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Abstract

 

The purpose of this study was to validate the changes in acute pain measurement scales that are 
most strongly associated with a patient-determined indicator of clinical importance. Measures of 
pain intensity and pain relief are commonly used outcomes in therapeutic clinical trials. Recent 
studies of the properties of acute pain measures have provided data defining the cut-off points 
that are best associated with clinically important differences. Validation of these findings in 
another clinical trial data set is important. Data were obtained from the titration phase of a 
recently conducted randomized controlled clinical trial of oral transmucosal fentanyl citrate 
(OTFC), which compared OTFC to immediate release morphine sulfate (MSIR) for the treatment 
of cancer-related acute breakthrough pain. Changes in pain intensity and pain relief were 
recorded every 15 minutes for 60 minutes and global medication performance recorded at the end 
of each study pain episode. At any titration step, if the patient felt that the first dose of the study 
medication did not provide adequate relief within 30 minutes, an additional rescue medication 
could be taken. To find the level of each pain scale best associated with this measure of the 
adequacy of pain relief, the calculated sensitivity, specificity, and accuracy for different cut-off 
points of the measured pain scales were compared to whether or not the patient needed rescue 
medication. The overall ability of the pain measures to discriminate episodes for which a rescue 
was not needed was calculated using area under the receiver operating characteristics (ROC) 
curves. Data were analyzed from 134 OTFC-naive patients who collected data on 1307 episodes 
of breakthrough pain. Using the criteria of a balanced sensitivity and specificity, the best cut-off 

 

points were determined to be: 33% for the percent pain intensity difference; 

 

�

 

2 for the raw pain 
intensity difference on a 0–10 numeric rating scale; 

 

�

 

2 (i.e., moderate or better) for pain relief; 

 

�

 

33% for the percent maximum total pain relief; and 

 

�

 

2 (good or better) for global medication 
performance. ROC area under the curve ranged from 0.839 to 0.862 for each of the pain 
measures listed above, calculated at 60 minutes. These data indicate that the pain scale cut-off 
points that are best associated with a patient-derived measure of a clinically important difference 
closely approximate those found in an earlier study. ROC analysis provided evidence that the 
overall pain measures were strongly associated with not requiring an “additional dose of rescue 
medication.” Thus, the cut-off points determined for these pain scales provide a good surrogate 
measure of a patient-determined clinically important response. This provides support for the 
usefulness of these values in future clinical trials of pain therapy.
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Introduction

 

There is no objective measurement for the
experience of pain. The measurements of this
inherently subjective symptom rely primarily on
the verbal reports of patients.

 

1

 

 No matter how
numeric the values provided by the measure-
ment instrument appear to be, those values re-
corded for each patient represent a subjective
interpretation of the pain experience and the
patient’s assignment of value to the measure-
ment scale. Given the wide variation in the pain
experience among individuals, there is a large
variability in the reported pain ratings across in-
dividuals, despite seemingly similar stimuli or
interventions.

 

2

 

 In addition, specific values on
pain measurement scales are often interpreted
differently by researchers, clinicians, and pa-
tients, depending on the criteria they choose to
apply. To better understand the way in which
patients use these scales to report their pain, a
previous report argued for data-driven cut-off
points to help clarify the appropriate interpreta-
tion of clinical trial data.

 

3

 

In considering the treatment of acute pain, a
reason for a patient’s request for additional
rescue medication may have several compo-
nents. These include consideration of whether
or not the treatment provides meaningful pain
relief in a pharmacokinetically appropriate
time frame, whether the relief is adequate to
permit increased levels of function, and how
long the relief lasts. For this study, we were pri-
marily interested in the first characteristic,
namely, the amount of reduction in pain inten-
sity achieved by a rapid onset pain medication
at the time of its peak dose effect. In acute pain
studies where the therapy being evaluated has
a rapid onset of action, the patient can decide
whether the pain relief is adequate or whether
they want to take an additional dose of rescue
medicine. Although the need for additional
rescue medication is a measure of the clinical
importance of the pain relief obtained by the
patient, it is not regularly measured. A recently

published study examined the relationship be-
tween levels of change on pain measurement
scales and the need to additional rescue medi-
cation. Cut-off points were derived as surrogate
measures for a clinically important improve-
ment in pain.

