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Abstract: Enriched enrollment randomized withdrawal (EERW) pain trials are designed to
include only responders with considerable pain relief without unacceptable side effects into
the randomized phase. There are no recommendations for primary endpoints in such trials.
Our objective was to propose recommendations based on assessment of trial characteristics,
endpoints and effect sizes in EERW pain trials. We conducted a systematic review by
searching electronic databases up to June 2020 for EERW trials comparing an analgesic
with a placebo in adults suffering from chronic pain. A total of 28 trials met our criteria,
involving 13662 patients in the open or single-blind phase and 7937 patients in the double-
blind phase. As primary endpoint 18 trials used pain intensity measured with the visual
analogue scale (VAS) or the 11-point numerical rating scale (NRS); 1 trial used a 4-point
NRS. Loss of therapeutic response (LTR) was used in 1 trial and time to LTR was used in 8
trials as primary endpoint. Definitions of time to LTR differed considerably between trials.
Only 2 out of 8 trials using time to LTR as primary endpoint reported the percentage of
patients experiencing a minimum pain relief of 50%, compared to 14 out of 18 trials using
NRS or VAS. Due to the complexity and diversity of time to LTR in EERW pain trials, we
propose to use the NRS as primary endpoint with conservative imputation methods, and to
use time to LTR as secondary endpoint.
Keywords: systematic review, pain, EERW trials, analgesics, endpoints

Introduction
Enriched enrollment randomized withdrawal (EERW) pain trials consist of an open
or single-blind selection phase followed by the randomized double-blind phase (see
Figure 1).1

The selection phase is often divided in 2 periods: 1) titration period, in which the
analgesic drug is prescribed to the highest tolerable dose; 2) maintenance period to
ensure a sustained pain-relieving effect at the optimal dose.1 The selection phase can
also be used to switch trial patients from currently used analgesics to study analgesics.1

In the double-blind phase, responders tolerating the investigational drug are
included and randomized into either the active or placebo arm.1 Responders are
usually defined as patients experiencing a certain level of pain relief (often 30%)
from baseline in the selection phase up to the start of the double-blind randomiza-
tion phase.1 Patients randomized into the placebo arm are expected to experience
pain aggravation, whereas patients randomized in the active arm are expected to
maintain pain relief.1
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The design of EERW trial ensures that only respon-
ders who experience considerable pain relief, and no or
acceptable side effects on a predefined or titrated dose in
the selection phase are included in the randomized dou-
ble-blind phase. By this way patients not tolerating side
effects drop out in the selection phase and do not affect
the study results in the double-blind phase.1,2 Normally,
physicians do not continue prescribing a drug that is not
well tolerated. Therefore, EERW pain trials more closely
resemble clinical practice because trial patients are not
exposed to a non-tolerated treatment in the double-blind
randomized phase.3 This design is also very useful in
circumstances in which a placebo group is desirable, but
prolonged exposure to placebo presents ethical or prac-
tical concerns as this design can incorporate escape to
standard care or alternative treatments.4

In order to design a trial to detect a statistically sig-
nificant difference between the active and placebo group, it
is essential to choose the proper primary outcome and
estimate a realistic effect size for a well-founded power
calculation. In chronic pain trials, the following core out-
come domains are recommended: pain intensity, interfer-
ence in physical and emotional functioning, global
improvement and satisfaction, and adverse events and
patient disposition (including adherence to the treatment
regimen and reasons for premature withdrawal from the
trial).5,6 Regarding pain intensity, the 11-point numerical
rating scale (NRS) is recommended as core outcome
measure.5 Furthermore, additional analyses of minimal
pain relief of 30% and 50% (MPR30 and MPR50) are
recommended.5 MPR30 and MPR50 are seen as moderate
and substantial clinical benefit.7

In EERW pain trials, mostly chosen endpoints are the
following: 1) pain intensity measured with NRS or with
the 10 cm visual analogue scale (VAS), 2) MPR30 and

MPR50 compared to screenings baseline, and 3) time to
loss of therapeutic response (LTR).2,8,9 Other descriptions
of time to LTR are time to treatment failure, time to
inadequate analgesic response, or time to exit.

Many factors can influence the effect size. For exam-
ple, a systematic review on EERW chronic pain trials
revealed that the standardized effect size decreased line-
arly by 0.13 for every 10 sites (P=0.037), from 0.75 to
0.36, until stabilization at 60 sites.9 The number of sub-
jects required for 90% power to discriminate the difference
between a study drug from placebo increased from 78 to
336 subjects, having 30 to 60 sites included. Another
systematic review did not reveal a difference in effect
size comparing enriched and non-enriched trials, whereas
failure of blinding outcome assessor and failure to use
intention to treat analysis were associated with the larger
effect sizes.10 Other factors influencing the effect size
negatively are longer duration of trials and more trial
patients.11 Furthermore, these outcome differences likely
reside in different patient populations, types of pain, drugs
and administration routes. However, additional factors,
related to the study design itself, may be related to the
magnitude of the effect size. Identifying such factors is
useful for the planning of future trials (eg, factors with
respect to required sample size).

The purpose of this systematic review is to identify
factors to design EERW pain trials optimally. With this
systematic review, we 1) evaluate characteristics of the
EERW pain trials with patients ≥18 years of age evaluat-
ing efficacy of analgesics compared to placebo 2) present
the absolute effect size of difference in pain intensity, 3)
correlate the absolute effect size with double-blind phase
characteristics, ie, the stringency of inclusion criteria,
duration of the double-blind phase and pain intensity at
double-blind baseline and 4) propose recommendations for

Figure 1 Design of enrichment enrolment withdrawal trials.
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primary and secondary endpoints based on the qualitative
analysis.

Methods
To perform this systematic literature review we followed
the guidelines of Preferred Reporting Items for Systematic
Reviews and Meta-Analyses (PRISMA) guidelines.12

Protocol and Registration
The protocol of this systematic review was registered in
advance through PROSPERO: CRD42020186453.

Eligibility Criteria
Our inclusion criteria were 1) EERW trial, 2) patients ≥18
years of age, 3) any type of chronic nonmalignant pain
with a duration of at least 3 months and pain intensity as
an outcome measure, 4) placebo-controlled trials with
a double-blind phase of ≥4 weeks, 5) ≥10 patients per
arm, 6) definition of a responder determined on a pain
scale at the end of the selection phase, 7) presented power
calculation. Exclusion criteria were 1) cross-over design in
the double-blind randomization phase and 2) post-hoc
analysis publications of EERW pain trials.

