PhUSE 2016

Paper SPO1

Standard Methods for Analysis and Reporting of VAS or NRS Derived
Pain Relief Response Scores

James R. Johnson, Flexion Therapeutics, Inc., Cary, NC USA

ABSTRACT

The design of clinical trials to assess the Pain Relief (PR) properties of analgesic drugs often utilize subject reported
visual analog scales (VAS) or numerical rating scale (NRS) instruments to assess Pain Intensity (PI) over a defined
sampling interval. The decision to use VAS or NRS should consider the pain type (acute or chronic), temporal
aspects of reporting PI, study population, PK of the study medication, and clinically relevant differences from placebo.

Missing Pl data must be accounted for with imputation techniques such as Last Observation Carried Forward,
Baseline Observation Carried Forward, Worst Observation Carried Forward, or a Pl score obtained prior to
administration of rescue medication. Common efficacy endpoints derived from VAS or NRS are the PI Difference
(PID), Time weighted Sum PID (SPID), and Area under the PI curve (AUE). Analysis of these endpoints are
completed using linear mixed models for repeated measures (MMRM) or analysis of variance (ANOVA).

Methods for implementation of the VAS and NRS scales to address the predictive qualities for treatment
discrimination with these instruments and endpoints are presented. Methods for the implementation of MMRM and
ANOVA models as well a graphical display standards for PR data and endpoints are also proposed as standards for
pain data obtained using VAS or NRS.

INTRODUCTION

Pain is a subjective experience composed of two complementary features (i) a localized sensation afflicting a
particular part of the body, and (ii) an unpleasant quality of varying degrees of severity commonly that is associated
with behaviors or treatments directed at relieving or terminating the pain experience.l The degree to which a subject
experiences pain is highly variable and associated with the temporal and physical aspects of the source of the pain,
thus making any real objective assessment of pain very unreliable. Valid, reliable, and reproducible subjective patient
reported assessments of pain intensity are essential for both clinical trials and effective pain management
strategies.2'3 These patient reported Pl and PR assessments are the basis for determining the analgesic efficacy and
is the subject of regulatory guidance for the development and approval of drugs and biologics for analgesic
indications.>**°

Pain can be classified based on physiology (e.g. nociceptive, neuropathic, inflammatory), intensity (e.g. mild-
moderate-severe, 0-10 NRS), temporal characteristics (e.g. acute: <3 months duration, Chronic: >3 months duration),
type of tissue affected (e.g. skin, muscle, viscera, joints, tendons, bones), and syndrome (e.g. cancer, fibromyalgia,
osteoarthritis, migraine, others).2 Analgesic treatments for pain management take into consideration each of these
biological and temporal factors.

Clinical trials designed to test an analgesic treatments impact on pain relief (PR) will examine Pl related to specific
diseases and disease syndromes. Key design features for clinical trials that assess Pl and PR include selecting the
patient reported instrument for recording pain. Two main, validated, instruments are currently utilized in practice:
Numerical Rating Scale (NRS) or Visual Analog Scale (VAS). Efficacy endpoints derived from VAS or NRS are the PI
Difference (PID), Time weighted Sum PID (SPID), and Area under the PI curve (AUE). Analysis of these endpoints
are completed using linear mixed models for repeated measures (MMRM) or analysis of variance (ANOVA).

Clinical trials for analgesic interventions to provide symptomatic PR from either acute (e.g. soft tissue injury, dental
molar extractions, post-operative pain) or chronic (e.g. osteoarthritis, fibromyalgia) pain conditions have different
properties and often will have different Pl sampling schemas. Acute pain trials are typically conducted over a short
temporal period generally less than 3 months. Chronic pain trials are typically conducted over longer temporal
periods of 12 weeks or longer (some up to a year or longer). The rates of treatment discontinuation and lost to follow-
up are much greater in chronic pain trials compared to acute pain trials. The reasons for treatment discontinuation or
administration of rescue medication in analgesic trials are different between the treatment and the control groups,
especially placebo-controlled trials. Discontinuation in the placebo treatment groups have higher rates associated
from inadequate pain relief, whereas discontinuation in the experimental treatment groups have higher
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discontinuation rates associated with poor tolerability and adverse events. Clinical trial designs must account for the
missing PI data associated with discontinuation from treatments or lost to follow-up.

