD and 
TUDD endpoints can yield sufficient events in the appro-
priate setting.

Our review included 70 oncology trials. Although there 
was heterogeneity in TTD definitions, there was a high 
degree of consistency in the use of statistical analysis 
methods. However, many trials did not fully define the 
TTD endpoint, and this could be improved by following 
existing guidance for including PRO endpoints in proto-
cols (SPIRIT-PRO) [56], specification of estimands [57] 
and reporting of PRO data (CONSORT-PRO) [58].

Using the ICH E9 R1 estimand framework [59], all ele-
ments of a TTD endpoint would be presented. Firstly, a 
clear objective for the PRO endpoint should be defined. 
This is often overlooked yet it forms the basis for an 
adequately defined endpoint [60]. Objectives will vary 
across oncology trials depending on the disease (e.g., an 
advanced prostate cancer trial compared to an advanced 
pancreatic cancer trial) and treatment (1st line vs 2nd 
line therapy), therefore, variation in the attributes of the 
estimand is inevitable. There may be some settings where 
time to improvement PRO endpoints are more appropri-
ate, for example in an adjuvant setting measuring PROs 
post-surgery where improvement in the long term is 
anticipated.

Within the estimand framework, a clearly specified 
objective informs the most appropriate intercurrent 

event handling strategy, which in turn helps with the 
planning of the PRO assessment schedule. More fre-
quent PRO assessments, or inclusion of post-progression 
assessments may be required to facilitate a TTD analysis 
where treatment duration or prognosis is short. For some 
studies, TTD of a PRO endpoint may not be feasible if 
there are a limited number of PRO assessments planned. 
A treatment policy strategy (where the interest lies in the 
treatment effect regardless of intercurrent event occur-
rence) may be desirable in many situations but would 
require assessments continuing after disease progression 
or after discontinuing treatment. This requires planning 
to ensure feasibility and quality of data collection after 
treatment discontinuation. Even if a while-on-treatment 
strategy was used, ultimately, if the PRO schedule is not 
logistically practical then it is likely there will be high 
amounts of missing data. Therefore, the choice of esti-
mand may be limited by implementation of the PRO 
assessment schedule in the trial and the two need to be 
considered in parallel.

There are examples of TTD endpoints being included in 
prescription drug labelling. For instance, TTD endpoint 
results for the patient-reported concepts of “shortness of 
breath” (FDA) and cough, pain and dyspnea (EMA) were 
included in the prescribing/product information for ceri-
tinib (Zykadia®), approved for patients with metastatic 
anaplastic lymphoma kinase (ALK)-positive Non-small 
cell lung cancer (NSCLC) [61, 62]. However the point 
estimate for this TTD endpoint was not included in the 
FDA label due to its positioning as an exploratory end-
point. The elevation of a TTD endpoint to a key second-
ary endpoint and placement within the testing hierarchy, 
for example, may be especially pertinent in advanced 
settings where delaying worsening of symptoms may be 
highly valued by patients. With novel treatments, little 
may be known about the expected impact on PRO data, 
and clear hypotheses may not be feasible leading to these 
endpoints being specified as exploratory. Consideration 
of the expected course of the disease and treatment 
intentions should lead to an improvement in both the 
definition of use of TTD endpoints.

A strength of this review is that the extracted data 
from the current literature can be used to facilitate plan-
ning for future trial endpoints. With respect to planning 
the PRO assessment schedule, we found that most stud-
ies link the PRO assessment schedule to the study dos-
ing schedule (day 1 of a treatment cycle). However, we 
identified examples where the dosing schedules differed 
between treatment groups (e.g. 3-weekly vs 4-weekly 
cycles), which can lead to analytical challenges. Other 
challenges are incorporating an appropriate PRO assess-
ment schedule for oral (potentially daily dosing) versus 
intravenous treatments (e.g., administered on alternate 
days in the first week followed by a treatment break 
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during a 3-week cycle). PRO schedules on the first day 
of dosing may capture the worst side effects on day 1 
for the intravenous (IV) group but miss cumulative side 
effects from continued daily dosing. Historically PRO 
assessments in cancer clinical trials were linked to clinic 
visits to increase completion rates, however, by decou-
pling PRO assessments with cycle visits, it is possible to 
increase our understanding of how symptoms change 
over the course of treatment.