Information Sources
To identify relevant studies, we performed a search in
following databases: PubMed, PsychInfo and Scopus
from the beginning of these databases up to June 2020.
Furthermore, we have examined the references of systemic
reviews about EERW chronic pain trials for potentially
relevant trials. No limits were applied for language.

Search
We used the following search terms in all mentioned
databases: withdrawal trial; pain. For more detailed infor-
mation on the search strategy see Supplement 1. The
search was conducted by DJK.

Study Selection
Two authors (DJK, KS) independently screened titles and
abstracts imported into Rayyan database to select manu-
scripts meeting the inclusion criteria. If based on the title
and abstract the article would be included, the full articles
were screened. Any disagreement on separate preliminary
decisions was resolved through discussions by the two
authors (DJK, KS).

Data Collection Process and Items
One review author (DJK) extracted data into SPSS. The
data was checked by two other authors (KS, PS). The
following data were extracted: patients age, type of pain,
pain intensity, investigational drug naïve or experienced
patients, type of drug and application form, number of
applications per day, allowance of rescue medication,
number of research sites and countries, type of selection
phase (ie, open or single-blind), inclusion criteria in
selection and double-blind phase, number of patients in
screening, selection and double-blind phase, number of
drop-outs, duration of selection and double-blind phase,
percentage of treatment emergent adverse events
(TEAEs), primary and secondary endpoints, power cal-
culation characteristics (ie, power, standard deviations,
assumed effect size) absolute effect size and its confi-
dence intervals, imputation methods for drop-outs, per-
centage of patients with MPR30 and MPR50 in double-
blind phase compared to selection phase baseline pain
score.

Assessment of Risk of Bias in Included
Studies
Risk of bias and quality of reporting assessments were
undertaken by the first and second authors (DJK, KS)
independently with the revised version of the Cochrane
tool, known as Risk of Bias 2 tool.13 The following risk of
bias domains were assessed: bias arising from randomiza-
tion process (random sequence generation, allocation con-
cealment, baseline similarity between groups) bias due to
deviations from intended interventions (blinding patients,
carers and trial personnel, deviations due to intervention
expectations, intention-to-treat analysis), bias due to miss-
ing outcome data, bias in measurement of the outcome
(blinding the assessor), bias in selection of the reported
result. The website of clinicaltrials.gov was accessed and
data retrieved when full articles lacked information. These
steps ensured the completeness of reporting and helped to
determine the reliability and replicability of included trials.
If any disagreements arose, consensus was reached
through discussion between the two authors (DJK, KS).

We followed the definition of Risk of Bias tool regard-
ing high-quality study with low risk of bias in all 5
domains; moderate quality study when some concerns
arose in one of the domains; low quality of study when
high risk of bias in one of the domains appeared.
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Descriptive Analyses
The VAS measuring pain intensity can be reported in mm
or cm. To be able to compare trial results using the VAS
with trials using the 11-point NRS measuring pain inten-
sity, we reported the former trials in cm, and named this
outcome NRS for the sake of readability. The mean, stan-
dard deviations (SD) and range were used for continuous
data with normal distribution. The difference between the
active and placebo groups in their change in NRS pain
intensity was measured from beginning until the end of the
double-blind phase. A negative difference (negative effect
size) implies an NRS increase in the placebo group, and
thus an analgesic effect of the active treatment.
Standardized effect size was calculated as follows: mean
difference in pain intensity score between the active and
placebo group divided by the SD. The Number Needed to
Treat (NNT) is calculated using the MPR50 as follows:
100/(MPR50 active group – MPR50 placebo group).14

Additional Data Analyses
Explorative quantitative analyses were performed to
assess the potential association between selected trial-
level variables and the absolute effect size. To evaluate
the potential influence of the enrichment stringency for
the double-blind phase on the effect size, we grouped
trials based on the presented inclusion criteria in cate-
gories with the following definitions: 1 = ≤4 NRS or ≥1
NRS pain relief at the end of the selection phase, 2 = ≤4.5
NRS or ≥1.5 NRS pain relief, 3 = ≥2NRS pain relief or
≥30% pain relief, and 4 = ≥50% pain relief. We also
assessed the relationship between the baseline NRS at
the double-blind phase and the effect size, as well as the
relationship between the duration of the double-blind
phase and the effect size. We hypothesized that 1)
a more stringent enrichment, 2) a lower NRS at the dou-
ble-blind baseline and 3) a longer double-blind treatment
duration would be associated with a larger absolute effect
size. These hypotheses were explored with meta-analysis
and meta-regression using Stata 16.1 (StataCorp, College
Station, TX, USA).15 Meta-analysis as well as meta-
regression were specified as random effects models with
restricted maximum likelihood estimation. Moreover, we
hypothesized that stringent enrichment would result in
a lower percentage of patients included in the double-
blind phase (relative to the total number of patients
included in the selection phase), and tested for
a relationship between the enrichment stringency and the

percentage of included patients in the double-blind phase
with a Kruskal–Wallis test and meta-regression.16 We
assessed publication bias using a funnel plot, in which
the standard error of the effect size estimate is plotted
against the effect size estimate. Asymmetry in the plot
was determined by visual inspection as well as more
formally with Egger’s test.

Results
Trial Selection
The primary search in all databases revealed 610 records
of which 56 duplicates were removed. No additional
records were found by screening the references in the 8
systemic reviews about EERW chronic pain
trials.1,2,8,10,44–47 Twenty-eight trials met the inclusion cri-
teria (see Figure 2).

Trial Characteristics
The total number of patients in the selection and the
double-blind phase were 13662 and 7937, respectively.
The mean age of the patients in the trials was 55.1 years
(SD: 6.2), ranging between mean 47.3 years (SD: 13.4),23

and 66.8 years (SD: 13.1),38 having included the youngest
patient of 18 years,26,39,42 and the oldest of 93 years.37 The
mean NRS at selection phase baseline and at double-blind
baseline was 6.9 (SD: 0.5) and 3.0 (SD: 0.7), respectively.
Eighteen trials used the 11-point NRS or VAS and one trial
used a 4-point NRS as the primary endpoint (see
Table 1).35 Eight trials used time to LTR with different
definitions and one trial used treatment failure as a primary
endpoint (see Table 2).43 In the 19 trials using the NRS or
VAS as primary endpoint to measure pain intensity, the
mean number of patients in the selection and double-blind
phase was 522 (SD: 259, range: 37 to 1024) and 316 (SD:
149, range: 26 to 588), respectively. The number of
screened patients was reported in only 14 out of 19 trials,
with a mean of 997 (SD: 529, range: 51 to 1927). In the 9
trials using LTR or time to LTR as primary endpoint, the
mean number of patients in the selection and double-blind
phase is 416 (SD: 316, range: 67 to 1051) and 216 (SD:
168, range: 29 to 566), respectively. The number of
screened patients was reported in 8 out of 9 trials, with
a mean of 651 (SD: 558, range: 125 to 1777). No statis-
tically significant difference in number of patients in both
phases was found between trials having time to LTR and
NRS or VAS as primary endpoint.
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The duration of the selection phase was in 14 trials up to 4
weeks;20,25,27–31,35,36,38,40,41,43 in 12 trials between 4 and 8
weeks;17–19,21–23,26,32 2 trials did limit this phase.33,34 Six
trials used a single-blind design in the selection
phase,24,27,30,37,39,41 of which 5 trials examined pregabaline.

