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ABSTRACT

Introduction: The literature lacks formally val-
idated and reliable tools for the diagnosis of
breakthrough cancer pain (BTcP). The Italian
Questionnaire for BTcP diagnosis (IQ-BTP) is an
11-item questionnaire aimed at detecting
potential-BTP and classifying it into three like-
lihood classes: high, intermediate, and low.

Methods: A multicenter, prospective, and
observational study was designed to validate the
IQ-BTP. In three consecutive visits with each
cancer patient, the demographic and clinical
details of the patient, the Brief Pain Inventory
(BPI) scores, IQ-BTP outcomes, and clinicians’
autonomous BTcP diagnosis (gold standard) and
the agreement of this diagnosis with IQ-BTP
outcomes were recorded. The assessed domains
for IQ-BTP validation were: Validity, including
content and face validity, construct validity
(hypothesis testing, and cross-cultural
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validity\measurement invariance), and crite-
rion validity; Reliability (internal consistency,
reliability, and measurement error); Inter-
pretability, and Responsiveness.
Results: Seven palliative and pain management
facilities in Italy recruited 280 patients, yield-
ing 753 evaluations. Using the IQ-BTP, the rate
of potential-BTcP was 27.2%, of which its
likelihood was high in 52.7% of patients,
intermediate in 38.5, and low in 8.8%. The BPI
item scores differed significantly between the
two IQ-BTP classes (no-BTcP and potential-BTcP
classes). The correlation of the latter class with
BPI items was significant but low. The IQ-BTcP
showed two principal components, accounting
for 66.6% of the variance. Cronbach’s a was
0.71. The agreement rate between the gold
standard and IQ-BTP outcomes was 82%.
Cohen’s j was 0.535. The IQ-BTP showed sen-
sitivity and specificity of 69 and 86%,
respectively.
Conclusions: The IQ-BTP extensive formal val-
idation showed satisfactory psychometric and
validity properties. Its content, face, construct,
and criterion validities and its reliability, inter-
pretability, and responsiveness were shown. Its
use enabled potential-BTcP to be identified and
differentiated into three likelihood classes with
direct therapeutic and epidemiological impli-
cations. The latter may be confirmed in future
studies.

Keywords: BTcP; BTP; Construct validity;
Criterion validity; Interpretability; IQ-BTP;
Reliability; Responsiveness; Validation

Key Summary Points

Why carry out this study?

The literature lacks formally validated and
reliable tools for the diagnosis of
bBreakthrough cancer pain (BTcP).

The Italian Questionnaire for BTcP
diagnosis (IQ-BTP) is an 11-item
questionnaire aimed at detecting the
presence of potential-BTcP and classifying
it into three likelihood classes: high,
intermediate, and low.

A multicenter, prospective, and
observational study was designed to
formally validate the IQ-BTP and to
highlight its clinical usefulness.

What was learned from the study?

The IQ-BTP showed satisfactory
psychometric and validity properties.

The IQ-BTP enabled potential-BTcP to be
identified and differentiated into three
likelihood classes with direct congruent
therapeutic and epidemiological
implications.

DIGITAL FEATURES

This article is published with digital features,
including a summary slide, to facilitate under-
standing of the article. To view digital features
for this article go to https://doi.org/10.6084/
m9.figshare.14589066.

INTRODUCTION

Breakthrough Pain (BTP) in cancer (BTcP) and
non-cancer patients is a challenging clinical
issue at all healthcare levels. It is considered to
be a predictor for poor pain outcomes in
patients with chronic pain (CP) and associated
with a physical, psychological, and economic
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burden for both patients and caregivers [1–5].
Across studies, BTP prevalence varies mainly
due to the lack of consensus on its definition,
absence of formally validated and reliable tools
for its diagnosis, and heterogeneity in the
design and parameters of studies [6, 7].

BTcP is not mentioned in the 11th edition of
the International Classification of Diseases
(ICD-11); rather, with the support of the Inter-
national Association for the Study of Pain
(IASP), cancer pain is divided into continuous
(background pain [BP]) or intermittent (episo-
dic: related to movement or activity [incident]
or unrelated [spontaneous]] pain [8]. Earlier
definitions describe BTcP as ‘‘a transitory exac-
erbation of pain experienced by patients
undergoing long-term opioid treatment for
cancer-related pain whose baseline pain is ade-
quately controlled’’ [2] or as ‘‘a transient exac-
erbation of pain that occurs either
spontaneously, or in relation to a specific pre-
dictable or unpredictable trigger, despite rela-
tively stable and adequately controlled
background pain’’ [9]. The latter yielded ‘‘some
diagnostic criteria for BTcP [9]’’ and later, the
Diagnostic Breakthrough Pain Algorithm
showing, however, limited sensitivity [10]. Over
time, experts have questioned the need to
include elements such as regular opioid medi-
cation and controlled BP in the BTcP definition
[11, 12]. The World Health Organization
(WHO) defines BTP as a ‘‘transitory flare of pain
in the setting of chronic pain managed with
pain medicines around the clock’’ [13]. How-
ever, this definition of BTP may erroneously
include pain exacerbation during opioid titra-
tion or due to end-of-dose failure (EODF) of
around-the-clock (ATC) opioid medication
[14, 15]. Further, it does not address the issue of
the daily frequency and duration of flairs.

Effective management of BTP requires reli-
able identification and ongoing assessment [7].
Current guidelines for the diagnosis and man-
agement of BTCP are of low grade [16], and
common pain assessment tools are inadequate
for the identification of BTP [6, 17]. Further, the
literature contains reports of challenges to the
adequacy of currently used reporting tools to
assess adult BTP. Indeed, there is no widely
accepted BTP definition, classification system,

or formally validated BTP diagnostic tool with
demonstrated reliability [6, 7].

