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Abstract

Minimum clinically important differences (MCIDs) in acute pain intensity have not been well
established. Conventional approaches for estimating MCIDs require an independent reference
scale, with a threshold that must be presumed to accurately classify meaningful change in

pain for all study participants, to serve as an anchor. The double stopwatch technique is the

gold standard for measuring the time to meaningful relief, where participants actively press the
second stopwatch when they experience pain relief that is meaningful to them. This technique
eliminates the problem of misclassification with arbitrary anchors at a single time point, but the
censored nature of the data is not amenable for determining MCIDs using standard methods. We
propose a stopwatch-based MCID methodology that employs the double stopwatch technique to
identify individualized thresholds for meaningful change in pain. This approach enables direct
classification of changes in pain for each participant based on whether they perceived the change
as meaningful and whether it exceeded the study cut-off being tested. Pain values of participants
who do not achieve meaningful relief are incorporated into the analysis to address censoring and
avoid bias. The performance (e.g., sensitivity, specificity) of different thresholds to serve as an
MCID can be estimated using standard approaches with variance estimates derived by cluster
bootstrapping. The advantages of the stopwatch-based MCID methodology are illustrated relative
to a conventional approach using data from a randomized trial in third molar extraction.

Perspective: This article describes a methodology for determining MCIDs using the double
stopwatch technique, the gold standard for assessing meaningful changes in acute pain. This
methodology can be used to establish MCIDs in different acute pain settings, providing a useful
basis to evaluate the meaningfulness of clinical trial results.
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Introduction

Randomized trials of pain therapeutics are generally designed to compare the efficacy of
different treatments on an average measure of pain intensity. Interpreting trial results can
be challenging since treatment effects that are statistically significant are not necessarily
clinically meaningful. Furthermore, average differences in pain intensity between groups
may not accurately characterize efficacy when outcomes are not normally distributed,

as is often the case with analgesics, where patients tend to experience either substantial
improvement or little to none.!

Patient-centric efficacy measures, such as those based on a responder status, enhance

the validity and interpretability of clinical trial results.? Responder-based endpoints for
subjective outcomes like pain intensity are usually defined by achieving the minimum
clinically important difference (MCID), the smallest level of effect that an individual would
identify as important. MCIDs are usually determined with anchor-based methods where the
optimal cut-point for the outcome measure is identified by maximizing its classification
performance on a reference measure, ideally a gold standard, using receiver operating
characteristic (ROC) curve analysis.

While MCIDs in chronic pain have been well established for more than two decades,3
definitive thresholds for acute pain have remained elusive?# because determining an MCID
on a relevant time scale is more challenging for acute pain. The meaningfulness of
improvement in chronic pain can be assessed by participants rating their global impression
of change at a single time point, considering their pain experience over the past several days.
In acute settings, however, pain intensity and the meaningfulness of its change can evolve
rapidly over the course of hours or even minutes. Despite the dynamic nature of acute pain
and the high inter-patient variability in the onset and magnitude of response to analgesics,
prior studies have evaluated as few as one or two time points to estimate MCIDs.5:6

The double stopwatch technique is the gold standard for determining the time to meaningful
acute pain relief.’ Participants indicate when they experience perceptible and meaningful
pain relief with two stopwatches. The US Food and Drug Administration (FDA) has used
results from the second stopwatch for meaningful pain relief to determine the onset of
analgesia for drug labeling.® Despite the potential advantages of defining meaningfulness at
the individual level with a deliberate action, the double stopwatch technique has never been
used to determine MCIDs in acute pain intensity.

The failure to leverage this gold standard to identify MCIDs in acute pain may be due to

the limitations of existing methodologies. Conventional approaches to identifying cut-points
require binary classification of each individual’s status on the reference measure and the
corresponding test measurement recorded at the same time. MCIDs are identified based

on their performance classification at a given time point using sensitivity and specificity
metrics. With the double stopwatch approach, however, meaningful relief can occur at any
time point after baseline. Thus, as a time-to-event endpoint with right censoring, double
stopwatch data are not directly amenable to binary classification.
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Here, we propose a novel approach for estimating MCIDs in acute pain intensity using a
stopwatch-based technique. First, the double stopwatch data are used to identify participant-
specific thresholds of meaningful pain relief. Then, these personalized thresholds are used
to classify each value of change in pain informed by the stopwatch data for each participant
as meaningful or not. These values provide the data necessary to use ROC curve analysis

to evaluate the full range of potential cut-offs in the study population to identify an optimal
cut-point as the MCID. After introducing technical details, we illustrate the conventional
and stopwatch-based approaches to determining MCIDs using patient-level data from a
randomized trial in third molar extraction.?