Six trials had a relatively short double-blind phase of 4
or 5 weeks;27,30,35,36,41,43 20 trials had a double-blind
phase of at least 12 weeks.17–26,28,29,31–34,37–40,42 One
trial had a double-blind phase of 26 weeks.42 Only one
trial was monocentric.27 The mean number of sites of the
other trials (n=27) was 69 (SD: 46, range 9 to 258). Most
of the trials were performed in 1 country (n=20). The trials
were mainly performed in the United States (n=21), fol-
lowed by Canada (n=7), South Africa (n=3) and Japan
(n=3). A concise overview of data from these included
trials is provided in Tables 1 and 2.

Types of Pain
Four trials included more types of pain (see Tables 1 and
2). Chronic low back pain was the most examined type of

pain (n=14), followed by painful diabetic neuropathy
(n=5), osteoarthritis (n=4), fibromyalgia (n=3), post herpe-
tic neuralgia (n=3), trigeminal neuralgia (n=1), lumbosa-
cral radiculopathy (n=1), complex regional pain syndrome
(n=1), and post-operative pain (n=1).

Interventions
Most of the EERW trials examined the effect of opiates
(n=19), mainly in extended-release formulations (see
Tables 1 and 2), followed by pregabalin (n=6). Other
interventions were a synthetic cannabinoid mimicking
tetrahydrocannabinol (nabilone), a Nav 1.7 sodium
channel blocker (raxatrigine) and a serotonin–norepi-
nephrine reuptake inhibitor (milnacipran). Most of the
trials examined an oral formulation (n=23). Other for-
mulations consisted of patches (n=3) and buccal adhe-
sive soluble film (n=2). Only one trial used a fixed
dose in the selection and double-blind phase.43 All
other trials used the selection phase for titrating med-
ication up to the desired pain reduction to be able to
enter the double-blind phase, or until side effects
occurred. In most of the trials (n=17) patients took
the investigational drug twice daily.17–22,25–27,29,30,32–
34,36,40,42 In 6 trials patients took the investigational
drug only once daily.23,31,37–39 One trial investigated
a buprenorphine patch which had to be changed every
week.28

Primary Endpoints
As primary endpoint, the 11-point NRS was used in 16
trials, the 4-point NRS in 1 trial, the VAS in 2 trials, the
LTR in 1 trial, and the time to LTR in 8 trials (see tables 1
and 2). The MPR30 and MPR50 were never used as
primary endpoints.

Use of Rescue Medication
In only 3 trials rescue medication was not allowed in the
selection phase.28,33,35 In the double-blind phase, most of
the trials allowed rescue medication, except for 2
trials.35,41 Two trials did not mention the use of rescue
medication in both phases.27,43

Inclusion Criteria for the Selection Phase
For inclusion in the selection phase, most trials used the
NRS or VAS (hereafter named as NRS) as one of the
criteria measuring the intensity of pain. This inclusion
criterion had different cut-off values:

610 records identified  
Pubmed (n=487) 
PsychInfo (n=92) 

Scopus (n=31) 

Number of records after removal of 
duplicates (n=554) 

Number of full-text articles read for 
eligibility (n=55) 

Number of trials included  
(n=28) 

Number of trials included for 
quantitative correlation analysis 

(n=20) 

Figure 2 PRISMA flow diagram.
Abbreviations: n, number; PRISMA, Preferred Reporting Items for Systematic
Reviews and Meta-Analyses.
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Table 1 Characteristics of EERW Pain Trials with NRS or VAS as Primary Endpoint

Author, Year Drug Pain Type Sites (n) Pt (n)

Screened

Pt (n)

in SP

Pt (n) in DB,

% Pt of SP

Duration

SP (wk)

Duration

DB (wk)

Primary

Endpoint

Time to LTR as Secondary Endpoint

Rauck,17 2016 Buccal buprenorphine CLBP 60 1633 749 461, 62% ≤8 12 NRS NR

Gimbel,18 2016 Buccal buprenorphine CLBP 66 1656 815 511, 63% 8 12 NRS NR

Rauck,19 2015 Oxycodone ER + NLX CLBP 47 663 410 281, 69% ≤6 12 NRS A) Discontinuation due to lack of efficacy

B) 30% & 50% loss of analgesia

Katz,20 2015 Oxycodone ER CLBP 46 NS 740 389, 53% 4 12 NRS Discontinuation for any reason

Hale,21 2015 Hydrocodone ER CLBP 87 845 625 370, 59% 4 to 6 12 NRS Discontinuation due to lack of efficacy or excessive use of RM

Hale,22 2015 Hydrocodone ER CLBP/OA 73 519 389 294, 76% 6 12 NRS >33% & >50% pain increase at wk 1,2,4,8,12

Wen,23 2015 Oxycodone CLBP 94 1927 905 588, 65% 7 12 NRS NR

Raskin,24 2014 Pregabalin PDN 258 1105 665 294, 44% 6 13 NRS <15% pain relief compared with SP baseline

Vinik,25 2014 Tapentadol PDN 80 917 459 320, 70% 3 12 NRS NR

Rauck,26 2014 Hydrocodone ER CLBP 59 828 510 302, 59% 6 12 NRS Discontinuation due to lack of efficacy

Toth,27 2012 Nabilone PDN 1 51 37 26, 70% 4 5 NRS NR

Steiner,28 2011 Buprenorphine patch CLBP 86 1466 1024 541, 53% 4 12 NRS Discontinuation due to lack of efficacy

Schwartz,29 2011 Tapentadol PDN 87 1131 588 395, 67% 3 12 NRS NR

Gilron,30 2011 Pregabalin PDN/PHN 25 405 256 157, 61% 4 5 NRS Discontinuation or pain increase of ≥1 on NRS and <30%

difference from SP baseline

Hale,31 2010 Hydromorphone ER CLBP 66 806 459 268, 58% 2 to 4 12 NRS Discontinuation due to lack of efficacy, AEs or use of RM