In previous publications we have reported
the development of a scoring system for a BTP
diagnostic/prognostic tool based on an 11-item
validated questionnaire (Italian Questionnaire
for Breakthrough Pain [IQ-BTP]) [18, 19]. This
tool enables clinicians to recognize potential-
BTP presence using the information collected
on BP, ATC opioids medication, EODF, and
daily frequency and duration of flairs. The pur-
pose of this tool is to classify the presence of
potential-BTP into three prognostic/likelihood
classes, namely, high, intermediate, and low,
which may also have therapeutic implications.

Following completion of the studies on the
initial validation of the IQ-BTP and the perfor-
mance of its scoring system [18, 19], we sought
to formally validate this tool in a multicenter
cohort of cancer patients, following the
COnsensus-based standards to select health
Measurement Instruments (COSMIN) taxon-
omy [20]. We hypothesized that the IQ-BTP will
show satisfactory psychometric and validity
properties.

METHODS

Settings and Patients

This was a multicenter, prospective, and obser-
vational study involving seven Italian health-
care facilities that managed the palliative care
and pain management of cancer patients. The
leading center was the acute and CP center of
Bologna’s Teaching Hospital, Italy.

Inclusion criteria were patients
aged C 18 years who had been diagnosed with
any form of cancer and who had pain or were
receiving ongoing pain therapy for [ 7 days,
and who signed an informed consent form for
participation in the study. The exclusion crietria
were surgery within the past 48 h before
enrollment, and inability to comprehend the
IQ-BTP items.

As the IQ-BTP includes 11 items, the sample
size was planned to be of at least ten patients
per item (i.e., 110 patients and 330 evaluations
at three consecutive visits).
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Procedure and Instruments

Following approval of the study by the leading
center’s Ethical Committee, satellite centers
were invited to participate. Thus, in a prelimi-
nary panel meeting of 12 experts from the par-
ticipating centers, the BTcP operational case
definition, the construct of interest, and the
relative IQ-BTP questionnaire items were illus-
trated and explained, including the aims, orga-
nization, and structure of the study. On this
occasion, the panel also rated the IQ-BTP’s
items for their content and face validity (see
below) and resolved raised issues by consensus.
Only for the first item (‘‘In the past 3–7 days, did
you have continuous pain lasting C 12 h a day’’)
did the panel agree that ‘continuous pain’ also
implies continuous pain treatment. The IQ-BTP
was accordingly updated. Thus, each center
applied for study approval from its own local
Ethical Committee and communicated the
approval to the leading center. Once approval
had been received, meetings were held at each
center to explain further the study’s tools (in-
formation form and written informed consent
form for patients; source document). Each cen-
ter informed the leading Ethical Committee on
the date of its first patient enrollment. Several
months after the study started, further meetings
were held at each center for peer debriefing.
Each month of the study period, centers pro-
vided the accumulated number of enrolled
patients. As each center started enrollment at
different time points, the study’s time frame
was from July 2017 to December 2019. Centers
stopped collecting data after enrolling a maxi-
mum of 80 patients per center or when the
study’s timeframe ended. Gathered data were
imputed in an electronic database at the leading
center.

The study included three consecutive visits
(V1–V3) for each patient; physicians filled the
source document at each visit. The source doc-
ument included four sections. The first section
included patients’ demographic and clinical
details; the second and third sections included
the Brief Pain Inventory (BPI) and the IQ-BTP
questionnaires; the fourth section included
Likert-type questions for the physicians’
autonomous evaluation of (1) the presence of

BTcP based on their routine practice and
regardless of the IQ-BTP outcomes, and (2) the
IQ-BTP contribution to a diagnosis and treat-
ment of BTcP (see Table 4). The evaluating
physicians were expert oncologists or pain
physicians with expertise in BTP issues. These
evaluations will be referred to as the ‘gold
standard.’

The IQ-BTP is a physician-administered
questionnaire and is based on a previously
reported BTP operational case definition [18].
Accordingly, a patient with BTcP needs to
report: (1) five congruent clinical prerequisite
elements (ongoing pain or pain treatment in
the past 3–7 days; ATC opioid medications;
controlled BP [numeric rating scale {NRS} B 4];
flair [NRS C 6] occurrence; and no EODF); (2)
two discriminative characteristics of flares,
namely, limited frequency (B 6/24 h) and lim-
ited duration (B 30–60 min); and (3) clinical
descriptive elements of the flairs (localization,
predictability, cause, and physiopathology).
(See Electronic Supplementary Material [ESM]
Tables A and B for the English and Italian ver-
sion of the IQ-BTP questionnaire, respectively).

It is assumed that patients who have fewer
than the five prerequisite elements cannot have
BTcP, while those who have all of the prereq-
uisite elements potentially experience BTcP.
Accordingly, in this study, the former patients
are collectively referred to as the no-BTcP class
and the latter as the potential-BTcP class (i.e.,
the 2 IQ-BTP classes). In the potential-BTcP
class, the BTcP likelihood is high when both the
defined flairs’ discriminative elements (fre-
quency and duration) are present; intermediate
if only one is present; and low if none is present.
As IQ-BTP items are not interchangeable and
together form this tool’s construct, the under-
lying model is formative [20].

Formal validation of the IQ-BTP follows the
indications for measurement properties inclu-
ded in the COSMIN taxonomy main domains
[20]. The domains assessed in this study are: (1)
Validity, including content and face validity,
construct validity (analysis/reduction of items;
hypothesis testing; cross-cultural validity\mea-
surement invariance), and criterion validity; (2)
Reliability (internal consistency and reliability);
(3) Interpretability; and (4) Responsiveness. A
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Table 1 Demographics and cancer-related features of the patient sample

Predictor Predictor subset Total n (%)

Observations 753 (100.0)

Setting Oncology office 246 (32.7)

Pain medicine office 197 (26.2)

Oncology day-hospital 100 (13.3)

Hospice 72 (9.6)

Hospital ward 60 (8.0)

Home care 78 (10.4)

Gender Male 346 (45.9)

Female 407 (54.1)

Karnofskya 66.2 (22.3)