Data Source for Example Trial

The example trial used in this paper to illustrate the double stopwatch technique and the
stopwatch-based method for determining MCIDs was previously submitted to the FDA and
the results have been previously published.® The example trial was a randomized, double-
blind, placebo-controlled trial of 5 doses of intravenous diclofenac and an active comparator
of ketorolac 30 mg for third-molar extraction. The median age of the 353 patients in the
study was 22 years (range 18 to 42), 62% were female, and 52% reported severe pain (VAS
> 70) at baseline. The University of Pennsylvania Institutional Review Board approved the
re-analyses of historical trial data submitted to the FDA.

Conventional Approach to Identifying MCIDs for Pain Measures

The conventional approach for identifying an MCID in acute pain entails assessing the
change in pain intensity relative to a reference “anchor” measure collected concurrently.
Pain intensity is often measured on the NRS (0-10) or the visual analog scale (VAS, 0-100),
where 0 represents ‘o pain’and the maximum value represents ‘worst possible pain’. A
common choice as an acute pain anchor measure has been the Pain Relief Scale, where

the current level of pain relief is rated as ‘none’, “a little’, ‘some’, ‘a lot’, or ‘complete’.
Participants who respond ‘a /ot’or ‘complete’ are categorized as meaningfully improved
based on the face validity, while others are categorized as not meaningfully improved.
Participants who drop out of the study or take rescue pain medication before the MCID
assessment are typically excluded from the analysis.

Each individual can then be classified as belonging to one cell of a 2x2 table as a true
positive, true negative, false positive, or false negative based upon their response according
to the anchor and their change in pain intensity relative to the cut-off being evaluated. The
MCID is identified using a ROC curve analysis,10-11 which evaluates a full range of different
potential cut-offs to identify the optimal threshold for change in pain intensity that balances
sensitivity and specificity according to a prespecified criterion. One popular approach is
Youden’s index, 12 which maximizes the sum of sensitivity and specificity assuming that
each is of equal importance. Alternate weighting schemes could be used depending on the
relative importance of false positives and false negatives.13
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Stopwatch-Based Approach to Identifying MCIDs

Double Stopwatch Technique

With the double stopwatch technique, both stopwatches are started when the study drug

is first administered. Participants are instructed to stop their first stopwatch when they
experience any perceptible pain relief and their second stopwatch when they experience pain
relief that is meaningful to them.”- If a participant decides to withdraw from the study or
take a rescue pain medication, they are recorded as having not achieved the corresponding
degree of (perceptible or meaningful) pain relief at that time. Due to the right censoring that
may occur due to rescue medication or dropout, the time to perceptible pain relief and time
to meaningful pain relief are evaluated using the Kaplan-Meier method.

Figure 1A illustrates the Kaplan-Meier analysis of time to meaningful pain relief in the
example dental extraction trial by treatment arm. As previously reported in the primary
trial publication,® all active treatments showed a faster time to meaningful pain relief than
placebo. The lowest IV diclofenac dose showed a slower median time to meaningful pain
relief than the other active treatments.

Individualized Thresholds for Meaningful Change in Pain Intensity

The double stopwatch technique was designed to determine the times to perceptible pain
relief and meaningful pain relief. Our proposed methodology for determining MCIDs takes
advantage of the fact that, for any participant i, their change in pain intensity from the

time study drug is first administered (i.e., baseline) to the time of meaningful relief (M)
can also be captured. This change may be measured directly if the participant records their
pain intensity at the time they stop the second stopwatch or calculated by interpolation
between scheduled pain intensity assessments. Some study participants may not experience
a sufficient reduction in pain intensity with their assigned study drug to achieve meaningful
relief prior to taking rescue medication, dropping out, or completing the study. Therefore,
the distribution of M will be censored in most study populations.