Katz,32 2010 Morphine + NLX OA 77 NR 547 344, 63% 6.5 12 NRS Discontinuation for any reason

Katz,33 2007 Oxymorphone CLBP 29 NR 325 205, 63% NS 12 VAS A) Discontinuation due to lack of efficacy

B) Discontinuation for any reason

Hale,34 2007 Oxymorphone ER CLBP 31 NR 250 143, 57% NS 12 VAS Discontinuation due to lack of efficacy

Caldwell,35 1999 Oxycodone CR OA 9 NR 167 107, 64% 4 4 4p NRS NR

Abbreviations: 4p, 4 point; AEs, adverse events; CLBP, chronic low back pain; CR, controlled release; DB, double-blind phase; ER, extended release; LTR, loss of therapeutic response; n, number; NLX, naltrexone; NR, not reported;
NRS, 11-point numerical rating scale; OA, osteoarthritis; PDN, painful diabetic neuropathy; PHN, post herpetic neuralgia; Pt, patients; RM, rescue medication; SP, selection phase; VAS, visual analogue scale; wk, week.
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Table 2 Characteristics of EERW Pain Trials with Time to LTR & Treatment Failure as Primary Endpoint

Author, Year Drug Pain
Type

Sites
(n)

Patients
Screened
(n)

Patients
in SP (n)

Patients in DB
(n), % pt of SP

Duration
SP (wk)

Duration
DB (wk)

Primary Endpoint Time to LTR NRS
(Change)
Reported

Kawamata,36

2019

Oxycodone

ER

CLBP 54 NR 188 130, 69% 4 5 1) <MPR30 or >3 on NRS for 3 consecutive

days, or
2) worsening leading to dose increase, change or

addition of analgesic, including RM

Yes

Huffman,37

2017

Pregabalin

CR

PHN 116 1117 801 413, 52% 6 13 1) <MPR30, or

2) discontinuation due to AE or lack of efficacy

Yes

Arai,38 2015 Fentanyl

patch

CLBP/

OA

59 240 218 150, 69% 1 to 4 12 1) >15 VAS during 3 consecutive days compared

to last 3 days of SP,

2) mean >1/day RM for 3 days compared to last 3
days of SP, 3) ≥3/day RM for 5 days,

4) discontinuation due to lack of efficacy, or

5) dose increase

Yes

Arai,38 2015 Fentanyl

patch

PHN/

CRPS/

CPOP

90 280 258 163, 63% 1 to 4 12

Arnold,39 2014 Pregabalin

CR

FM 50 770 441 122, 28% 6 13 1) <MPR30, or

2) discontinuation due to AE or lack of efficacy

Yes

Clauw,40 2013 Milnacipran FM 58 358 340 151, 44% 4 12 1) <MPR30 at visit, or

2) worsening requiring alternative treatment, as
judged by the trial’s principal investigator

No

Baron,41 2010 Pregabalin LSRP 46 544 378 217, 57% 4 5 1) <MPR30 (mean weekly) and ≥1 on NRS,
2) use of RM, or

3) discontinuation

Yes

Crofford,42

2008

Pregabalin FM 95 1777 1051 566, 54% 6 26 1) <MPR30 at 2 consecutive visits (the first of

the 2 visits defined the time to LTR), or

2) worsening requiring alternative treatment, as
judged by the trial’s principal investigator

No

Zakrzewska,43

2017
Raxatrigine TN 25 125 67 29, 43% 3 4 Treatment failure:

1) >3 paroxysms in 1 wk and

2) ≥50% intensity or ≥50% frequency

Yes

Abbreviations: AE, adverse event; CLBP, chronic low back pain; CPOP, chronic post-operative pain; CR, controlled release; CRPS, complex regional pain syndrome; DB, double-blind phase; ER, extended release; FM, fibromyalgia; LSRP,
lumbosacral radiculopathy; LTR, loss of therapeutic response; MPR30, minimum pain relief of 30% compared to selection phase baseline pain score; n, number; NRS, 11-point numerical rating scale; NR, not reported; OA, osteoarthritis;
PHN, post herpetic neuralgia; pt, patients; RM, rescue medication; SP, selection phase; TN, trigeminal neuralgia; VAS, 100 mm visual analogue scale; wk, week.
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1. ≥4 last 24 hours,26,36

2. daily mean of ≥4 during 1 week,24,27,37,41 with addi-
tion of having at least 4 days filled in,30,39,43 or with
addition of ≥4 at 2 weekly screening visits,42

3. ≥5 last 24 hours,22,32,38 daily mean of ≥5 during 3
days,25,29

4. daily mean of ≥5 and ≤9 during 1 week having at
least 4 days filled in,19

5. daily mean of ≥5 during 2 weeks,23,28 with addition
of <10,17 or

6. ≥5 not further specified,33 with addition of ≤9,32

Other inclusion criteria were:

1. ≥10 points as measured with the 24-point Roland-
Morris Disability Questionnaire,17

2. moderate to severe chronic low back pain not
further specified,18,21

3. pain despite the use of NSAIDs,35 the use of
(opioid) analgesics,19 the use of milnacipran,40

4. the use of between ≥60 and ≤320 mg daily mor-
phine sulphate equivalent (MSE),31 ≤270 mg MSE
(≤135 mg oxycodone),21,22 ≤200 mg MSE
(≤100 mg oxycodone),23 ≤160 mg MSE,25,29

≤120 mg MSE,36 ≤40 mg MSE,32 or ≥60mg
MSE.34 In some trials, the selection phase was
used for conversion from current opioid use to
study opioids.19,23,26,31,34,36

In other trials, the screening phase was used to taper
opioids to ≤30 mg MSE;18 or to wash-out prohibited
analgesics.20,25,28,29,32

Most trials examining effect of opioids included both
opioid naive and opioid experienced patients.19–23,29,32,35,36

Six opioid trials examined only opioid naive
patients;17,25,28,33,38 three trials examined opioid experienced
patients.18,26,31 Three trials evaluating other active pharmaceu-
tical ingredients included experienced patients,37,39,40 three
trials naive patients27,30,43 and one trial both naive and experi-
enced patients.24