 

3

 

 A new database has become
available which has permitted us to repeat the
analysis to see if the cut-off point values previ-
ously determined could be confirmed.

 

Methods

 

Study Design

 

To determine the clinically important cut-off
points, data were obtained from a randomized,
blinded, double–dummy-controlled clinical
trial of breakthrough cancer pain comparing a
drug delivery system for oral transmucosal fen-
tanyl citrate (OTFC; ACTIQ™) to oral immedi-
ate-release morphine sulfate (MSIR).

 

4

 

 All 134
outpatients enrolled had chronic cancer-re-
lated pain controlled with long-acting opioid
medications and recurrent episodes of acute
breakthrough pain that were adequately
treated with MSIR rescue. The current study
used the data from the open-label titration
stage (Phase I). During this phase all patients
started at the lowest available dosage strength
of 200 

 

�

 

g per OTFC unit. The pharmacoki-
netic blood levels of OTFC are known to peak
in less than 30 minutes.

 

5,6

 

 If acceptable pain re-
lief was not achieved 30 minutes after starting
the initial OTFC dose, a second dose of the
OTFC or a dose of the patient’s original inter-
mittent opioid drug could be taken as an “ad-
ditional rescue.” The dosage strength of the
OTFC unit dose was increased (maximum:
1600 

 

�

 

g per unit) until a single dose was found
that controlled more than 75% of the patient’s
target breakthrough pain episodes, namely,
not requiring an additional dose of rescue
medication for that episode. Thus, for most pa-
tients, some of the Phase I episodes were not
satisfactorily treated (i.e., did require an addi-
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tional dose of rescue medication) and others
were satisfactorily treated (i.e., did not require
an additional dose of rescue medication).

 

Data Collected

 

Data on pain intensity and pain relief were
collected every 15 minutes for one hour during
the titration phase. A global medication per-
formance rating was obtained at the end of 60
minutes, or at the time a patient took an addi-
tional dose of rescue medication, whichever
came first. Data from all time points were avail-
able, but for the primary sensitivity/specificity
analysis we focused on the values at 30 minutes
because this was the time point after which
95% of those patients who went on to take an
additional dose of rescue medication had done
so. The changes over time for the standard pain
measures were evaluated, including raw differ-
ence in pain intensity (PID; 0–10 numeric rat-
ing scale [NRS]), percentage difference in
pain intensity (%PID; 0–100% of the NRS),
pain relief (PR; 0 [none], 1 [slight], 2 [moder-
ate], 3 [lots], 4 [complete]), sum of the abso-
lute difference pain intensity (SPID; sum of
4 PID measurements over 60 minutes divided
by 4), percent of the maximum total pain relief
(%Max TOTPAR over 60 minutes), and global
medication performance (GMP; 0 [poor], 1 [fair],
2 [good], 3 [very good], 4 [excellent]). If pa-
tients did not complete the full 60 minutes
(i.e., took an additional dose of rescue medica-
tion), the last pain observation was carried for-
ward and summed for the hour to calculate
the SPID and %Max TOTPAR. In addition, for
the area under the curve analysis (see Results) the
comparison of areas is made at both 30 min-
utes and 60 minutes using the same mecha-
nism for censored data.

 

Analysis

 

The analyses described in our previously
published report

 

3

 

 were applied to the current
data set of Phase I patients, so that we could
compare the results. All patients with complete
data from one or more episodes of break-
through cancer pain were included. The pri-
mary analysis determined the degree to which
each pain scale accounted for the measured
outcome of the “need for additional dose of
rescue medication.” The pain measures re-
corded for the satisfactorily treated episodes
(i.e., no extra rescue taken) were compared to

 

the unsatisfactorily treated ones (i.e., extra res-
cue taken). Functionally, a 2 

 

�

 

 2 table was con-
structed using each possible cut-off point value
for that scale to determine the sensitivity, spec-
ificity, and accuracy. Sensitivity was defined as
the proportion of episodes for which the pa-
tient did not need additional rescue in which
the change in pain score equaled or exceeded
the cut-off point. Similarly, specificity was de-
fined as the proportion of episodes for which
the patients needed additional rescue in which
the change in pain score failed to exceed the
cut-off point. Accuracy was defined as the over-
all number of concordant observations over
the total number of episodes.