All of these features of clinical trials designed to assess PR for an analgesic are key features of the study design and
analysis planning. In follow on sections we present the instruments used to collect PI, and introduction to how missing
data are managed for analysis, methods for computing efficacy endpoints, models for the analysis of efficacy
endpoints, and a proposal for the standard presentation of Pl and PR data from analgesic clinical trials.

PAIN INTENSITY COLLECTION INSTRUMENTS

The choice of implementing a VAS or NRS instrument to discriminate PI in a clinical trial is not a trivial decision, as
the sensitivity and precision of each instrument must be considered for evaluating pain, and computing these
common efficacy endpoints. The decision to use VAS or NRS pain scales should consider the type of pain setting
(acute or chronic), temporal aspects of pain reporting (length of time and frequency), targeted disease study
population, pharmacokinetics of the medication under study, and the clinically relevant separation of treatments from
placebo or an active control. Another key consideration is the implementation of either NRS or VAS: In-clinic settings
allow for close supervision of instrument administration, ensuring proper data collection, whereas out-patient settings
provide little or no supervision with instrument administration. The VAS instrument is best administered in an in-clinic
setting, whereas the NRS instrument can be used in both settings effectively.

NUMERICAL PAIN INTENSITY SCALE (NRS)

The NRS is used to collect PI scores at each selected time interval and is defined on an 11 point scale 0 to 10, in
increments of 1, where 0 is No Pain and 10 is Worst Imaginable pain. Often times the NRS instrument is
implemented in clinical trials as presented in Figure 1, where a subject selects a single number that best describes
their current pain.

Figure 1 Numerical Rating Scale (NRS) Instrument
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VISUAL ANALOG PAIN SCALE (VAS)

The VAS instrument is used to collect Pl at each selected time interval and is defined on a sliding scale from 0 to 100
mm (3.94 in), where the left anchor at 0 mm is No Pain, and the 100 mm anchor is Worst Imaginable pain. Often
times the VAS is implemented in clinical trials as presented in Figure 2, where the subject selects a point on the scale
that best describes their current pain. The subject marks the scale and Pl is the measured distance from the No Pain
anchor (0) to the first point where the subject marks the scale. Scores range from 0 to 100 mm. Most measurements
are rounded to the nearest millimeter (mm).

Figure 2 Visual Analog Pain Intensity Scale (VAS)
Worst
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The specificity of the NRS and VAS instruments in a clinical trial is an important consideration when selecting which
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instrument to utilize in a trial. The majority of clinical trials will utilize a baseline assessment of Pl either as a single
assessment or assessments over a period of time to establish a baseline Pl score, with protocol qualifying
requirements with a minimum Pl intensity (e.g. NRS = 4 or VAS = 40 mm). The difference in baseline reporting of PI
with the NRS and VAS instruments, in the presence of a protocol mandated qualifying baseline score, can have
profound effects in detecting a difference between treatments, and is a point to consider in the design of an analgesic
clinical trial. Consider that VAS has a higher degree of measurement precision and lower correlation with the NRS
than the NRS instrument at pain levels associated with the middle of the NRS scale (i.e. NRS 3-7) (Figure 3).

Figure 3 Matched Baseline NRS and VAS scores from two studies with qualifying Pl of VAS = 40 mm
or NRS 2 4 (N=563)
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The choice of implementing the NRS or VAS must be carefully considered. The main advantages of the NRS are that
the instrument is simple, with a limited number of choices (0 to 10) and when anchored with “No Pain” and “Worst
Imaginable Pain” provide a reference from which to choose a Pl score at any given time point. The NRS can be used
effectively across all types of acute and chronic disorders. A disadvantage of the NRS may be that the level of
specificity of Pl is limited to a discrete 11-point scale, in studies where greater specificity in Pl scoring is required.
The VAS is also simple to implement and score (by measurement in mm), and provides many points from which to
choose on the 0-100 mm scale, which increases the level of precision and specificity in Pl reporting. A disadvantage
of the VAS is that a subject requires more concentration and coordination to respond to reporting Pl at a given time
point, which can be more difficult for post-operative pain studies or studies with neurological disorders.