Selection Phase as Single-Blind
All 6 EERW trials defining the selection phase as single-
blind, used this phase for titrating the optimal
dose.24,27,30,37,39,41 Only one trial used this single-blind
phase to exclude placebo responders taking placebo in the
first week and experiencing ≥50% improvement in mean
weekly pain score (n=14, 3.7%).41 Two articles stated that

patients were permitted in this phase to titrate down to
a lower dose.37,39 Two articles stated that patients were
informed that they could receive both study medication
(pregabalin) and placebo during the course of the trial.27,39

Inclusion Criteria for the Double-Blind
Phase
Inclusion criteria for the double-blind phase varied consider-
ably, mainly based on maximal pain score or minimal pain
relief as measured with the NRS or VAS at the end of the
selection phase compared to baseline pain score. The
required pain reduction was measured from a one measure-
ment moment up to the mean of the last 7 days. As a criterion
for inclusion for the double-blind Phase 8 trials used ≤4 NRS
or ≥1 NRS pain relief,19,21,22,25,29,31,33,34 ≤45 VAS or ≥15
VAS pain relief,38 ≥2 NRS pain relief or ≥30% pain
relief17,18,20,23,24,26–28,30,32,36,37,41,43 or ≥50% pain
relief.39,40,42 One trial defined ≤1 on a scale from 0 to 3 for
several days as an inclusion criterion for the double-blind
phase.35 The stringency of enrichment was significantly
associated with the percentage of patients included in the
double-blind phase (42.0% in the most stringent category 4
versus 64.9% in the least stringent category 1, Kruskal–
Wallis P=0.036, meta-regression P<0.001).

Power Calculations of Trials with NRS or
VAS as Primary Endpoints
One trial used the 4-point NRS.35 Two out of the other 18
EERW chronic pain trials used the VAS as the primary
endpoint.33,34 Two out of the 19 EERW chronic pain trials
using the NRS or VAS did not reach statistical significance
between groups.22,24 Most of the trials calculated the number
of patients needed with a power of 90%; other trials used
80%,27,33 88%,20 and 99%.31 The mean effect size on the
NRS used in the power calculation of the 18 trials was 0.89
(SD: 0.47, range: 0.3 to 2). The mean standard deviation used
in the power calculation was 1.91 (SD: 0.77, range: 0.6 to 3.0).

Risk of Bias
Thirteen of the 28 included trials were of high quality (low risk
of bias), 11 trials of moderate quality (some concerns of bias)
and 4 trials of low quality (high risk of bias) (see Figure 3).
Details of evaluation are presented in Supplement 2.

Results of Individual Studies
In Table 3 the absolute and standardized effect sizes with
its confidence intervals of the included EERW trials are
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presented. The absolute effect sizes ranged from −0.21
[95% CI: not reported]41 to −2.31 [95% CI: −3.78 to
−0.83]41 on the NRS. The standardized effect size ranged
from −0.248 [95% CI: −0.594 to −0.097]36 to −0.694
[95% CI: −0.976 to −0.412].33

Treatment-Emergent Adverse Events in
the Double-Blind Phase
The percentage of patients experiencing treatment-emergent
adverse events (TEAE) in the active and placebo groups is
shown in Table 3. The mean percentage patients with TEAE
in the active and placebo groups are 57.3% (SD: 14.1) and
50.6% (SD: 10.2), respectively, with a difference between
groups of 6.7% (SD: 9.6). The difference in percentage
patients with TEAE between active and placebo groups in
trials with open label or single-blind selection phase is 7.0%
(SD: 10.5) or 5.7% (SD: 6.5%), respectively.

Synthesis of Results
Because the patients, interventions, duration of trials and
reported outcome measures varied markedly, we focused
on describing the studies and their results on qualitative
synthesis rather than meta-analysis.

MPR30 and MPR50 Calculations
To be able to compare trials with different endpoints, we
evaluated the MPR30 and MPR50 at the end of the dou-
ble-blind phase compared to the selection phase baseline
(see Table 3). Only 2 out of 8 trials having time to LTR as
primary endpoint reported the MPR30 and MPR50,37,39

compared to 14 out of 18 using the 11-point NRS or VAS
as primary endpoint. Out of these 14 trials 12 on the
MPR3017–20,23,25–27,29,31–33 and 8 on the
MPR5018,20,23,25,26,29,31,33 reached statistically significant
difference between active and placebo groups. Eleven
opioid trials with 3992 patients in the double-blind phase
entered the analysis.17–20,23,25,26,29,31–33 In total, the num-
ber of patients experiencing MPR30 and MPR50 in the
active arms was 1219 and 878 (43.7%) out of 2010
patients, respectively, and in the placebo arms was 791
and 580 (29.3%) out of 1982 patients, respectively. Of the
non-opioid trials, we entered 5 trials with 883 patients in
the double-blind phase into the analysis.24,27,37,39,43 One
trial did not report the MPR30.43 The MPR30 was reached
in the active and placebo arms in 375 out of 431 patients
and 327 out of 423 patients, respectively. The MPR50 was
experienced in 317 out of 446 patients (71.1%)

randomized in the active arm, and 248 out of 437 patients
(56.8%) randomized into the placebo arm.

Drop-Out Rates of Opioid EERW Trials
Nineteen trials with 9626 patients were entered into the
analysis. In total 3664 patients (38.1%) dropped-out in the
selection phase (mean: 36.8%, SD: 5.9), Most of these
drop-outs were due to adverse events (n=1419, 38.7%,
mean: 41.6%, SD: 12.4). The mean drop-out due to lack
of efficacy was 15.2% (SD: 9.7). The trial with highest
drop-out rate in the selection phase (47.4%) examined
oxycodone extended release.20 In the double-blind phase,
the mean drop-out rate due to adverse events was for the
active and placebo groups 8.4% (SD: 4.3) and 5.6% (SD:
2.6), respectively.

Drop-Out Rates of Non-Opioid EERW
Trials
We entered nine trials with 4036 patients into the analysis.
In total 2061 patients (51.1%), dropped-out in the selection
phase (mean: 49.6%, SD: 12.3, range: 29.7–72.3%). Most
of the drop-outs, extracted from 8 trials, were due to lack
of efficacy (mean: 27.1%, SD: 24.5).24,27,30,37,39,41–43 The
mean drop-out rate due to adverse events was 15.2% (SD:
11.0). The trial with highest drop-out rate in the selection
phase (72.3%) examined pregabalin controlled release in
fibromyalgia patients.39 In the double-blind phase, the
mean drop-out rate due to adverse events was for the
active and placebo groups 3.8% (SD: 5.0) and 3.3% (SD:
3.4), respectively.

Imputation Methods for Drop-Outs
Trials having time to LTR as a primary endpoint have no
issues with drop-outs. In the trials using NRS or VAS as
the primary endpoint, the way the drop-outs are handled
can influence the effect size. Many imputation techniques
used in EERW trials are presented hereunder.