While not necessary for determining an MCID, summarizing the shape and spread of this
distribution can be helpful for understanding participant-level variability. This can also be
accomplished using the Kaplan-Meier method, where the onset of meaningful relief is the
event, and the change in pain intensity at the onset of meaningful relief is used instead

of time. Those who do not achieve meaningful relief are censored at their most favorable
change in pain intensity during the observation period between baseline and the time of first
rescue medication, drop out, or study completion.

Figure 1B illustrates the Kaplan-Meier analysis of change in pain intensity to meaningful
relief for the example trial by treatment arm and overall. Unlike the analysis of time

to meaningful relief (Figure 1A), there are no differences between the treatment arms

in the change in pain intensity required to achieve meaningful relief. This observation
aligns with the understanding that the magnitude of improvement perceived as meaningful
within a given context (e.g., a dental extraction procedure) is an intrinsic individual-level
characteristic independent of the assigned treatment. Differences between treatment arms
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may be present in the proportions of participants achieving meaningful relief and in the
timing of that relief depending on the characteristics of each study drug. However, because
treatment assignment is randomized, the distributions of changes perceived as meaningful
would be expected to be similar across arms. Therefore, the stopwatch-based approach can
derive an MCID by analyzing the overall study population, without regard to treatment
assignment.

Binary Classification of Changes in Pain Intensity

The availability of participant-specific thresholds for meaningful change in pain intensity
(1)) allows for binary classification at the level of individual change scores. To describe
how to adapt and utilize these thresholds for analysis, first, let C represent the cut-off being
considered as a potential MCID for change in pain intensity. Ultimately, in the ROC curve
analysis, the full range of potential values for C will be considered. For each participant

i, let A,; denote the change from baseline in pain intensity score for the ;™ pain intensity
value, where j indexes the range of unit-level changes in the pain intensity scale informed
by the double stopwatch data for each participant. (Note that increasingly negative values of
A indicate greater reductions in pain intensity.) For a participant i who achieved meaningful
pain relief, relevant changes in pain (A,;) would range from the inverse of the baseline value
up to 0. That is, for someone with a baseline value of 70 on the VVAS upon first perceptible
pain relief who subsequently achieved meaningful relief, the range of A,; would be from -70
to 0. For a participant i who did not achieve meaningful pain relief prior to taking rescue
medication, dropping out, or completing the study, A,, would range from the most favorable
change observed prior to censoring up to 0.

Recall that M, is directly observed only for participants who stop the second stopwatch. The
exact value of M, cannot be directly identified for censored individuals, but it is known that
M, < min(A,), across all j.

Using the previous notation, Table 1 describes the calculations for computing each cell of a
2x2 table for binary classification at a given cut-off point with the stopwatch-based MCID
method. Note that 7() is an indicator function that takes on the value 1 if the conditions are
true and O if they are false. Therefore, each cell in the table represents the total number of
changes in pain intensity that meet the classification criterion based on each participant's
individualized threshold for meaningful relief, summed across all participants.

For participants who achieve meaningful relief based on the double stopwatch, values of
change in pain intensity that meet both the individualized threshold for meaningful pain
relief and the cut-off (C) being tested are classified as true positives. Changes in pain
intensity that do not meet either the individualized threshold or the cut-off are classified as
true negatives. Changes in pain that meet the cut-off but not the individualized threshold are
classified as false positives, while changes in pain that meet the individualized threshold for
meaningful relief but not the cut-off are classified as false negatives.

For participants who do not achieve meaningful pain relief, the changes in pain intensity
informed by the double stopwatch data can only be classified as true negatives or false
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positives, depending on whether the change value is above or below the cut-off being
considered.

Three case examples of how double stopwatch data are used to perform binary classification
with this methodology are provided in Figures 2A, 2B, and 2C. Figures 2A and 2B show
how data from one participant would be classified with different values of the cut-off, and
Figure 2C shows how data from a censored participant would be classified.