Age group (years) A (18–35) 12 (1.6)

B (36–50) 72 (9.6)

C (51–65) 214 (28.4)

D (66–80) 335 (44.5)

E ([ 80) 120 (15.9)

Primitive tumor site Lungs 130 (17.1)

Breast 114 (15.0)

Colorectal 110 (14.4)

Pancreas 109 (14.3)

Urogenital (Females) 75 (9.8)

Urogenital (Males) 65 (8.5)

Hematologic 41 (5.4)

Liver 25 (3.3)

Head/throat 30 (3.9)

Stomach 17 (2.2)

Kidney 12 (1.6)

Central nervous system 5 (0.7)

Other 29 (3.8)

[ 1 siteb 9 (1.2)

a Values presented as the mean (standard deviation [SD])
b Cases with more than one primitive tumor site
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Table 2 Outcomes of Italian Questionnaire for BTcP diagnosis, v2analysis, and Spearman rank correlation analysis

IQ-BTP Total
n (%)

v2c Spearman rank correlation
(q value)eItem IQ-BTP subset

Sample 753 (100.0)

1—Pain/pain therapy present Constantd Constantd

Yes 753 (100.0)

No 0 (0.0)

2—Strong opioid therapy 412.017 0.237 Mild

Yes 655 (87.0)

No 98 (13.0)

3—BP intensity (NRS B 4) 226.519 0.330 Mild

Yes 583 (77.4)

No 170 (22.6)

4—Pain from flairs (NRS C 6) 2.689 0.649 Moderate

Yes 354 (47.0)

No 399 (53.0)

5—Flairs are not related to therapy

schedule?

156.240 0.420 Moderate

Yes 512 (68.0)

No 241 (32.0)

Potential-BTPa 205 (27.2) – –

6—Flair frequency (24 h) 534.558 0.989 Strong

\ 5 = 1 133 (17.7)

C 5 = 2 72 (9.6)

7—Flair duration 555.355 0.992 Strong

B 30–60 min = 1 162 (21.5)

[ 60 min = 2 43 (5.7)

BTP likelihoodb 939.074 0.987 Strong

Low (items 6 and 7 = 4) 18 (2.4)

Intermediate (items 6 and

7 = 3)

79 (10.5)

High (items 6 and 7 = 2) 108 (14.3)

Total 205 (27.2)

8—Different sites for flair and

BP?

540.462 0.266 Mild

Yes 66 (8.8)

No 139 (18.5)
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concise description of the definition, hypothe-
ses evaluation, and statistical methods used in
this study is reported in ESM Table C (Valida-
tion summary).

Briefly, for face validity, we presented, dur-
ing a preliminary meeting, the BTP case defini-
tion and IQ-BTP items to a panel of 12 experts.
Experts were physicians with established spe-
cialist expertise in CP and palliative care. The
experts rated each item (using a five-level Likert-
type scale [Strongly agree, Agree, Indifferent,
Disagree, and Strongly disagree]) on its com-
prehensiveness, comprehensibility, and rele-
vance to the BTP case definition as well as the
grammar, wording, and randomization ade-
quacy of each item; they added, if necessary,
observations/suggestions. An item was adopted
if[75% of the experts rated it as ‘‘Strongly
agree’’/‘‘Agree’’ for its relevance and adequacy.
Content validity is the degree to which the

content of a measure is an adequate reflection
of the construct to be measured [20]. Accord-
ingly, to support the IQ-BTP content validity,
we further hypothesized that: (1) there should
be significant associations between IQ-BTP
items and the IQ-BTP classes; (2) the content
validity ratio (CVR) should be positive and[
0.5 [21]; and (3) agreement between the gold

standard and IQ-BTP outcomes should be[
75% and Cohen’s j should be[0.5.

To support the IQ-BTP construct validity, we
first used principal component analysis (PCA)
and the scree test to identify components that
are composites of this tool’s items. We further
hypothesized that: (1) the scores of patients of
different IQ-BTP classes for the BPI items will
differ significantly; (2) the strength of the
Spearman rank correlation between IQ-BTP
classes and BPI items, given their dissimilar
construct, will be significant but less than

Table 2 continued

IQ-BTP Total
n (%)

v2c Spearman rank correlation
(q value)eItem IQ-BTP subset

9—Flairs are predictable? 540.215 0.989 Strong

Yes 53 (7.0)

No 152 (20.2)

10—Flair cause known? 531.179 0.988 Strong

Yes 80 (10.6)

No 125 (16.6)

11—Dysesthesias/paresthesias

present?

527.243 0.988 Strong

Yes 99 (13.1)

No 106 (14.1)

BP Background pain, BTcp breakthrough pain in cancer, BTP breakthrough pain, v2 Chi-square, IQ-BTP Italian Ques-
tionnaire for BTcP, NRS numeric rating scale
a Cases with ‘yes’ answers throughout items 1–5 (yielding potential-BTcP)
b Sum of items 6 and 7 outcomes (= 4, 3, or 2), yielding low, intermediate, and high BTP likelihood, respectively
c v2-analysis, association of IQ-BTcP items and potential-BTcP; P-value = 0.000, respectively
d All cases were ‘Yes’ thus constant
e Spearman-rank correlation between IQ-BTcP items and the IQ-BTP outcomes; results are expressed as q absolute values
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moderate (mean q \ 0.4) [22]; (3) the IQ-BTP
will show measurement invariance (MI) for
cross-cultural validity as there will be no
important differences in IQ-BTP class rates
between gender groups (for the latter, the null
hypothesis, applying ordinal logistic regression,
was that IQ-BTP class rates differ between gen-
der groups).

For criterion validity, we assessed the corre-
lation between IQ-BTP and the gold standard
outcomes; we hypothesized that the area under
the curve (AUC) would be C 0.70 [20].