Receiver operator characteristic (ROC) curves
are derived by plotting the sensitivity against
1-specificity. In practice, the ROC curves were
derived using logistic regression analyses.

 

7,8

 

Episodes of breakthrough pain treated with
OTFC were the unit of analysis, which was ad-
justed using a method that takes multiple ob-
servations per patient into account when esti-
mating variables.
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 For each analysis, the use of
an additional dose of rescue medication served
as the outcome variable. The covariates were
various forms of the change in pain intensity
(raw change, percent change, sum of the raw
pain intensity difference), pain relief (raw pain
relief, total of the pain relief by hour, and per-
cent maximum total pain relief), or the global
medication performance.

Our criterion for the best cut-off point was
to find the value with a good overall accuracy
coupled with the best balance of sensitivity and
specificity. This is identical to finding the tan-
gent point to a 45

 

�

 

 line on the receiver opera-
tor characteristic (ROC) curve, which assumes
an equal importance to sensitivity and specific-
ity. That is, given similar levels of accuracy, we
would prefer a measure with a reasonable
value for both sensitivity and specificity, so as
not to over- or underestimate the efficacy. The
area under the ROC curve, reported as the
c-statistic from the logistic regression model,
represented the total overall agreement be-
tween the various measures being evaluated
and the use of rescue medication.

 

Results

 

In the titration phase of this trial, 134 pa-
tients recorded data on a total of 1307 episodes
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of cancer-related breakthrough pain, of which
281 episodes were treated with an additional
dose of rescue medication. The demographic
data for this clinical trial have been previously
described.

 

4

 

The sensitivity, specificity, and accuracy for
the pain measures being evaluated varied sys-
tematically over a wide range of cut-off points
when compared to 

 

not

 

 needing an “additional
rescue medication” (Table 1). The data point
values that came closest to a point represented
by the 45

 

�

 

 tangent to the ROC curve are
bolded, that is, where sensitivity and specificity
are given equal weight and the accuracy re-
mains high. For example, note that there is ac-
ceptable accuracy for the %PID cut-off points
between 10% and 40%, but a cut-off point of

 

�

 

33% provided the highest accuracy associ-
ated with an approximately balanced sensitivity
and specificity. Using the same method, the
best cut-off points for other scales are essen-
tially identical to those found in the previous
study,

 

3

 

 namely: 33% or above for the %Max
TOTPAR; 2 (moderate) or better for pain re-

lief; 2 or better for absolute pain intensity dif-
ference; 2 or better for the SPID/hour; and 2
(good) or better for the GMP. Data for other
values are also provided in Table 1, for readers
who may want to consider different cut-off
points with different characteristics.

The ROC area under the curve (AUC) analy-
sis demonstrated a high level of discrimination
between not needing an “additional dose of
rescue medication” as an outcome, and %PID,
raw PID, and pain relief at 30 minutes (range:
77–80%) and an even better discrimination
(range: 83.9–86.2%) with all the measures at
60 minutes (see Table 2). The summary scores
for the %Max TOTPAR and GMP were only
available for the 60-minute time point. There is
no statistically significant difference among the
measured ROC-AUC within each time point.

 

Discussion

 

This analysis of a new data set has deter-
mined findings that are highly consistent with
our prior study.

 

3

 

 Specifically, our findings in

 

Table 1

 

Sensitivity, Specificity, and Accuracy of Various Pain Measures Over a Range of Cut-Off Points Compared with the 
Use of an Additional Dose of Rescue Medication at 30 Minutes

 

a

 

�

 

10%

 

�

 

15%

 

�

 

25%

 

�

 

33%

 

�

 

40%

 

�

 

50%

 

�

 

60%

 

�

 

75%

% PID
Sensitivity (%) 95.3 89.3 80.4

 

70.6

 

61.6 52.6% 39.6 22.7
Specificity (%) 31.7 44.1 54.8

 

67.3

 