MISSING PAIN INTENSITY DATA

The collection of PI data with the VAS or NRS instruments over a period will almost always result in the presence of
missing Pl scores at one or more time points over the sampling interval. The statistical management of missing data
is an important topic that is critical to the planned analyses of clinical trial data.”™ Methods for the imputation of
missing Pl data has been studied and a large number of methodological papers have discussed this topic.”"18
Missing Pl data offer several unique challenges to consider with respect to how the Pl data resulted in missing:
Consider (a) subjects who have an adverse event and drop from the study, (b) subjects do not record PI at one or
more time points, (c) subjects are lost to follow-up. How missing Pl data are handled for the specific reason PI data
are missing for the computation of efficacy endpoints must be fully specified in the SAP. The most common
imputation methods are Last Observation carried Forward (LOCF), Worst Observation Carried Forward (WOCF), and
Baseline Observation Carried Forward (BOCF). It should be noted that each of these imputation methods has their
own statistical analysis challenges with respect to biasing results."**? It is also worth noting that while LOCF analysis
is simple, and easy to implement, it's use is associated with the introduction of biased results and should probably be
avoided as a primary method for imputation of missing Pl data. By way of example consider an acute pain study
where the assessment of Pl is over an 8 hour sampling interval following single dose administration. How missing PI
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data may be implemented with each of these imputation strategies is presented in Table 1. The use of these three

implementation strategies is useful for sensitivity analysis.

Table 1 Implementation of LOCF, WOCF, and BOCF

;rr::?n? (BOL) 10 15 20 30 45 | 60 90 120 150 180 240 300 360 480
P]I- ég) 7 7 8 7 5 4 3 | Missing | Missing | Missing | Missing | Missing | Missing | Missing | Missing
LOCF 7 7 8 7 5 4 3 3 3 3 3 3 3 3 3
WOCF 7 7 8 7 5 4 3 8 8 8 8 8 8 8 8
BOCF 7 7 8 7 5 4 3 7 7 7 7 7 7 7 7

The impact that the implementation of LOCF, WOCF or BOCF on the computation of the efficacy endpoints can be
seen in the overall PI curve for a subject (Figure 4).

Figure 4 Individual Subject Pain Intensity Profile with LOCF, WOCF and BOCF
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ADJUSTMENT OF PAIN INTENSITY DATA FOR RESCUE MEDICATION USAGE

The design of clinical trials for analgesia most often will include the use of rescue medication when adequate PR is
not achieved by a subject in a trial, especially in placebo controlled trials. A common practice in these study designs
is that when rescue medication is requested by the subject prior to receiving the rescue medication a “pre-rescue Pl
score” is obtained. This score is then carried forward in the planned analyses, and the subject continues to record
their P1 over the rest of the sampling interval, or a pre-specified window of sampling time that is based on the
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pharmacokinetics of the rescue medication. Pre-rescue medication Pl scores are carried forward in the analysis
record. The impact of multiple uses of rescue medication and multiple pre-rescue medication Pl scores are included
in the analysis records (Table 2).

Table 2 Implementation of Rescue Medication Pl scores over a sampling interval.

0

Time (min) | (BL) 10 15 20 30 45 60 90 120 150 | 180 | 240 | 300 | 360 | 480
P1 (0-10) 7 7 8 7 7 8 3 6 6 1 1 1 1 1 1
Rescue

Time 50 130

Pre-
Rescue PI B U

Rescue

Adjusted 7 7 8 7 7 8 9 9 9 7 7 7 7 7 7

Pl

The impact that the implementation of Rescue medication adjusted Pl scores on the computation of the efficacy
endpoints can be seen in the overall Pl curve for a subject (Figure 5).