All illustrations in this paper depict absolute changes in pain, though classification using
percentage changes would follow a similar approach. For a participant i who achieved
meaningful pain relief, A,; would index all percentage point changes from —100% up to
0%. For a participant i who did not achieve meaningful pain relief prior to taking rescue
medication, dropping out, or completing the study, A,; would range from the most favorable
percentage point change observed prior to censoring to up 0%.

Determining MCIDs and Assessing Classification Performance

To determine an MCID, 2x2 tables are created for all possible cut-offs from no change (i.e.,
0) up to the maximum possible value of change for the measure (i.e., =100 for the VAS or
-10 for the NRS). The sensitivity and specificity for each cut-off are calculated and plotted
as an ROC curve. The MCID can then be determined along with the area under the ROC
curve using the ROC curve analysis.

Unlike a standard ROC analysis, where each participant is represented once in the dataset
and each observation is assumed to be independent, the stopwatch-based method includes
multiple observations (i.e., change scores) per participant. Therefore, standard confidence
intervals (Cls) for performance characteristics such as sensitivity and specificity will be
incorrect due to the dependence of observations within the same individuals. To address
this issue, we employ a cluster bootstrapping procedure to estimate Cls that account for
intra-individual correlation. In a standard bootstrap, individual observations from the dataset
are randomly sampled with replacement to create a bootstrapped sample of the same size
as the original sample. The statistic of interest is calculated for the bootstrap sample, and
this process is repeated over many iterations to derive the sampling distribution for the
statistic across many bootstrap samples.14 Cluster bootstrapping extends this procedure to
correlated data by randomly sampling at the cluster (i.e., participant) level, including all
their observations in each bootstrap sample to preserve the within-individual dependence
structure. A 95% percentile bootstrap Cl is generated by identifying the interval between
the 2.5t and 97.5! percentiles of the distribution of the bootstrapped statistic.15 An
example illustration of the methodology with simulated data using R is provided in the
Supplementary file.

Data Application

We compared the stopwatch-based method to the conventional method for determining
MCIDs. For the conventional method, a response of “a /of or *complete’ on the Pain Relief
Scale at 60 minutes was used as the anchor for categorizing meaningful improvement.
Performance was evaluated at 10-point intervals for change in VAS (from -10 to -50) for
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both methods, and the optimal cut-point for each approach was identified using Youden’s
index. Confidence intervals for performance characteristics were generated using the 1000
bootstrap samples for the conventional method and 1000 clustered bootstrap samples for the
stopwatch-based method.

The conventional method excluded data from 94 participants (27%) due to the utilization

of rescue medication, dropout before the 60-minute assessment, or missing data. At 60
minutes, 139 of the 259 evaluable participants (54%) had meaningful relief according to the
Pain Relief Scale. The optimal cut-off using Youden’s index with the conventional method
was -37 on the VAS (Table 2), with an estimated sensitivity of 0.93 (95% CI: 0.88-0.97) and
specificity of 0.82 (95% ClI: 0.76-0.89).

The stopwatch-based method evaluated data from all 353 participants with no exclusions.
Using this technique, 244 participants (69%) achieved meaningful pain relief prior to
taking rescue medication, dropping out, or completing the study. The optimal cut-off using
Youden’s index for the stopwatch-based method was -34, with an estimated sensitivity of
0.83 (95% CI: 0.81-0.85) and specificity of 0.77 (0.76-0.79).

For each cut-off, the conventional method consistently estimated higher sensitivities,
specificities, and accuracies than the stopwatch-based method (Table 2). At face value,

this could mistakenly be interpreted as favoring the superiority of the conventional method.
However, these higher performance statistics were based on an anchor that is not a gold
standard (i.e., pain relief of ‘a lot” or ‘complete’ at 60 minutes). Since the double stopwatch
directly measures individual thresholds of meaningful pain relief for each individual (i.e.,
the gold standard), any deviations in performance characteristics from the stopwatch-based
method are actually a manifestation of bias from the conventional approach. The bias of
the conventional method may be attributable to three sources. First, the artificial selection
of responses that constitute a meaningful improvement on the Pain Relief Scale introduces
outcome misclassification since they must be presumed to define meaningfulness accurately
for all individuals. Second, restricting assessment to only a single time point leads to
measurement error since it ignores the potential for meaningful changes in pain both before
and after the assessment. Finally, excluding participants who used rescue medication or
dropped out before the evaluation could induce selection bias by restricting the analysis to
those more likely to have had a favorable treatment response.