To support the internal consistency and
reliability of the IQ-BTP, we hypothesized that

Cronbach’s a and the intraclass correlation
coefficient (ICC) would both exceed 0.7.
[20, 23, 24]. The reliability of the IQ-BTP was
further assessed by defining its sensitivity,
specificity, and the prior probability against the
gold standard outcomes [25].

Interpretability was assessed by verifying
whether clinicians can assign qualitative
meaning (i.e., clinically understood connota-
tions) to the IQ-BTP’s outcomes [26]. Hence, we
assessed whether[ 75% of the gold standard
evaluations considered the IQ-BTP outcomes as
a valid guide for BTcP therapeutic indications.
Finally, we compared the IQ-BTP and gold
standard outcomes for responsiveness analysis;
we hypothesized that their agreement rate
would be[ 75%, Cohen’s coefficient[0.5, and
the AUC C 0.70 [20].

Data Presentation and Statistical Analysis

Continuous data are reported as the mean ±

standard deviation (SD); when appropriate, the
median and 95% upper and lower confidence
intervals (CI) are reported. Categorical data and
proportions are reported as absolute numbers
and percentages. Analysis of variance (ANOVA)
was used to assess the differences in BPI item
scores between IQ-BTP classes. The latter
dependence upon independent variable cate-

gories was determined using v2 analysis. The
Spearman rank correlation analysis was used to
analyze the correlation between IQ-BTP classes,
BPI, and IQ-BTP items, respectively; when sta-
tistically significant, an absolute q value\ 0.2
was considered to indicate a poor correlation,
0.2–0.4 a mild correlation, 0.41–0.7 a moderate
correlation, and 0.71–1.0 a strong correlation
[25]. Cronbach’s a test was used to test internal
consistency and intraclass correlation (ICC) for
reliability. Contingency tables of the IQ-BTP
outcomes against the gold standard were used
to define the sensitivity, specificity, positive
predictive value (PPV), and negative predictive
value (NPV) of the IQ-BTP; results are expressed
in percentages and reported with their CI and
margin of error (M; one-half of the width of the
CI and summarizes the width of a CI relative to
the whole possible range) [27]. Prior probability

Table 3 Physicians’ (gold standard) independent
evaluations

Physician opinion Total
n (%)Item Subset

Sample 753 (100.0)

BTcP is present (regardless the

IQ-BTP outcome)?a
Yes 186 (24.7)

No 507 (67.3)

Don’t

know

60 (8.0)

IQ-BTP was helpful for BTcP

diagnosis?b
Very

much

276 (36.7)

Much 373 (49.5)

Don’t

know

57 (7.6)

Slightly 35 (4.6)

Not at

all

12 (1.6)

BTcP likelihood-class may guide

BTcP therapy?c
Yes 711 (94.4)

No 6 (0.8)

Don’t

know

36 (4.8)

a Physicians independent evaluations of BTcP presence
b Physicians evaluations of the IQ-BTP usefulness for
BTcP diagnosis
c Physicians evaluations of the IQ-BTP usefulness for
BTcP treatment
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was defined by calculating the PPV and PNV
[28]. For agreement analysis, we first calculated
the index condition rate (IQ-BTP outcome,
potential-BTcP) and, thus, the rate of the overall
agreement with the gold standard; Cohen’s j
test was hence applied [27]. When statistically
significant, an absolute j value (with its stan-
dard error [SE] of 0.1–0.3 was considered to
indicate mild agreement, 0.31–0.5 to indicate
moderate agreement, and 0.51–1.0 to indicate
excellent agreement [25]. Ordinal logistic

regression analysis was conducted to investigate
whether the variable gender influences the IQ-
BTP outcomes. Statistical significance was
defined as P\0.05. When appropriate, P\0.01
and P\0.001 were reported.

Ethics

The study was authorized by the Ethics Com-
mittee of each participating center

Table 4 Brief Pain Inventory item scores within the sample and the IQ-BTP classes, analysis of variance results, and
Spearman rank correlation

BPI and QoL items Samplea IQ-BTP classesa ANOVA
P value*

Spearman rank correlation ( q
value)bPotential-

BTcP
No-BTcP

Worst pain 4.8 (4.6–5.0) 6.4 (6.1–6.6) 4.2 (4.0–4.5) 0.000 0.348 Mild

Least pain 1.5 (1.4–1.6) 1.8 (1.6–2.0) 1.4 (1.2–1.5) 0.004 0.156 Poor

Mean pain 2.9 (2.7–3.0) 3.5 (3.3–3.7) 2.6 (2.5–2.8) 0.000 0.233 Mild

Actual pain 2.1 (1.9–2.2) 2.5 (2.3–2.8) 1.9 (1.7–2.1) 0.000 0.179 Poor

Dynamic pain 3.9 (3.7–4.1) 5.3 (5.0–5.7) 3.3 (3.1–3.6) 0.000 0.324 Mild

Pain relief with

therapy (%)

70.1

(68.3–71.8)

65.8

(63.2–68.5)

71.7

(69.5–73.9)

0.004 0.165 Poor

QoL items (pain Interference with…)