Figure 5 Individual Subject Pain Intensity Profile with Rescue Medication Pl Score Adjustment
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Each of these imputation methods for handling missing data can be adequately implemented in ADaM data sets with
an appropriate DTYPE variable identifier for the Pl values (AVAL) substituted for missing or rescue medication
implemented imputation. It should be noted that while we do not present the underlying CDISC Compliant ADaM
analysis data set specifications, the use of ADaM standard is assumed for analysis data.
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The imputation of missing PI data is not restricted to these methods. One technique, not presented herein, is
implementation of a multiple imputation technique where instead of substituting a single PI value for each missing
value a multiple imputation procedure replaces each missing value with a set of plausible values that represent the
uncertainty about the right value to impute.

EFFICACY ENDPOINTS

Three common efficacy endpoints are often derived for assessing PR and include the Pain Intensity Difference (PID),
Time weighted Sum pain Intensity Differences (SPID), and Sum Pain Intensity Differences Area Calculation (AUE).
Each of these derived endpoints is specific to analgesic assessment in either an acute or chronic pain setting.
Choosing which endpoint is most appropriate for the analgesic intervention is a function of defining a clinically
important difference to be observed from eith(%rzglacebo or active control, as well as the regulatory requirements for

the analgesic medication being investigated.s'

Calculation of the efficacy endpoints is on an individual subject profile over a defined sampling interval. The choice of
the time unit (e.g. minutes, hours, days, weeks) should be driven by the temporal aspects of the sampling regimen.
Typically time is expressed in minutes for acute pain settings where the sampling interval is less than 1 day (24
hours, 1440 minutes). Hours are used in the computations where multiple days are sampled, up to approximately
one month’s sampling duration. Days or weeks are assigned as the time unit for long term chronic pain assessments
generally exceeding one month’s duration. It is critically important to define the unit of time from which efficacy
endpoints will be computed in the protocol and statistical analysis plan. The equations for each endpoint are
presented as follows:

Pain Intensity Difference (PID): Two methods for computing a PID are based on the desire for expressing the
direction of the change from baseline, and expressed as follows:

€Y) PID; = Plygseiine — PI;  OF ) PID; = PI; — Plygseiine
Time Weighted Sum Pain Intensity Differences (SPID):
tiyn
(3) SPIDy_y,,, = Zti+ (PIDy) * (tip1 — t;)

Where t) = baseline (Pre-dose), t; is the scheduled assessment time, PIDg; is the pain intensity
difference score calculated at each post-baseline time point.

Sum Pain Intensity Differences Area Calculation (Area Under the Effect (AUE)):

(4) AUE,¢,,,, = Xe"((PID; + PIDy1.1)/2) * (ti41 — 1)

—titn

Where PID; = the pain intensity difference score at ti, and PID;1 = the pain intensity difference
score at ti;; from the adjacent time point.

The increment of time interval associated with the efficacy endpoints needs to be specified in the protocol and the
SAP and should be linked to the pharmacokinetics and expected duration of PR of the analgesic under investigation.
For instance SPID endpoints will be calculated over the sampling interval defined, and may also be computed for
partial-time intervals over the planned sampling interval that are linked to the maximum concentration (Cmax) from the
PK profile of the medication.

EFFICACY ENDPOINT EXAMPLE:

By way of example consider a post-operative dental pain clinical trial with two test analgesics (Treatments A and B)
and Placebo. Pl is assessed over an 8 hour sampling interval following single dose oral study medication
administration, where Pl is collected with the NRS instrument, and adjustment of Pl is implemented with rescue
medication PI scores (Figure 5). Derivation of efficacy endpoints are described for two sample subjects, and include
partial-time intervals are presented in Table 3. Note that in the example VAS Pl assessments can be used
interchangeably for all calculations.