The more extensive utilization of study data also led to greater statistical efficiency with
the stopwatch-based method, which had more precise 95% Cls. The conventional method
classified change in VAS at 60 minutes as meaningful or not for the 259 subjects with
observed data at that time. The stopwatch-based method for determining MCIDs classified
all values of change in pain that were informed by the double stopwatch data, which
ultimately resulted in 21,519 values among the 353 participants.

Discussion

We have introduced a methodology that allows us to use the double stopwatch technique
for determining MCIDs in acute pain clinical trials. By directly identifying individualized
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thresholds of meaningful pain relief with the participant-driven, time-independent,
action-oriented gold-standard technique, the stopwatch-based method reduces outcome
misclassification relative to conventional anchor-based approaches for determining MCIDs.
It also increases the precision of estimates since all possible values of change in pain for

an individual can be accurately classified and analyzed instead of just a single value at one
time point. The methodology also avoids bias associated with missing data and censoring
since all relevant pain score values prior to rescue medication or dropout are considered in
all participants whether they achieve meaningful relief or not.

The present paper provides an illustrative example of how to determine an MCID using data
from a single dental extraction trial.2 While the trial had an appreciable sample size and
provided precise estimates of sensitivity and specificity, establishing a definitive MCID for
a particular surgical setting would likely require the synthesis of multiple trials to ensure
generalizability. The results within any single trial could be influenced by study-specific
effects of the study population, drugs evaluated, or experimental procedures. Thus, MCIDs
based on our method would be more robust if results were based on data from multiple
clinical trials.

In this paper, we have focused on the second stopwatch corresponding to meaningful pain
relief given its preferential use by the FDA to characterize the onset of analgesia in drug
labeling. However, other stopwatch-related metrics could also be considered, including
the onset of perceptible pain relief from the first stopwatch or the confirmed time to
perceptible relief, which considers first stopwatch times only if the second stopwatch is
pressed, indicating that meaningful relief was ultimately achieved. The stopwatch-based
method could be applied to those metrics, as well, with M, as previously described being
replaced by the pain intensity score recorded at the respective stopwatch time of interest.

A particular strength of the stopwatch-based methodology for determining MCIDs is that

it defines the anchor by a deliberate patient action, rather than a passive response to an
external questionnaire. To our knowledge, the only other patient-determined indicators of
clinical importance in acute pain are found in studies of breakthrough cancer pain, where the
patient’s decision to take or forgo an additional dose of rescue medication served as a proxy
for adequate pain relief.16:17 While this anchor is also based on a patient action and provides
valuable insight into the perceived magnitude of analgesic efficacy, it is unclear whether the
threshold of change in pain intensity for opting out of additional rescue medication would
consistently align with the degree of improvement that a patient might consider subjectively
meaningful. The choice to take an additional dose of rescue medication may be influenced
by factors beyond the perceived adequacy of change in pain response, such as a desire to
avoid side effects or additional medication use. The stopwatch-based approach, by contrast,
directly captures the moment a patient perceives relief that meets their personal standard for
meaningful change, providing a patient-centered anchor for assessing clinical significance
without potential external interference.

While our approach was developed for acute pain intensity, it can be readily adapted to
generate MCIDs for any outcome measure assessed repeatedly over time where participants
are able to report a meaningful change in their condition in real time. Similar to the use of
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stopwatches in acute pain trials, the onset of meaningful change in any symptom or disease
state could be captured from the patient's perspective using electronic diaries, mobile apps,
or wearable devices. When the patient reports a meaningful improvement or worsening, they
could be prompted to complete the patient-reported outcome (PRO) measure of interest.
Alternatively, if the PRO is already ascertained at sufficiently regular intervals, the value

of the PRO at meaningful change could be interpolated. Thus, thresholds derived using

this methodology could be used to develop more patient-centric endpoints for clinical trials
across a wide range of clinical conditions.