General activity 3.7 (3.5–4.0) 4.7 (4.4–5.1) 3.4 (3.1–3.6) 0.000 0.214 Mild

Mood 3.8 (3.6–4.0) 4.7 (4.3–5.0) 3.5 (3.2–3.7) 0.000 0.202 Mild

Ambulation 3.3 (3.1–3.5) 4.0 (3.5–4.4) 3.1 (2.8–3.3) 0.001 0.135 Poor

Work 3.8 (3.6–4.1) 4.6 (4.2–5.0) 3.6 (3.3–3.9) 0.000 0.152 Poor

Social interactions 2.9 (2.7–3.1) 3.5 (3.2–3.9) 2.7 (2.5–2.9) 0.000 0.161 Poor

Sleep 2.6 (2.4–2.8) 2.9 (2.9–3.7) 3.3 (2.1–2.6) 0.000 0.174 Poor

Enjoyment of life 3.5 (3.3–3.7) 4.4 (4.0–4.8) 3.2 (2.9–3.4) 0.000 0.197 Poor

ANOVA Analysis of variance, BPI Brief Pain Inventory, QoL quality of life
*Statistical significance P\ 0.001 for all items
a No-BTcP class: patients who have\5 of the prerequisite elements and therefore do not have BTcP; Potential-BTcP class:
those who have all of the prerequisite elements and potentially experience BTcPBPI. Values are presented as the mean score
with the 95% confidence interval (CI) in parenthesis
b For the Spearman rank correlation between BPI items and the IQ-BTP classes, results are expressed as the q absolute
values
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(authorization number of the leading center
[Ethical Committee of AOSP di Bologna, Poli-
clinico S. Orsola-Malpighi]: 46/2015/U/oss).
Names and reference numbers of the Ethics
Committees that have approved this study is
provided in ESM Table D. The study was con-
ducted according to the Helsinki Declaration of
1964 and its later amendments and IASP’s
guidelines for pain research in animals and
humans. The investigators personally and
thoroughly informed all participants on the
study’s aims and structure. Patients were
informed that participation was voluntary and
anonymous and that it would not affect their
care; hence, informed consent was obtained
from each patient.

RESULTS

Of the 280 enrolled patients, 75 died before V3,
yielding a total of 753 evaluations from V1 to
V3, which satisfied the sample size require-
ments. Table 1 reports the sociodemographic
and clinical features of the evaluated patients.
Of the seven participating centers, 32.7% of
evaluations were made at oncology offices,
26.2% at pain offices, 13.3% at oncology day-
hospitals, and roughly 10% each in a hospice,
hospital ward, or home care environment.

Among the evaluated patients, 54.1% were
females; the mean (± SD) age was 67.7 ± 13.4
(range 23–94) years, and 45% belonged to age
group D (66–80 years). In 60.8% of patients,
primitive tumor sites involved the lungs, breast,
colon/rectum, and pancreas.

Table 2 reports the IQ-BTP questionnaire

outcomes and the results of the v2analysis for
the associations between the IQ-BTP items and
classes. Based on the presence of the prerequi-
site elements (i.e., cases with ‘YES’ answers for
IQ-BTP items 1–5), potential-BTcP was found
in 205 evaluations (27.2%). Of the potential-
BTcP cases, and based on the discriminative
elements (i.e., IQ-BTP items 6 and 7), BTcP
likelihood was high at 52.7%, intermediate at
38.5, and low at 8.8%). Based on the answers to
IQ-BTP items 8–11, BTcP and BP sites were
similar in 67.8% of the potential-BTcP cases;
BTcP was unpredictable in 74.1%, of unknown
cause in 61%, and without neuropathic features
in 51.7%.

The v2 analysis showed significant associa-
tions between all IQ-BTP items and the outcome
potential-BTP (P value = 0.000), except for item
1 (Pain/ongoing pain-therapy), which was a
constant.

Table 3 reports the physicians’ opinion on
the presence of BTcP and the usefulness of the

Table 5 Outcomes of IQ-BTP and gold standard contingency table (BTcP presence)

IQ-BTP (new test) Physician judgment (gold standard)

Positive Negative Total

Positive 128 77 205

Negative 58 490 548

Total 186 567 753

Accuracy % 95% CI M

Sensitivity 69 65.5–72.1 3.3

Specificity 86 84.0–88.9 2.4

Positive predictive value 62 59.0–65.9 3.5

Negative predictive value 75 87.2–91.6 2.2

Positive and negative outcomes imply the presence or absence of BTP, respectively
M, Margin of error (one half width of CI)
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IQ-BTP for its diagnosis and treatment (i.e., the
gold standard). Without consulting the IQ-BTP
outcomes, physicians diagnosed BTcP in 24.7%
of all evaluations. Physicians considered IQ-BTP
much/very much helpful for BTcP diagnosis in
86.2% of the evaluations. They considered the
BTcP likelihood classification useful as a guide
for BTcP treatment in 94.4% of the cases. These
data will be used to define the IQ-BTP reliability
and content validity (see below).

Table 4 reports the scores for the BPI items
within the sample and the IQ-BTP classes and
details the results of the ANOVA and the
Spearman-Rank Correlation analyses. For all BPI
items, the mean scores of the potential-BTcP
class were higher than those of the No-BTcP
class except for the percentage of pain relief
with the therapy, which was lower. Indeed,
ANOVA analysis showed significant differences
between the two classes (ANOVA, P\0.01). In

particular, for the BPI items ‘Worst pain in the
past 24 h’ and ‘Dynamic pain,’ the difference
between the two IQ-BTP classes was C 2 points.
For correlations between BPI items and the IQ-
BTP classes analysis, see section Construct
Validity.

Validation

Reliability: Internal Consistency and ICC
Internal consistency and ICC of the IQ-BTP
computations yielded Cronbach’s a and an ICC
of 0.766, respectively (ICC, P = 0.000, 95% CI
0.741–0.790).

Fig. 1 Scree test. Two components show eigenvalues
larger than unity

Table 6 Principal component analysis explaining total variance

Component Initial eigenvalues Factor weight

Not-rotated Rotated

Total Variance Cumulative Total Variance Cumulative Total Variance Cumulative

1 5.431 54.31 54.31 5.431 54.31 54.31 5.165 51.65 51.65

2 1.224 12.24 66.55 1.224 12.24 66.55 1.490 14.90 66.55

For each component, with eigenvalue greater than unity, total values, variance and cumulative proportions of initial
eigenvalues along with rotated and not-rotated factors weight are reported. Variance and cumulative values are expressed in
percentages

Fig. 2 The area under the curve of the correlation
between the gold standard and the IQ-BTP classes. The
area is 0.776
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Table 5 is a contingency table of the fre-
quency distribution of the gold standard and
IQ-BTP outcomes in terms of BTcP presence.
Positive and negative outcomes imply the
presence or absence of BTcP, respectively. It also
reports the sensitivity, specificity, and prior
probability analyses along with their lower and
upper CIs and its margin of error (M). The rate
of the index condition (potential-BTcP) was
27.2%, and the overall agreement between the
outcomes of the IQ-BTP and the gold standard
for the presence of BTcP was 82%. Cohen’s j
was 0.535 (SE 0.035), showing excellent agree-
ment. The IQ-BTP test showed satisfactory val-
ues of reliability.; in particular, sensitivity was
69%, specificity was 86%, PPV was 62%, and
NPV was 75% with particularly low M values.