Six trials handled missing data due to drop-outs in the
primary analysis with last observation carried forward
(LOCF) method.24,25,27,29,30,35 Two trials imputed drop-outs
due to adverse events with screening observation carried for-
ward (SOCF) and LOCF due to other reasons.23,28 Five trials
handled drop-outs due to adverse events with SOCF, opioid
withdrawal symptoms in placebo groupwith baseline observa-
tion carried forward (BOCF), and all other reasons with
LOCF.26,31–34 One trial using the latter imputation techniques
did not mention in which group patients should be when they
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discontinued due to opioid withdrawal symptoms,26 and one
trial added an extra imputation method: SOCF when drop-out
happened due to withdrawal symptoms in the active group.32

Two trials handled drop-outs as follows: SOCF due to adverse
events, BOCF due to opioid withdrawal symptoms, LOCF due
to lack of efficacy and multiple imputation approach due to
other reasons.17,18 One trial used SOCF for adverse events and
lack of efficacy drop-outs, BOCF for opioid withdrawal symp-
toms in the placebo group drop-outs and multiple imputation
techniques for all other drop-out reasons.19 Two trials used
multiple imputations for drop-outs,21,22 of which one imputed
drop-outs in the active arm due to adverse events based on
observed patient data in the placebo group.21 One article did
not mention an imputation method in the primary analysis.20

Time to LTR Characteristics and
Comparison with NRS
Time to LTR as Primary Endpoint
The primary endpoint time to LTR was in all 8 trials
a composite endpoint of at least 2 criterions (see
Table 2). Two out of 8 trials investigating the same drug
(pregabalin controlled release), used the same relatively

simple primary endpoint definition: <30% minimum pain
relief compared to selection phase baseline pain score
(<MPR30) or discontinuation due to adverse events or
lack of efficacy.37,39 Two other trials investigating fentanyl
patches had the same, though very complex primary end-
point definition (see Table 2, Arai 2015).38 Six out of 8
trials used <MPR30 as one of the primary endpoint
criterions.36,37,39–42 Four out of these 6 trials defined
<MPR30 more specifically: mean weekly pain score of
<MPR30 at visit week 2, 4, 8 or 12,40 <MPR30 at 2
consecutive visits (week 2, 6, 10, 14, 18, 22, or 26) of
which the first visit defined the time to LTR,42 <MPR30
(mean weekly pain score) and ≥1 on NRS,41 and <MPR30
or >3 on NRS for 3 consecutive days.36 Five out of 8 trials
used “discontinuation” as one of the primary endpoint
criterions without any specifications,41 or with specifica-
tions, eg, due to adverse events or lack of efficacy.37–39

Three out of 8 trials used as one of the primary endpoint
criterions worsening of pain requiring an alternative
treatment,40,42 or leading to dose increase, change or addi-
tion of analgesic, including rescue medication.36

Two out of 8 trials did not show statistical significance
on the primary endpoint,38,41 compared to 2 out of 18 trials

Figure 3 Risk of bias summary.
Abbreviations: L, chronic low back pain; LO, chronic low back pain and osteoarthritis; NP, neuropathic pain.
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Table 3 Effect Sizes and Treatment-Emergent Adverse Events in the Double-Blind Phase

Author, Year Absolute
Effect Sizea

95% CI Standardized
Effect Sizeb

95% CI MPR30
Act.

MPR30
Plac.

MPR50
Act.

MPR50
Plac.

NNT TEAE
Act.

TEAE
Plac.

Rauck,17 2016 −0.67 −1.07 to −0.26 −0.334 −0.526 to −0.141 63%* 47% 41% 33% 12.5 41.0% 43.5%

Gimbel,18 2016 −0.98 −1.32 to −0.64 −0.569 −0.750 to −0.389 64%* 31% 40%* 17% 4.4 49.2% 49.2%

Rauck,19 2015 −0.62 −1.11 to −0.01 −0.321 −0.557 to −0.086 58%* 44% 40% 30% 10.2 56.8% 56.0%

Katz,20 2015 −1.56 −2.10 to −1.10 −0.593 −0.796 to −0.390 49%* 33% 38%* 25% 7.2 64.8% 48.5%

Hale,21 2015 −0.63 −1.00 to −0.26 −0.320 −0.525 to −0.115 NR NR NR NR NC 49.1% 55.5%

Hale,22 2015 −0.36 NR NC NC NR NR NR NR NC 63.7% 61.9%

Wen,23 2015 −0.53 −0.88 to −0.18 NC NC 65%* 53% 48%* 39% 11.1 45.9% 35.3%

Raskin,24 2014§ NR NR NC NC 83% 79% 63% 55% 13.2 61.2% 64.6%

Vinik,25 2014 −0.95 −1.42 to −0.49 −0.456 −0.679 to −0.234 55%* 45% 40%* 29% 8.7 79.5% 61.2%

Rauck,26 2014 −0.48 NR −0.308 −0.535 to −0.081 68%* 31% 48%* 23% 4.1 60.0% 44.0%

Toth,27 2012§ −1.27 −2.29 to −0.25 NC NC 85%* 38% 31% 8% 4.3 53.8% 46.2%

Steiner,28 2011 −0.58 −1.02 to −0.14 NC NC 53% 46% 44% 36% 12.5 54.7% 55.1%

Schwartz,29 2011 −1.30 −1.70 to −0.92 −0.674 −0.878 to-0.469 54%* 42% 38%* 28% 9.8 70.9% 51.8%

Gilron,30 2011§ −0.78 −1.27 to −0.30 NC NC NR NR NR NR NC 71.4% 60.0%

Hale,31 2010 −1.40 NR NC NC 61%* 43% 42%* 24% 5.5 47.8% 54.5%

Katz,32 2010 −0.50 NR −0.250 −0.463 to −0.038 73%* 58% 57% 47% 10.8 53.2% 48.6%

Katz,33 2007 −1.69 −2.37 to −1.01 −0.694 −0.976 to −0.412 63%*3 34%c 58%*c 26%c 3.1 58.1% 44.0%

Hale,34 2007 −2.30 NR NC NC NR NR NR NR NC 44.3% 37.5%

Kawamata,36 2019 −0.40 NR −0.248 −0.594 to 0.097 NR NR NR NR NR 72.6% 54.4%

Huffman,37 2017§ −1.00 −1.34 to −0.65 NC NC 96%* 84% 88%* 69% 5.3 38.5% 30.7%

Arai,38 2015 −0.73 −1.35 to −0.11 −0.363 −0.686 to −0.041 NR NR NR NR NC 68.5% 46.8%