Table 3 Efficacy Endpoint Computations

(a) Efficacy Endpoints without Rescue Medication Pl Score Adjustment (Subject 1)

PhUSE 2016

BL 10 15 20 30 45 1 1.5 2 2.5 3 4 5 6 8
Mins. Mins. Mins. Mins. Mins. Hr. Hrs. Hrs. Hrs. Hrs. Hrs. Hrs. Hrs. Hrs.
Time (minutes) 0 10 15 20 30 45 60 920 120 150 180 240 300 360 480
TD min (tis1 - ti) 10 5 5 10 15 15 30 30 30 30 60 60 60 120
Pain Intensity (0-10) 7 7 8 7 7 8 3 6 6 1 1 1 1 1 1
PID (t;-BL) 0 0 1 0 0 1 -4 -1 -1 -6 -6 -6 -6 -6 -6
PIDi*(tis1-ti) 0 5 0 0 15 -60 -30 -30 -180 -180 -360 -360 -360 -720
(PIDi+1+PIDj)/2 0 0.5 0.5 0 0.5 -1.5 -2.5 -1 -3.5 -6 -6 -6 -6 -6
. . *
L&TAD,+PID.+1)/Z] L 0.0 25 25 0.0 75 | 225 | -75.0 | -30.0 | -105.0 | -180.0 | -360.0 | -360.0 | -360.0 | -720.0
Efficacy Endpoint Value Efficacy Endpoint Value
Time Weighted SPIDo.-150 -460 AUE.180 -400
Time WEightEd SPIDo-360 -1540 AUE0.360 -1480
Time WEightEd SPIDg.480 -2260 AUE 9.480 -2200
(b) Efficacy Endpoints with Rescue Medication Pl Score Adjustment (Subject 1)
BL 10 15 20 30 45 1 1.5 2 2.5 3 4 5 6 8
Mins. Mins. Mins. Mins. Mins. Hr. Hrs. Hrs. Hrs. Hrs. Hrs. Hrs. Hrs. Hrs.
Time (minutes) 0 10 15 20 30 45 60 920 120 150 180 240 300 360 480
TD min (tis1 - t;) 10 5 5 10 15 15 30 30 30 30 60 60 60 120
Rescue Adjusted
Pain Intensity (0-10)" 7 7 8 7 7 8 9 9 9 7 7 7 7 7 7
PID (t;-BL) 0 0 1 0 0 1 2 2 2 0 0 0 0 0
PIDi*(ti+1-ti) 0 5 0 0 15 30 60 60 0 0 0 0 0
(PIDi+1+PID;)/2 0 0.5 0.5 0 0.5 1.5 2 2 1 0 0 0 0 0
E;TAD&PIDM)IZ]*TD 0.0 25 2.5 0.0 7.5 22.5 60.0 60.0 30.0 0.0 0.0 0.0 0.0 0.0
Efficacy Endpoint Value Efficacy Endpoint Value
Time WEightEd SPIDo.180 170 AUE.180 185
Time Weighted SPIDo-360 170 AUE0.360 185
Time Weighted SPIDg.450 170 AUE 0.480 185