Validity
Content Validity (associations, CVR, and
agreement) Experts’ opinion on the compre-
hensiveness, comprehensibility, and relevance
of the IQ-BTP items to the construct of interest
and on the adequacy of the items yielded an
overall approval for all items’ face/content
validity, with 98.5% of the experts responding
‘Strongly agree’/’Agree’ on their relevance and
adequacy, respectively.

Significant associations were found between

all IQ-BTP items and IQ-BTP classes (Table 3; v2

analysis, P\0.001, respectively). The CVR for
the gold standard was calculated for the number
of raters who considered the IQ-BTP as ‘Much’/
‘Very much’ helpful for BTcP diagnosis
(n = 649, CVR 0.7) and for those who judged
the BTcP likelihood classification as a useful
guide for BTcP treatment (n = 711, CVR 0.9).
Thus, in both analyses, CVR was extensively
above the 0.5 cutoff. As mentioned earlier, the
overall agreement between the gold standard
and IQ-BTP outcomes was[75% and Cohen’s
j [ 0.5, showing excellent agreement.

Construct Validity
Correlations Between IQ-BTP Classes and BPI
Items As shown in Table 4, correlations
between BPI items and the IQ-BTP classes were
significant (Spearman rank correlation,
P\ 0.01). Absolute q values, however, ranged

from 0.135 to 0.348 (mean 0.200 ± 0.07). In
particular, q values yielded mild correlations of
IQ-BTP classes with the three pain items (worst,
mean, and dynamic pain) and two pain inter-
ference-with-QoL items (general activity and
mood). Correlations were poor with the
remaining eight BPI items. Conversely, as
shown in Table 2, correlations between IQ-BTP
items and the IQ-BTP classes were significant
(Spearman rank correlation, P\ 0.001), and
absolute q values ranged from 0.237 to 0.989
(mean 0.712 ± 0.33), showing high strength of
the correlations. The different strength of cor-
relations between the IQ-BTP classes and the
two questionnaires (BPI and the IQ-BTP) imply
distinct constructs and support the IQ-BTP
autonomous construct validity.

Principal Component Analysis The hypothe-
sis that the IQ- BTP items were uncorrelated was
ruled out as Bartlett’s test of sphericity was sta-
tistically significant (P\ 0.0001) and the Kai-
ser–Meyer–Olkin (KMO) statistic was[ 0.6
(KMO 0.914). The PCA (and scree test (Fig. 1) of
the IQ-BTP identified two components with
eigenvalues larger than unity. Table 6 shows, for
each identified component, the total value,
variance, and cumulative proportions of the
initial eigenvalues together with rotated and
not-rotated factor weights. These factors
accounted for 66.6% of the variance. According
to the Varimax rotation method with Kaiser
normalization, the rotated matrix of these
components reached convergence criteria with
three iterations. The first factor, accounting for
54.3% of the variance, included items relative to
the presence, duration, frequency, predictabil-
ity, and causes of flares. The second factor,
accounting for 12.2% of the variance, included
items relative to ATC opioid use, BP, and EODF.

Criterion Validity Figure 2 describes the AUC
of the correlation between the gold standard
(independent physician judgment for the pres-
ence of BTcP) and the IQ-BTP classes. In par-
ticular, the AUC was found to be 0.776 (95% CI
0.734–0.819) and thus[0.70.

Measurement Invariance We conducted an
ordinal logistic regression analysis to investigate
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whether gender variables influence the IQ-BTP
outcomes. The predictor variables were tested a
priori to verify there was no violation of the
assumption of no multicollinearity. The null
hypothesis, i.e., IQ-BTP class rates differ
between gender groups, was rejected as the
predictor variable gender (females) was not
found to contribute to the model (esti-
mate - 0.196, SE 0.165, Wald 1.396, P = 0.237).
Indeed, potential-BTcP rates within the male
and female subgroups were similar (29.0 and
24.4%, respectively).

DISCUSSION

In a multicenter cohort of cancer patients and
using the IQ-BTP for 753 evaluations, the rate of
potential-BTcP was 27.2%. Of the latter cases,
BTcP likelihood was high in 52.7% of patients,
intermediate in 38.5, and low in 8.8%.

Correct identification is imperative for BTcP
appropriate pain management. Currently,
standard pain assessment tools are inadequate
for BTcP identification [6, 17], and the adequacy
of BTcP diagnostic tools is hampered due to the
lack of a widely accepted definition of BTcP and
formally validated BTcP diagnostic tools with
demonstrated reliability [6, 7]. Among existing
BTP assessment tools, only the breakthrough
pain assessment tool (BAT) [29] meets some of
the COSMIN criteria. However, the BAT is not a
diagnostic tool; it only assesses the characteris-
tics of otherwise empirically diagnosed BTP [7].
In comparison, the IQ-BTP may be used for the
diagnosis and epidemiological evaluation of
BTcP.

The originality of the IQ-BTP questionnaire
and its scoring system lies in its prognostic
ability [18, 19]. It identifies potential-BTcP
presence (based on prerequisite elements) and
then its risk (based on discriminative elements)
as high, intermediate, or low likelihood.