With respect to PRO TTD endpoint definition, we 
found that most trials had inadequate reporting (e.g., 
not defining the deterioration event in sufficient detail or 
how intercurrent events were handled). Although there 
was a lack of consistency with respect to the PRO TTD 
endpoint definition across included trials, this may in 
part be due to the differing underlying objectives but also 
due to the categorizing trials by cancer type and stage. 
It is possible that within the broad categorizations there 
are different patient populations and different treatment 
goals under investigation and therefore different PRO 
TTD endpoint definitions were justified. This highlights 
that the expectation for a single consistent TTD of PRO 
definition may not be realistic but, aligned with Anota et 
al. [11] a consensus could potentially be achieved within 
specific settings. The choice of definition is also impacted 
by missing data. For example, more missing data may be 
observed with TTCD compared with TTFD, since there 
is a requirement for deterioration in consecutive PRO 
assessments. In an advanced disease setting it may be 
unrealistic to plan a TTCD/TUDD endpoint even if it 
were desirable to consider definitive deterioration rather 
than possibly transient changes.

With respect to results for PRO TTD endpoints, this 
review provides a unique opportunity to see the impact 
of the different definitions on number of deterioration 
events observed and the impact on statistical power for 
the study. These data can support researchers in planning 
and evaluating PRO TTD endpoints for future studies. It 
also highlights the value of these endpoints in supporting 
primary endpoint results, such as OS and PFS.

Limitations of this targeted review include the extent of 
the search strategy, and review methods compared those 
used in systematic literature reviews. Following execu-
tion of the searches, we ranked the abstracts to select 
the most relevant articles for data extraction, favouring 
those with better reporting of TTD of PRO results in the 
abstract. While this may have limited the number of tri-
als from which TTD data was extracted, it is unlikely that 
the conclusions of this review would differ. It is possible 
that the inclusion of abstracts with limited TTD report-
ing may have further strengthened our recommenda-
tion for better reporting of TTD definitions. The results 
of this review provide an overview of findings from TTD 
endpoints, which has been previously reported, though 

in a smaller pool of 39 Phase III studies [14]. The Charl-
ton et al. review concluded that attention should be paid 
to the definition of deterioration and that this should be 
based on the specific cancer setting. The motivation for 
the current review and for summarising data from TTD 
endpoints by cancer and stage therefore was to facilitate 
consideration of how the definition may vary by cancer 
setting. This targeted review also provides further analy-
sis and critique of TTD of PRO endpoints from a wider 
range of trials and consolidates these results with the 
existing literature.

Our key recommendations include carefully defin-
ing the TTD endpoint using the estimand framework 
and considering the trial setting and expected treatment 
effect. The nuances of how TTD is ultimately defined 
links to a different research objective and estimand. This 
will be true within cancer types and stages. This may 
explain the lack of consistency observed across trials. 
Rather than focusing on achieving consistency in defi-
nitions of TTD endpoints, our recommendations are to 
focus on improved clarity of the TTD objective and end-
point, and considering the assumptions required to con-
duct a survival analysis of these data.

Conclusion
TTD endpoints are one type of endpoint for the demon-
stration of treatment benefit using PRO data alongside 
other endpoints associated with changes in mean score 
over time and responder-based analyses. The choice 
of endpoint is ultimately led by the research question. 
Although the analysis of PRO TTD endpoints has chal-
lenges to address, the results can be used to help guide 
regulators when clinical benefit magnitude is small, 
and they could help facilitate decision making between 
patients and oncologists when more than one treatment 
option is available. Following existing guidelines for PRO 
endpoint planning in protocols (SPIRIT-PRO) [56], esti-
mand definition [57, 59] and reporting of PRO analyses 
(CONSORT PRO extension) [58] will improve their util-
ity and impact.
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