L Subject requests Rescue Medication at 50 minutes post treatment with NRS=9 and again at 130 minutes post treatment with NRS=7.
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(a) Efficacy Endpoints without Rescue Medication Pl Score Adjustment (Subject 2)
BL 10 15 20 30 45 1 1.5 2 2.5 3 4 5 6 8
Mins. Mins. Mins. Mins. Mins. Hr. Hrs. Hrs. Hrs. Hrs. Hrs. Hrs. Hrs. Hrs.
Time (minutes) 0 10 15 20 30 45 60 90 120 150 180 240 300 360 480
TD min (ti1 - ti) 10 5 5 10 15 15 30 30 30 30 60 60 60 120
Pain Intensity (0-10) 9 9 7 6 5 2 2 2 1 1 1 3 4 4 4
PID (ti-BL) 0 0 -2 -3 -4 -7 -7 -7 -8 -8 -8 -6 -5 -5 -5
PIDi*(ti+1-ti) 0 -10 -15 -40 -105 -105 -210 -240 -240 -240 -360 -300 -300 -600
(PIDi+1+PID;)/2 0 -1 -2.5 -3.5 -5.5 -7 -7 7.5 -8 -8 -7 5.5 -5 -5
[(PID;+PIDi+1)/2]*TD
min 0.0 -5.0 -12.5 -35.0 -82.5 -105.0 -210.0 -225.0 -240.0 -240.0 -420.0 | -330.0 -300.0 -600.0
Efficacy Endpoint Value Efficacy Endpoint Value
Time Weighted SPIDog.180 -1205 AUE.180 -1155
Time Weighted SPIDg-360 -2165 AUE 0360 -2205
Time WEightEd SPIDg.480 -2765 AUE 9.480 -2805
(b) Efficacy Endpoints with Rescue Medication Pl Score Adjustment (Subject 2)
BL 10 15 20 30 45 1 1.5 2 2.5 3 4 5 6 8
Mins. Mins. Mins. Mins. Mins. Hr. Hrs. Hrs. Hrs. Hrs. Hrs. Hrs. Hrs. Hrs.
Time (minutes) 0 10 15 20 30 45 60 920 120 150 180 240 300 360 480
TD min (ti1 - ti) 10 5 5 10 15 15 30 30 30 30 60 60 60 120
Rescue Adjusted
Pain Intensity (0_10)1 9 9 7 6 5 2 2 2 1 1 1 3 5 5 5
PID (ti-BL) 0 0 -2 -3 -4 -7 -7 -7 -8 -8 -8 -6 -4 -4 -4
PIDi*(ti+1-ti) -10 -15 -40 -105 -105 -210 -240 -240 -240 -360 -240 -240 -480
(PIDi+1+PID;)/2 -1 -2.5 -3.5 -5.5 -7 -7 -7.5 -8 -8 -7 -5 -4 -4
[(PID;+PIDi+1)/2]*TD
min 0.0 -5.0 -12.5 -35.0 -82.5 -105.0 | -210.0 | -225.0 | -240.0 | -240.0 | -420.0 | -300.0 | -240.0 | -480.0
Efficacy Endpoint Value Efficacy Endpoint Value
Time WEightEd SPIDo.180 -1205 AUE.180 -1155
Time Weighted SPIDg.360 -2045 AUE0.360 -2115
Time Weighted SPIDg.4s0 -2525 AUE0.480 -2595

L Subject requests Rescue Medication at 260 minutes post treatment with NRS=5.
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PAIN INTENSITY DIFFERENCE (PID) ENDPOINT

The efficacy endpoint PID is computed for each time interval sampled, and adjustment for rescue medication Pl score
is included for the primary computation. PID (change from baseline) information is analyzed using a longitudinal
mixed model for repeated measures (MMRM) with fixed effects for treatment, time, treatment-by-time interaction,
study site and baseline pain score. Subject will be the random effect. Treatment differences from control (Placebo)
are estimated from the least squares means from the analysis model along with 95% confidence intervals and
associated 2-sided p-values. Typically PID data are completed on observed cases (no imputation for missing data)
as the primary analysis and then on the same imputation methods applied for the calculation of the SPID and AUE
endpoints. In studies where the adjustment of Pl information is applied in the presence of rescue medication then a
second analysis often times completed is on the PI data without rescue medication adjustment for observed cases.

The basic model for the analysis of the PID change information implemented with SAS® Software® PROC MIXED is
as follows:

proc mixed data=<ADNRS> method=reml;
where avisit) = “baseline” and paramcd="PIDRA”’;
class usubjid trtOlp avisitn;
model chg = base trtOlp avisitn trtOlp*avisitn / DDFM=KR;
repeated avisitn / type = un subject=usubjid;
Ismeans trtOlp / diff=control ("Placebo™) cl;
Ismeans trtOlp*avisitn / pdiff cl;
ods output Ismeans = Ismeans
diffs = diffs
Tests3 = test;
run;
quit;

Descriptive summaries of PID at the individual time points, along with the model output for test of differences in the
Least Square Means (LSM) are proposed as the standard display, along with a graphical representation of the LSM
change from baseline. (See Table 4)

GRAPHICAL DISPLAY OF PID

As shown in equations (1) and (2) PID is computed for each time interval sampled, and the direction can be either
positive or negative. It is recommended that if the intent is PR (Pain Relief) is the reduction in Pl then the PID values
are negative for reduction. It is acknowledged that some sponsors prefer to display PID as a positive number and
complete the analysis with this direction. In either case the computation of PID needs to be declared in both the
protocol and the SAP. A recommend standard for the display of PID change over time is presented as an example for
our case study in Figure 6.