Arai,38 2015 −0.87 −1.50 to −0.024 −0.475 −0.786 to −0.163 NR NR NR NR NC 85.7% 70.9%

Arnold,39 2014§ −0.60 NR NC NC 68% 59% 47% 40% 14.1 79.4% 67.2%
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using the NRS or VAS as primary endpoint.22,24 One trial
failed to show significance on the primary endpoint time to
LTR, though showed a statistically significant difference
between the 2 groups measured with the VAS at the end of
the trial.38

Another trial having the LTR (thus not time to LTR) as
primary endpoint did not show statistically significant
difference between groups, though on the NRS as second-
ary endpoint there was a statistically significant difference
between groups.43

Time to LTR as Secondary Endpoint
Twelve out of 19 trials having the NRS or VAS as
primary endpoint reported time to LTR as secondary
endpoint.19–22,24,26,28,30–34 These trials used different
definitions for time to LTR (see Table 1). Three trials
reached a statistically significant difference on the NRS
or VAS, though did not show statistically significant
difference on the endpoint time to LTR.21,28,30 On the
other hand, 2 trials did not reach statistically significant
difference on the NRS as primary endpoint, though
reached statistically significant difference on time to
LTR.22,24

Risk of Bias Across Studies
Visual inspection of the funnel plot (see Figure 4) as well
as Egger’s test did not provide evidence for publication
bias (P=0.694).

Additional Analyses: Correlations
Between Absolute Effect Size and
Double-Blind Phase Characteristics
A total of 20 trials reporting the effect size as defined
above, along with data from which the standard error of
the effect size could be calculated, were analyzed using
meta-regression.17–21,23,25–30,32–34,36–38,43 No evidence was
observed for a relationship between the effect size and
either the stringency of enrichment (P=0.18) or the dura-
tion of the double-blind phase (P=0.96). However, lower
NRS scores at double-blind baseline seem to be associated
with larger absolute effect sizes (r=0.40, P=0.06, n=18)
due to missing baseline NRS data in 2 trials
(Figure 5).23,36

Discussion
This systematic review on chronic pain EERW trials eval-
uated trial characteristics, absolute effect sizes and corre-
lations between absolute effect sizes and 3 double-blindTa
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phase characteristics, ie, the stringency of inclusion cri-
teria, duration and pain intensity at double-blind baseline.
Furthermore, a qualitative comparison is made between
time to LTR and NRS.

Most of the trials (n=18) used the 11-point NRS or
VAS as primary endpoint. The definition for time to LTR
as primary endpoint varied between the trials considerably
(n=8), what makes comparison among trials on this end-
point impossible. Since only few EERW pain trials used
time to LTR as a primary endpoint, there was no basis for
the estimation of the standard deviation in the power
calculation to rely on. The NRS in contrast to time to
LTR is always defined the same way, which enables com-
parisons with trials having another design.

Regarding the definition of time to LTR most trials
defined time to LTR as <MPR30 compared to screening
baseline was one of the primary endpoint criterions.
However, <MPR30 had a wide range of timeframe defini-
tions, from reaching <MPR30 at the first timepoint to 2
consecutive visits with 1 month in between, the latter most
probably chosen due to daily pain intensity fluctuations in
many pain syndromes.48,49 To address these fluctuations,
we suggest for the definition time to LTR as one criterion
to use <MPR30 for 3 consecutive days counting the
first day as time to LTR.

Imputation Methods
The only complicating aspect using the NRS as the pri-
mary endpoint in EERW pain trials is how to treat drop-
outs. A potential risk of bias in favor of the active group is
present when using only the LOCF imputation method in
EERW pain trials with the NRS or VAS as primary end-
point. To minimize this potential risk, more conservative
methods are used such as SOCF for drop-outs due to
adverse events and BOCF in case of opioid withdrawal
symptoms in the opioid group. On the other hand, using
SOCF when drop-out due to lack of efficacy will inflate
the treatment effect, as observed in one trial.19 The many
imputation methods used in different EERW pain trials
make comparison difficult. Sensitivity analyses testing
the robustness of the outcome, may overcome bias due to
imputation.

Remarkable Trial Characteristics
Most of trials (n=19) evaluated opioids, most probably to
filter out the patients with too much TEAEs in the selec-
tion phase. Systematic reviews evaluating EERW and non-
EERW opioid trials revealed that non-EERW trials

reported more types and higher percentage of TEAEs
than EERW trials in the double-blind phase.45,47

All but one trial used the selection phase to titrate the
optimal dose. Six trials designed the selection phase in
a single-blind fashion, most probably not to unblind
patients in the double-blind phase due to the already
experienced TEAEs. Surprisingly, the percentage of
patients with TEAEs in the active and placebo groups
was comparable when stratifying on trials with single-
blind and open phase. Patients with TEAEs in the open
label phase would most probably continue to experience
TEAEs in the double-blind phase when randomized to the
active group. On the other hand, patients with TEAEs
randomized to the placebo group, might continue to
experience side effects in the double-blind phase due to
priming. Thus, the single-blind phase is most likely not

Figure 4 Funnel plot of effect sizes.
Abbreviation: REML, restricted maximum likelihood.

Figure 5 Relation between double-blind baseline NRS and absolute effect size.
Abbreviation: NRS, 11-point numerical rating scale.
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needed in the selection phase to reduce the risk of bias due
to deviations from intended interventions, though might be
used to exclude placebo responders in the double-blind
phase. Only 1 of the 6 trials with a single-blind selection
phase, filtered out placebo responders in the first week
(3.7%).41

MPR30 and MPR50
MPR50 and sometimes the MPR30 is used to calculate the
NNT. To our knowledge, no chronic pain trial has used the
MPR50 as primary endpoint. This might be due to some
controversy using a dichotomous outcome which could
result in diminished statistical power.50 Also, the broad
range in MPR50 difference between the active and placebo
groups, reflected in NNT (see Table 3) might be the reason
to use MPR50 only as a secondary endpoint. The NNT
should be interpreted cautiously due to distortions in cal-
culation as placebo effects approach treatment effects,
with the possibility of infinite values; difficulties in esti-
mating the NNT’s confidence interval; and difficulties in
interpretation.51 The NNT also requires selecting cutoffs of
the original variable for dichotomization, with the NNT
often changing depending on the cut-off value.51 Lastly,
the NNT calculated from the EERW pain trials is probably
too low compared to parallel trials, due to not including
the non-responders in the open phase.