The five IQ-BTP prerequisite elements to
identify potential-BTcP are ongoing pain/pain-
treatment in the past 3–7 days; ATC opioid
medications; controlled BP; flair occurrence;
and no EODF. These elements complete the
WHO’s definition of BTP, which otherwise may
erroneously identify as BTcP flairs during opioid

titration or due to opioid medications’ EODF
[14, 15]. Moreover, for BTcP identification, the
inclusion of items relating to ATC opioid med-
ications and controlled BP is supported by the
US Food and Drug Administration (FDA) rec-
ommendations. Indeed, as the appropriate
treatment for BTcP is currently rapid-onset
opioids (ROOs; e.g., transmucosal fentanyl
citrate) [17, 30], the FDA recommends that safe
use of this medication requires that patients be
opioid tolerant based on concurrent regular use
of opioid medication [31]. A controlled BP
condition is essential as uncontrolled BP implies
that opioid titration is not completed and
excludes the advent of BTP [9, 14]. In our BTcP
case definition, the expert panel adopted the
cutoff score of NRS B 4 for controlled BP (i.e.,
none/mild pain using the verbal rating scale). In
the literature, Webber et al. also used the same
cutoff for their BTcP diagnostic algorithm reli-
ability study [10]. In the latter study, the algo-
rithm’s sensitivity was limited using the ‘‘mild’’
cutoff to define controlled BP and increased
(while specificity strongly decreased) when the
cutoff level was moderate BP. Our study showed
that the IQ-BTP has satisfactory values for both
specificity and specificity with the adopted
controlled BP cutoff (see below). We believe
that higher cutoff scores for controlled BP pre-
clude the efficacy of the therapy for the BP and
thus are incompatible with BTcP presence.

The presence of all prerequisite elements is
suggestive to the caregiver that the patient can
be considered as having potential-BTcP pres-
ence; however, this is not a sufficient basis for
therapeutic or clinical decisions. The frequency
and duration of flairs are crucial aspects for BTcP
recognition and have a strong relevance for
therapeutic decisions. Thus, any evaluation of
the likelihood of BTcP based on the quantitative
features of flairs may help caregivers in their
clinical decision-making. ROOs, notably with a
limited number of allowed daily administra-
tions and brief action, are the recommended
medications for BTcP. However, the treatment
of potential-BTcP with flairs of high frequency
([6), long duration ([60 min), or both will be
incompatible with the known pharmacological
features of the mentioned ROOs. Discriminative
items used by the IQ-BTP to classify the BTcP
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likelihood are the daily frequency of flairs (\7/
24 h) and the duration of flairs (B 30–60 min).
Accordingly, among patients who potentially
experience BTcP, the latter’s likelihood is high
when both the defined discriminative items are
present; intermediate if only one is present, and
low if none of them are present [18, 19].

Clinical prognosis infers the risk of outcomes
in people with a given health condition and
provides health stakeholders with reliable evi-
dence for decision-making and cost-effective-
ness of care [32]. It is reasonable to speculate
that for BTcP of high likelihood, the congruent
treatment would be with ROOs. An intermedi-
ate or low likelihood of BTcP imposes careful
evaluation of the opportunity to use short-act-
ing opioids (SAO; e.g., oral morphine sulfate) or
to ameliorate the ATC opioid regimen, respec-
tively [18, 19]. These observations support the
interpretability of the IQ-BTP as clinicians can
assign clinically understood connotations to
the IQ-BTP’s outcomes [26]. Indeed, our find-
ings show that practicing physicians considered
the IQ-BTP to be ‘Much’/‘Very much’ helpful for
BTcP diagnosis in 86.2% of the evaluations and
the BTcP likelihood classification to be a useful
guide for its treatment in 94.4% of the cases.

Support for the IQ-BTP face and content
validity comes from several sources. First, the
panel of 12 experts found the questionnaire’s
items to be comprehensive, comprehensible,
and relevant to the underlying construct and to
be adequate. By consensus, the panel prelimi-
narily adjusted the first item on the IQ-BTP to
include pain treatment in the past 3–7 days
with the intention to classify a pain patient.
Indeed, a patient can report limited or no BP
because of an ongoing efficacious pain treat-
ment; however, this condition is still suscepti-
ble for BTcP to occur. Secondly, we found that
the IQ-BTP adequately reflected the construct to
be measured. Indeed, IQ-BTP items were signif-
icantly associated with IQ-BTP classes. The CVR
was positive and[ 0.5, and the agreement (rate
and Cohen’s j between gold standard and IQ-
BTP outcomes was high.

Evidence for the construct validity hypothe-
ses of the IQ-BTP comes from the PCA, the
strength of correlation between its classes and
the BPI items, meaningful changes between

relevant subgroups, cross-cultural valid-
ity\measurement invariance, and responsive-
ness. Following our operational case definition
and the construct hypothesis, IQ-BTP items
loaded on two factors in the PCA. The first fac-
tor, which can be named ’flairs’ features,’
included items relative to the presence, dura-
tion, frequency, predictability, and causes of
flares. The second factor, called ‘BP features,’
included items relative to opioid use, BP, and
EODF presence.

Correlations between BPI items and the BTcP
classes were significant but of mild or poor
strength (mean q values 0.200). Such a low
strength of correlation is evidence of the two
measures being of a different construct [20, 22].
Both measures are a two-factor model; however,
they differ by the items these factors load and
thus they measure unrelated constructs. The BPI
factors load pain intensity and pain interference
with quality of life (QoL) items, respectively;
BPI does not include items essential for the
diagnosis of BTP [6, 18] (e.g., BP treatment,
EODF, or quantitative features of flairs). The IQ-
BTP’s two factors, unlike the BPI, include these
items and objectively assess them. This differ-
entiation between the two measures explains
their poor correlation and confirms the auton-
omous construct of the IQ-BTP. Interestingly,
correlations between IQ-BTP items and BTcP
classes were significant and of high strength
(mean q value 0.712). The different strength of
correlations between the IQ-BTP classes and the
two measures (BPI and the IQ-BTP) further
support their distinct constructs and hence the
validity of the IQ-BTP construct.