In addition to the LSM derived PID display over the sampling interval standard displays for the individual subject PI
scores with all associated imputation or rescue medication adjusted Pl scores overlaid on By Subject plots, as
presented in Figure 4 and Figure 5.

' The analyses completed for this paper were generated using SAS® software. Copyright 2015, SAS Institute Inc.
SAS and all other SAS Institute Inc. product or service names are registered trademarks or trademarks of SAS
Institute Inc., Cary, NC, USA.
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Figure 6 Standard Display of Pain Intensity Difference
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TIME WEIGHTED SUM PAIN INTENSITY DIFFERENCES (SPID) AND AREA UNDER THE EFFECT (AUE) ENDPOINTS

The efficacy endpoints that are derived in Table 3 (Efficacy Endpoints) are computed over the entire time interval that
are sampled. SPID and AUE information are analyzed using a linear model (ANOVA) with fixed effects for treatment,
and baseline pain score. Treatment differences from control (Placebo) are estimated from the least squares means
from the analysis model along with 95% confidence intervals and associated 2-sided p-values. The basic ANOVA
model implemented with SAS Software for the analysis of these endpoints is as follows:

proc mixed data=<ADEFF>;

where paramcd = “<endpoint code>;
class trt0Olp;
model aval = trtOlp base / ddfm=kr;
Ismeans trtOlp / pdiff cl;
estimate “Treatment A v Placebo” trtOlp -1 0 1 / cl alpha=0.05;
estimate “Treatment B v Placebo” trtOlp 0 -1 1 / cl alpha=0.05;
ods output Ismeans = Ismeans

diffs = diffs

Tests3 = test

Estimates = est;

run;
quit;

In these analyses it is recommended that the primary analysis be completed on the endpoint with the appropriate
imputation method for missing PI data for the calculation. It is also recommended that the sensitivity analyses be
completed and displayed in the same manner. The protocol and the SAP must fully specify the imputation methods
to be applied for missing data or rescue adjusted Pl data. In our example analyses would have been displayed for the
endpoints computed with and without rescue medication Pl score adjustment in Table 3 (SPID0-180, SPID0-360,
SPID0-360, etc.).
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Table 4 Standard Table Display for Pain Intensity Difference (PID) from Baseline with comparisons to Placebo

Treatment A Treatment B Placebo
(N=xxx) (N=xxx) (N=xxx)
Change from Change from Change from
Time Point / Statistic Observed Baseline Observed Baseline Observed Baseline
Baseline
n XXX XXX XXX
Mean (SD) XXX.X (XX.XX) XXX.X (XX.XX) XXX.X (XX.XX)
Median XXX.X XXX.X XXX.X
Min, Max XXX, XXX XXX, XXX XXX, XXX
<Time Point> XXX XXX XXX XXX XXX XXX
n XXX.X (XX.XX) XXX.X (XX.XX) XXX.X (XX.XX) XXX.X (XX.XX) XXX.X (XX.XX) XXX.X (XX.XX)
Mean (SD) XXX.X XXX.X XXX. X XXX. X XXX.X XXX.X
Min, Max XXX, XXX XXX, XXX XXX, XXX XXX, XXX XXX.X XXX, XXX XXX, XXX XXX.X
LSM (SE) XXX.X (XX.XX) (XX.Xx) (XX.xx)
95% CI XXX.X, XXX.X XXX.X, XXX.X XXX.X, XXX.X
LSM Difference from Placebo XX. XX XX. XX
95% CI XX. XX, XX. XX XX. XX, XX. XX
p-value, 2-sided 0.XXXX 0.XXXX

Note: LSM (SE), mean difference from placebo, Cl and p-values from mixed model, modeling Pain Intensity Difference from baseline with fixed effects of
Treatment, time point, treatment by time interaction, and model covariates of baseline Pl score and <covariates>