Several limitations of this study should be acknowledged. First, we have only compared

the performance characteristics of our method relative to the conventional approach to
estimating MCIDs using a single anchor for one study. Further research is needed to
understand how the conventional and stopwatch-based approaches to determining MCIDs
correspond across a wider range of datasets. Second, the double stopwatch technique has
generally only been employed in studies for regulatory approval, so it may not be possible
to leverage many previously completed studies to estimate MCIDs with this approach.
Third, the administration of the double stopwatch technique and the corresponding analyses
have not been standardized. Future application of the double stopwatch technique should
be consistently applied across studies to enable comparison of MCIDs across acute

pain phenotypes. Finally, while pain assessments are taken frequently after baseline, the
stopwatch-based method for determining MCIDs may be subject to some measurement error
due to the need to interpolate pain intensity scores between scheduled assessments. This
measurement error could be reduced if pain intensity scores were taken at each stopwatch
press, similar to how protocols currently mandate pain intensity scores be taken before each
dose of rescue medication.

In summary, the method outlined in this study enables the determination of MCIDs in
acute pain using the gold-standard approach with the double stopwatch technique. This
methodology holds promise for addressing the long-standing lack of established MCIDs in
acute pain settings.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1.
Kaplan-Meier curves based on double stopwatch data from the example trial. (A) Time to

meaningful pain relief by treatment arm. (B) Change from baseline in VVAS pain intensity to
meaningful pain relief by treatment arm and overall. Baseline is defined as the time study
drug is first administered.
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A Example Calculation for Participant 1 at Cut-Off of -40
Pain st Baseline
2% Stopwatch Pain
Relevant Pain No : : : : P”m;"
Pain ossible
Intensity Scores ° 45 75 100 P
Changes from = oo — L o
Baseline Informed = 2 Sy e s
by Stopwatch (4) -75 -40 -30
c M
Meaningful Pain Relief (M, = -30)
Yes (8,5 M) No (4> M)
True Positives (TP) False Positives (FP)
Values Contributed Mot o o
by Participant 1 to cutott 59 Z.,,"" < min(~40,-30)) = 36 Z_"I(—So <85 -40)=0
Table for C = -40 (Cmd0)  otMet False Negatives (FN) True Negatives (Ti
(8,>¢) z". 1(~40 < 8, < ~30) = 10 Ze_ 1(8, > max(~40,~30)) = 30
B Example Calculation for Participant 1 at Cut-Off of -20
Pain at Baseline
2% Stopwatch Pain
Pain N 1 1 . p‘,y.‘,:g
Pain I T T 1 Possible
Intensity Scores 0 45 75 100 7o
Changes from ro
Baseline Informed True Postives Aaatons True Negatives Not Relevant
by Stopwatch (4) -75 -30 -20
M, c
Moaningful Pain Rolief (M, = -30)
Yes (8,5 M) No (8,> M)
Mot True Positives (TP) F: itives (FP)
Values Contributed o
by Participant 1 to cutotr 5O z_” 1(4; < min(~20,~30)) = 46 Zu:(-:o< 4 <-20)=10
Table for C = -20 (€=-20)  imot| False Negatives (FN) True Negatives (TN)
- °
8,>c) 2‘ = (20 <4 < -30)= 0 2' = 1(8; > max(~20,~-30)) = 20
c Example Calculation for Participant 2 at Cut-Off of -20
Rescue Baseline
Medication Pain
Relevant Pain o ! : : 4 or
Intensity Scores 0 45 80 100 "
s 0w from o T
by Stopwatch (4,) -80 <35 -20 0
M, c
Meaningful Pain Relief (M, < -35)
Yos (8,5 M) No (8,> M)
True Positives (TP) False Positives (FP)
Values Contributed Mot |l ) = - N
by Participant 2 to cutonr 50 > 1, < min(-20.-36) 0 > LJC36°<8 220016
Table for C =-20 (CR0) o tiiat False Negatives (FN) True Negatives (TN)

@
a,>¢) 2‘ LC0<y<-36)=0

2‘.0 1(8; > max(-20,-36")) = 20
5

Figure 2.