Meaningful differences between the IQ-BTP
classes (i.e., relevant subgroups) were shown for
all scores of the BPI items. In CP literature, the
concept of minimal clinically important change
(MCIC) is used to describe clinically significant
improvements in pain scores (e.g., using the
NRS) following congruent treatment. Aside
from significant differences, MCIC requires a
change of C 2 points in comparisons of NRS
scores [33, 34]. Indeed, for all BPI items, the
mean scores of the potential-BTcP class were
significantly higher than those of the no-BTcP
class. In particular, for the BPI item ‘worst pain
in the past 24 h,’ relevant for BTcP patients, and
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‘dynamic pain,’ an often cause of BTcP, the
difference between the two IQ-BTP classes was
C 2 points. These results confirm meaningful
changes between relevant IQ-BTP subgroups—
i.e., patients with expected high (potential-
BTcP) versus low (no-BTcP) levels of the con-
struct of interest.

Cross-cultural validity is evaluated in the IQ-
BTP by assessing whether the scale is measure-
ment invariant. MI refers to whether respon-
dents from different groups with the same
latent trait level respond similarly to a particular
item [20]. We evaluated whether the rates of the
IQ-BTP classes are similar within the genders
subgroups (male vs. female). The null hypoth-
esis was that ordinal logistic regression would
show that the class rates of the IQ-BTP differ
between gender groups (i.e., the predictor vari-
able gender [females] significantly contributes
to the model). As the null hypothesis was
rejected, potential-BTcP rates within the male
and female subgroups were similar, supporting
the IQ-BTP’s MI and its cross-cultural validity.

A measure’s criterion validity refers to the
degree to which its scores are an adequate
reflection of a gold standard [20]. We assumed
as gold standard the independent physician’s
judgment for the presence of BTcP. The AUC of
the correlation between the gold standard and
the IQ-BTP classes was[ 0.70 (AUC 0.776), thus
confirming the IQ-BTP’s criterion validity and
responsiveness (see below). The sensitivity and
specificity of the IQ-BTP may further support its
criterion validity. The IQ-BTP showed satisfac-
tory values of sensitivity (69%), specificity
(86%), PPV (62%), and NPV (75%), with shallow
M values. Sensitivity refers to the test’s true
positive rate, while specificity refers to its true
negative rate. Our results confirm the ability of
the IQ-BTP to detect (or rule out) BTcP presence.
Prior probability estimates the congruency of
the IQ-BTP with the clinical context in which it
was assessed. PPV and NPV describe the likeli-
hood of the condition of interest given the
positive or negative test result, respectively. Our
results show that the population in which the
IQ-BTP was tested represents the clinical con-
text in which the test is to be applied, and the
studied cohort (i.e., patients with cancer pain)
was congruent with the test. To our knowledge,

this is the first time that the sensitivity and
specificity features of a BTP diagnostic tool has
been reported.

Evidence for the reliability of the IQ-BTP
comes from its internal consistency and the ICC
analyses. We found that both Cronbach’s a and
ICC are 0.766. Reliability is considered to be
acceptable when both Cronbach’s a and ICC are
[0.7 [20, 23, 24]. As both values are[0.70, the
IQ-BTP reliability is supported.

Measure responsiveness refers to the ability
of the construct to be measured to detect
change over time [20] and is less relevant when
an instrument, such as the IQ-BTP, is used as a
diagnostic instrument. This measure can be
assessed in situations in which a gold standard
is available and tests hypotheses on expected
differences in changes between subgroups.
Comparing a measure to a gold standard is
considered as evidence for the criterion
approach for responsiveness. In this study, we
compared the IQ-BTP outcomes (IQ-BTP classes)
with the gold standard.

An outcome measure can be described by its
clinical capacity to correctly identify individu-
als who present an important clinical change
against an external standard for change [35].
Thus, the test’s sensitivity and specificity may
describe its responsiveness to change. Sensitiv-
ity and specificity evaluate the measure’s
capacity to reflect differences in the change
between groups regarding the external gold
standard (presence/absence of BTcP). Further,
the AUC expresses the instrument’s discrimi-
native ability or the probability of correctly
classifying both those patients who show BTcP
and those who do not. AUC provides a broad
vision of the relationship between a measure
and an external standard for change. The sen-
sitivity and specificity of the IQ-BTP, meaning-
ful differences in the scores of BPI items
between subgroups (IQ-BTP patient classes), and
AUC outcomes confirm the IQ-BTP’s criterion
validity and responsiveness.

Study’s Limitations

Construct validity in this study was based,
among others, on the strength of the
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correlation between IQ-BTP classes and the BPI,
i.e., tools with a dissimilar construct. In the
literature, correlation with tools measuring
similar constructs may provide more evidence
than correlation with tools measuring dissimilar
constructs [20]. We chose the BPI, a worldwide
used and well-validated pain assessment tool,
although one with a dissimilar construct, as the
literature on well-validated diagnostic tools for
BTcP is limited and may hinder quantitative
comparisons [7].

The study does not include a structural
analysis. Indeed, structural validity is only rel-
evant for tools that are based on a reflective
model. The IQ-BTP items are not interchange-
able nor highly correlated. As the IQ-BTP items
together form the IQ-BTP construct, the
underlying model is a formative one. In the
latter model, structural validity is not relevant
[20]. We also did not perform the IQ-BTP’s
measurement error analysis. The latter is the
error in a participant’s score that is not
attributable to the construct being measured; it
is analyzed by assessing outcomes over time in
patients with stable health status [20]. As in this
study, the latter could not be guaranteed over
time, we omitted this analysis.

CONCLUSIONS

The IQ-BTP has undergone extensive formal
validation and shown satisfactory psychometric
and validation properties. We have demon-
strated its content, face, construct, and criterion
validities and its reliability, interpretability, and
responsiveness. Using the IQ-BTP in cancer
patients enables potential-BTcP to be identified
and differentiated into three likelihood classes
with direct therapeutic and epidemiological
implications. The latter may be confirmed in
future studies.
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