<Other Footnotes>

Programming Note:

e Display one time point per page for clarity of analysis

e Additional descriptive statistics may include %CV or Interquartile ranges if needed. Insert on separate lines
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Table 5 Standard Table Display for Sum Pain Intensity Difference (SPID) and Area Under the Effect endpoints with comparisons to Placebo
Treatment A Treatment B Placebo
Endpoint / Statistic (N=xxx) (N=xxx) (N=xxx)
<Endpoint> XXX XXX XXX
n XXX.X (XX.XX) XXX.X (XX.XX) XXX.X (XX.XX)
Mean (SD) XXX. X XXX.X XXX.X
Min, Max XXX, XXX XXX, XXX XXX, XXX
LSM (SE) XXX.X (XX.XX) XXX.X (XX.XX) XXX.X (XX.XX)
95% Cl XXX.X, XXX.X XXX.X, XXX.X XXX.X, XXX.X
LSM Difference from Placebo XX.XX XX.XX
95% ClI XX XX, XX.XX XX XX, XX.XX
p-value, 2-sided 0.XXXX 0.XXXX

Note: LSM (SE), mean difference from placebo, Cl and p-values from linear model (ANOVA), modeling <Efficacy Endpoint> Difference from baseline with
fixed effects of Treatment, and model covariates of baseline PI score and <covariates>

<Other Footnotes>
Programming Note:

o Display efficacy endpoint per page for clarity of analysis
e Additional descriptive statistics may include %CV or Interquartile ranges if needed. Insert on separate lines.
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CONCLUSION AND RECOMMENDATION

The purpose of this paper is to provide a first proposal on the analysis and reporting (displaying, summarizing, and
analysis) of Pain Intensity information collected using either an NRS or VAS instrument. The development of
analgesic drugs to provide PR will often utilize one of these two instruments to collect serial pain intensity data over a
defined period of time (acute or chronic). The methods for handling missing Pl data has been the topic of many peer
reviewed articles and appropriate methods are defined in the literature. Imputation methods for missing Pl data, as
well as implementation for use of rescue medication adjusted Pl scores must be accounted for in the computation of
efficacy endpoints in the protocol and SAP. Efficacy endpoints of PID, SIPD, and AUE are well characterized and
accepted endpoints both in the literature and by regulatory authorities for evaluation of the analgesic benefits of
investigational medications. Clear descriptions of the primary efficacy endpoint (PID, SPID or AUE), along with the
primary analysis model, and sensitivity analyses for the endpoint must also be defined in the protocol and SAP.

We have presented a first proposal for a standardized analysis approach and display of Pain Intensity data collected
with NRS or VAS instruments. In this paper we have not provided detailed programming code other than the models
to be implemented with SAS® Software using PROC MIXED. It is recommended that standard programming code
(e.0. SAS® Software or R) be developed utilizing standardized SDTM and ADaM data architecture to provide
standardized input to the statistical models and made publically available in the PhUSE CSS Standard Scripts

Repository.

Ideally further development (possibly as a PhUSE CSS sponsored White Paper) on the development of standard
Tables, Figures, and Listings (TLF) and associated analysis approaches would enhance standardization of the
collection and reporting of pain intensity information and pain related efficacy endpoints through standard data
architecture with SDTM and ADaM models for regulatory compliant submissions. Another standards development
recommendation would be to ensure that information on the PhUSE Wiki for the Pain Therapeutic Areas is
comprehensive and updated with the latest most relevant information on standards for pain endpoint development in
clinical trials (PhUSE Wiki: Pain).

In this paper we have only touched on some of the endpoints available when implementing the NRS or VAS for the
collection of PI data. Other endpoints such as TOTPAR (Total Pain Relief) using a five-point categorical PR scale (0-
None, 1=Slight, 2=Moderate, 3=Good, and 4=Complete) have similar properties and should also be included in the
analysis of PR data in standard recommendations. Other disease specific Pl or PR instruments (e.g. WOMAC A for
OA pain or the McGill Pain Questionnaire) are tools that have well published standard approaches for the analysis of
data from these instruments. These disease specific instruments would also benefit from a standards
recommendation for SDTM and ADaM dataset architecture for regulatory compliant submissions, as well as statistical
model TLF recommended standards. Other derived endpoints such as Time to Onset of PR and PR responder
analyses would also benefit from published standard approaches.
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