Sample Sizes
An earlier systematic review reported in a post hoc analy-
sis of 8 EERW pain trials that the required sample size to
achieve 80% or 90% power for time to LTR was the same
or lower than the required sample size for the mean pain
intensity endpoint.2 However, no statistical comparison of
sample sizes between time to LTR and NRS was pre-
sented, and our analysis did not show any statistically
significant difference in mean sample sizes between trials
using time to LTR and NRS as primary endpoint.
Furthermore, the argument that time to LTR is relatively
immune to imputation problems compared to the NRS
could be overruled having a consensus on a conservative
imputation method.

Correlations Between Enrichment
Stringency, Double-Blind Baseline Score
and Absolute Effect Size
No direct relationship was found between stringency of
enrichment and the absolute effect size, which is likely

explained by the fact that stringency is difficult to quantify
when performing an analysis on a group of heterogenic
trials. One EERW neuropathic pain trial examined the
stringency of responders entering the double-blind phase,
stratifying responders in three groups: pain decrease of 1)
≥30%, 2) ≥10% to <30%, and 3) <10%.52 Although the
first group numerically had the highest sensitivity, the
combined first and second group excluded fewer patients
and achieved a balance between assay sensitivity and rate
of enrollment.52

We found an apparent relationship between low NRS
score at the double-blind baseline and the absolute effect
size (r=0.40, P=0.06), suggesting that lower NRS score
may be associated with larger absolute effect sizes. While
this observation failed to reach statistical significance at
the traditional 0.05 threshold, it is important to note that
the threshold is arbitrary. We share the view expressed by
the renowned statistician Altman that P-values just above
or under the threshold should lead to very similar conclu-
sions, not diametrically opposed ones.53 The statistical
power of our analysis is limited by the available number
of EERW pain trials. While the evidence for a relationship
is thus not particularly strong, it supports our hypothesis
that aiming at low NRS scores at the end of the enrichment
period may increase the likelihood of observing a larger
treatment effect. This observation is also plausible from
the theoretical perspective. Nonetheless, this hypothesis
needs to be confirmed with future EERW pain trials,
allowing to test for associations between study-level cov-
ariates and effect sizes with higher statistical power.

Numbers Needed to Treat
The presented NNTs in Table 3 are in daily practice
higher, than calculated from EERW pain trials, because
non-responders or most of the drop-outs due to unbearable
adverse events are already filtered out in the selection
phase. Nonetheless, NNT is a viable measurement to com-
pare EERW pain trials.

Risk of Bias Due to Deviations of the
Intended Interventions
In EERW trials, unblinding in the double-blind phase
might occur when TEAEs remain in the selection phase.
Unfortunately, none of the included trials have reported
the transience of the TEAEs. When patients still experien-
cing TEAEs when entering the double-blind phase, the
chance is there that they will be unblinded by
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disappearance when randomized in the placebo group. On
the other hand, due to priming, TEAEs might continue in
the placebo group. Our systematic review reveals that
there is little difference between the active and placebo
groups in the percentage of patients experiencing TEAEs.
Thus, the risk of bias due to deviations of the intended
interventions is low in the selected EERW pain trials.

Advantages and Disadvantages of EERW
Pain Trials
Advantages and disadvantages of EERW pain trials com-
pared with the common parallel design RCTs are discussed
in previous papers and are summarized hereunder.1,2,8,27,54

Advantages of EERW chronic pain designs are that 1) all
patients can try the active treatment which resembles more
clinical practice, 2) selection phase provides estimates of
analgesic response and adverse events for all patients, 3)
selection phase can be used for titration mimics clinical
practice, 4) minimization of patients receiving an ineffec-
tive of poorly tolerated treatment in the double-blind
phase, 5) greater ease in discerning pain increase than
pain reduction, 6) assay sensitivity of the double-blind
phase can be increased and 7) FDA acceptation for regis-
tration of drug treatments.

The only systematic review comparing 8 EERW pain
trials with 39 non-EERW pain trials examining opioids
did not find a statistically significant difference in effect
size,45 thus in assay sensitivity. However, the small
number of included EERW trials may have lacked suffi-
cient power to detect a statistically significant difference
in effect size.

Possible disadvantages of EERW chronic pain designs
are that 1) this design is prone to criticism on general-
izability of the double-blind data, 2) comparisons with
other trial designs are more complex, especially when
using time to LTR as primary endpoint. An EERW trial
could be used as a confirmatory trial, including patients
from prospective parallel placebo-controlled trials.

Limitations
Due to the limited number of EERW pain trials available,
the results of the quantitative analysis are only of explora-
tory nature. For quality assessment, we relied solely on
reported data and followed previous systematic review not
to contact authors to avoid “response” bias.46 This might
have underestimated the quality of the included trials.
Because limited number of trials reported the MPR50,

a full comparison between trials using the NRS and time
to LTR could not be made.

Conclusions and Recommendations
In EERW chronic pain trials many composite definitions
are used for time to LTR which makes comparison
between trials on this endpoint impossible. We recommend
to use the 11-point NRS as primary endpoint in EERW
chronic pain trials, using the following predefined conser-
vative imputation methods, based on theoretical considera-
tions, literature and our expert consensus.55

● Impute missing data due to adverse event drop-outs
with SOCF.17–19,23,26,28,31–34 This imputation method
will reduce the absolute effect size. Since most of the
adverse event drop-outs occur in the selection phase
and only a small percentage of adverse event drop-
outs occur in the double-blind phase, usually equally
divided between groups, this imputation method will
not have a big impact on the absolute effect size.

● Impute missing data due to withdrawal symptoms drop-
outs with BOCF.17–19,26,31–34 Withdrawal symptom
drop-outs are mainly expected in the placebo group of
opioid trials will reduce the absolute effect size. A taper
period sufficient in length in the double-blind phase for
the placebo group can prevent this drop-out.

● Impute missing data due to lack of efficacy drop-outs
or other reasons with LOCF.26,31–34 These types of
drop-outs are mainly expected in the placebo group,
experiencing a rise in the NRS. To correct for daily
fluctuations, impute these drop-outs with the mean
NRS of the last 3 consecutive days.

● Test with sensitivity analyses, so that drop-outs will
not inflate the absolute effect size.

We recommend to use time to LTR as a secondary endpoint
with a simple uniform definition to be able to compare trials.
The proposed definition of time to LTR is <MPR30 for 3
consecutive days counting the first day as time to LTR, or
discontinuation. Furthermore, we recommend to present
MPR30 and MPR50 so that the NNT can be calculated.
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