Example calculations for the stopwatch-based method for individual participants. (A)
Participant 1 had a baseline VAS of 75 and achieved meaningful relief at a follow-up VAS
of 45 (M, = 45 - 75 = —30) and is being evaluated at a cut-off (C) of —40. (B) Participant 1
is being evaluated at a cut-off (C) of —20. (C) Participant 2 had a baseline VAS of 80 and
took rescue at a VAS of 45 without achieving meaningful relief (M, < 80 —45 = —35) and is
being evaluated at a study cut-off (C) of —20. * For this censored case (M, < — 35), a value
of =36 is used for illustration, though any value less than the pain score at censoring would
yield the same result. Baseline is defined as the time study drug is first administered.
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Table 1.
Calculations of true positives, false positives, true negatives, and false negatives in a 2x2 Table for a cut-off

using the stopwatch-based method

M eaningful Pain Relief by the Double Stopwatch M ethod
Yes(A; < M) No (A, > M)
Met (A; < C) TP = Z,Z,I(A,,Smin(C,M,)) FP= Z[ZjI(M,»<A,»j§C)

Cut-off
NotMetA,>C | FN =Y, Y, I(C<A,<M) |TN=Y, Y, I(A,>max(C, M)

Abbreviations: FN, false negative; FP, false positive; MCID, minimum clinically important difference; TN, true negative; TP, true positive.

NOTE. c refers to the cut-off being considered as an MCID for change from baseline in pain intensity. A;; refers to the change from baseline in
pain intensity score for participant i at pain intensity score j, where j indexes the range of unit-level changes in the pain intensity scale informed by
the double stopwatch data for participant M, refers to the change in pain intensity from baseline at the time of meaningful relief for participant i.
Baseline is defined as the time study drug is first administered.

J Pain. Author manuscript; available in PMC 2026 May 01.



1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuen Joyiny

Miller and Farrar

Table 2.

Page 15

Sensitivity, specificity, and accuracy (95% bootstrap ClI) using the conventional method and stopwatch-based

method for determining the MCID in the example trial

VAS Cut-off

Sensitivity (95% CI*)

Specificity (95% CI*)

Accuracy (95% CI *)

Conventional Method using Pain Relief Scale at 60 min (N=259)

-10

0.99 (0.98-1.00

0.49 (0.40-0.58)

0.76 (0.71-0.81)

-20

0.98 (0.96-1.00

0.61 (0.52-0.69)

0.81 (0.76-0.86)

-30

0.73 (0.65-0.80)

0.85 (0.80-0.89)

-40

0.88 (0.83-0.93

0.85 (0.78-0.91)

0.87 (0.83-0.91)

-50

)
)
0.96 (0.92-0.99)
)
)

0.74 (0.68-0.82

0.95 (0.91-0.98)

0.84 (0.80-0.88)

Optimal 7 (-37)

0.93 (0.88-0.97)

0.82 (0.76-0.89)

0.88 (0.84-0.92)

Stopwatch-Based M ethod (N=352)

-10

0.99 (0.99-1.00)

0.35 (0.33-0.36)

0.59 (0.57-0.61)

-20

0.96 (0.95-0.97)

0.55 (0.53-0.57)

0.70 (0.69-0.72)

-30

0.88 (0.86-0.89)

0.72 (0.70-0.74)

0.78 (0.76-0.79)

-40

0.74 (0.72-0.76)

0.84 (0.83-0.86)

0.80 (0.79-0.82)

-50

0.53 (0.51-0.56)

0.92 (0.91-0.94)

0.78 (0.76-0.79)

optimal 7 (-34)

0.83 (0.81-0.85)

0.77 (0.76-0.79)

0.80 (0.78-0.81)

Abbreviations: Cl, confidence interval; MCID, minimum clinically important difference.

*
Confidence intervals represent the 2.5t and 97.5th percentiles of 1000 bootstrap replicates for the conventional method and 1000 clustered
bootstrap replicates for the stopwatch-based method.

fOptimaI cut-off based on Youden’s index.
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