74.4 82.2% 94.0 97.5
Accuracy (%) 81.5 79.5 74.8

 

69.8

 

64.4 59.0% 51.4 38.8
% Max TOTPAR

Sensitivity (%) 97.2 96.0 78.9

 

75.3

 

66.9 42.3 34.3 9.2
Specificity (%) 29.6 32.4 67.3

 

77.8

 

85.5 94.4 95.1 99.4
Accuracy (%) 78.6 78.4 75.7

 

76.0

 

72.0 56.7 54.6 34.0

 

�

 

1

 

�

 

2

 

�

 

3

 

�

 

4

 

�

 

5

 

�

 

6

PID (raw change)
Sensitivity (%) 95.2

 

77.4

 

57.7 40.2 23.5 18.5
Specificity (%) 31.0

 

60.1

 

79.7 93.6 97.9 99.8
Accuracy (%) 81.3

 

73.7

 

62.5 51.8 39.5 14.6
SPID (Sum of PID/hr)

Sensitivity (%) 92.7

 

71.8

 

48.6 33.8 19.6 10.6
Specificity (%) 36.1

 

64.2

 

83.1 91.7 96.6 98.9
Accuracy (%) 76.4

 

69.6

 

58.5 50.5 41.8 36.0
Pain Relief

Sensitivity (%) 95.7

 

71.7

 

35.5 8.5
Specificity (%) 28.7

 

77.1

 

97.5 100.00
 Accuracy (%) 80.9

 

72.9

 

47.1 28.6
Global Medication

Sensitivity (%) 89.4

 

71.6

 

42.2 14.3
Specificity (%) 53.3

 

87.2

 

97.9 99.7
Accuracy (%) 81.7

 

74.9

 

54.1 32.5

 

a

 

Using all available data on breakthrough pain episodes in titration Phase 1 (134 patients, 1307 episodes of which 281 required an additional dose
of rescue medication).
PID 

 

�

 

 pain intensity difference; %PID 

 

�

 

 percent pain intensity difference (i.e., 100 

 

�

 

 PID/Baseline pain); SPID 

 

�

 

 sum of the pain intensity differ-
ence per hour; %MAX TOTPAR 

 

�

 

 percent maximum total pain relief.
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this second data set confirm the cut-off points
of 33% or greater change in %PID or %Max
TOTPAR, or a moderate or better rating for
pain relief (PR score of 

 

�

 

2), or global medica-
tion performance (GMP score of 

 

�

 

2) are best
associated with not needing an “additional
dose of rescue medication.”

In considering clinical trials of pain therapy,
especially phase III efficacy trials, benefit should
be demonstrated not only to a level the re-
searcher thinks is appropriate, but also to a level
important to the patients who would use the
treatment, as well as the clinicians who are treat-
ing those patients. In an acute pain setting, the
action of a patient not taking an additional
treatment can be considered an easily measured
and clinically appropriate indicator of the pa-
tient’s perception of an effective initial therapy.
However, direct measurement of this variable is
possible only in situations where the onset of ac-
tion of the medication is rapid enough for the
subject to notice an improvement in a short pe-
riod of time. In other situations, different mech-
anisms of action and longer times to onset of ac-
tion make the measurement of the need for
additional rescue therapy more difficult. In
such situations, our data show that cut-off points
described above in the change in pain intensity,
pain relief, and global medication performance
can serve as surrogate measures.

This analysis was possible because of a com-
bination of features of the disease process and
pain treatment. The study design of the OTFC
clinical trial has several features that are impor-
tant to consider. First, the study medication,
fentanyl, is known to be effective for the treat-
ment of breakthrough cancer pain.

 

10

 

 Second,
the onset of action of the medications is well

known to be rapid.

 

5,6

 

 Third, the intermittent
and recurrent nature of breakthrough pain al-
lowed for multiple treatments in the same pa-
tient over a relatively short period of time.
Fourth, the study included a run in period dur-
ing which patients had their dose of OTFC
titrated to find a single dose strength that
worked 75% of the time. As such, we have epi-
sodes adequately treated and inadequately
treated on all patients against which to com-
pare the change in pain intensity, pain relief,
and the global medication performance in a
similar fashion to the previous paper.

 

3

 

Therefore, in this study the patient’s percep-
tion of efficacy (i.e., not requiring an addi-
tional dose of rescue medication for that epi-
sode of breakthrough pain) is a clinically
appropriate and easily measured outcome.
The need for additional rescue medication to
treat a specific episode of breakthrough pain is
action-oriented, can be objectively measured,
and reflects each patient’s determination of
the overall efficacy of the study medication.
However, this approach is not often an option
outside of specific acute pain models. More
commonly used are pain intensity, pain relief,
and a global measure of change. The high de-
gree of agreement between pain intensity
change, pain relief, and GMP, with the need
for an additional dose of rescue medication in
this study indicates that these measures are
valid surrogate outcome measures.

Our study also provides evidence for the
level of change, within subject, that should be
considered clinically important. Although it is
necessary to recognize that there is disagree-
ment among researchers as to the need to de-
fine a clinically important difference at the
level of the individual, if we assume that at least
some questions being addressed in clinical tri-
als are best answered by an analysis of the pro-
portion of responders, an appropriate cut-off
point needs to be defined to separate respond-
ers and non-responders. In most cases, the
change in pain score that defines a clinically
important difference for the individual patient
is the most appropriate cut-off value. Our cur-
rent findings are consistent with a number of
analgesic studies in which the percentage
change used as the definition of a positive out-
come ranging from 33% to 50%.

 

11,12

 

The potential limitations of this study must
also be considered. Factors other than pain level

 

Table 2

 

Agreement Between Various Pain Measures and 
Patients Not Needing to Take an Additional Rescue 

Medication: Receiver Operating Characteristic 
(ROC) Area Under the Curve Analysis

 

Scale Area (30 min) Area (60 min)

%PID (percent) 0.773 0.862
PID (raw) 0.770 0.855
Pain Relief 0.801 0.839
%Max TOTPAR N/A 0.840
GMP N/A 0.839

 

PID 

 

�

 

 pain intensity difference; %PID 

 

�

 

 percent pain intensity dif-
ference (i.e., 100 

 

�

 

 PID/Baseline pain); %Max TOTPAR 

 

�

 

 percent
maximum total pain relief; GMP 

 

�

 

 global medication performance.
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may play a role in a patient’s decision to take an
additional dose of rescue medication. Many clini-
cally relevant factors such as mood, expectation,
and learning affect a patient’s report of pain.
However, we would expect these factors to re-
main constant for each individual over the two-
week study period. Because each patient con-
tributes both rescue and non-rescue episodes,
inter-individual differences should not affect the
outcome. The results of the current analysis
could also be questioned because of limitations
inherent in the original study.

 

4

 

 All randomized
clinical trials raise concerns about generalizabil-
ity. The response to pain and its meaning in can-
cer patients may be different than for patients
with other painful conditions. In addition, can-
cer-related breakthrough pain is often self-lim-
ited. This is highlighted by the observation that
no additional dose of rescue medication was
required in 66% of the episodes treated with
placebo units in the randomized phase.

 

10

 

 Thus,
there may be concerns as to the applicability of
this model to clinical trials of other types of acute
or chronic pain or pain that requires longer du-
ration of treatment. Ideally, these values would
be calculated for each population of patients be-
fore conducting the actual clinical trial. It is reas-
suring to note the similarities between our values
and the ones that have been successfully used in
clinical trials of pain and analgesics in several dis-
tinctly different conditions.

 

12–15

 

In conclusion, we have used data from a clini-
cal trial that uses a clinically relevant and easily
measured indicator of the cancer patient’s assess-
ment of analgesic efficacy to evaluate the agree-
ment between different pain scales and this clini-
cally relevant outcome. Our findings validated, as
optimal, the cut-off points of 33% for %PID and
%Max TOTPAR and 2 for PR, SPID, and GMP to
be optimal, consistent with previously published
studies.

 

3

 

 Although the choice of scales and analy-
ses for future clinical trials will depend on the
study question and design, this information
should lead to a more standardized approach to
the design of studies of pain treatments and bet-
ter validity, comparability, and clinical utility of
the results of future clinical trials.
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