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Abstract
Purpose: Even when index pain (pain caused by the irradiated tumor) is palliated after radiation
therapy (RT), patients may not derive the full benefits of RT in the presence of another, more
intense pain. In this case-control study with prospectively collected data, we sought to identify
predictors of the predominance of nonindex pain after palliative RT.
Methods and Materials: Brief Pain Inventory data were collected from patients who received RT
for painful tumors. The treating radiation oncologists prospectively evaluated the intensity and
origin of nonindex pain. Patients were diagnosed with predominance of other pain (POP) if
nonindex pain of malignant or unknown origin was present and had a greater worst pain score than
the index pain at the 1- or 2-month follow-up. Changes in pain interference from baseline to
follow-up were compared between the 2 groups using Mann-Whitney U tests. Using variables that
were identified as significant in a multivariable logistic regression analysis, we developed a
prediction model for POP.
Results: Of the 170 patients whowere evaluable at the 2-month follow-up, 24 (14%) were diagnosed
with POP. At the 2-month follow-up examination of the patients with POP, none of the items of the
pain interference scores were reduced from baseline; in contrast, patients without POP experienced
significant reductions in all items. Multivariable analysis using the backward elimination method
indicated that age �65 years, the presence of nonindex pain of malignant or unknown origin at
baseline, and no opioid analgesic use at baseline were significant independent predictors of POP. As
the number of the risk factors increased, the proportion of patients with POP increased.
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Conclusions: We identified three predictors of POP. For patients likely to have POP, careful
follow-up is important, and new palliative RT or analgesics should be used when needed.
� 2018 The Author(s). Published by Elsevier Inc. on behalf of American Society for Radiation
Oncology. This is an open access article under the CC BY-NC-ND license (http://
creativecommons.org/licenses/by-nc-nd/4.0/).
Introduction

Pain response after radiation therapy (RT) is assessed
using the intensity of the index pain (pain caused by the
irradiated tumor).1 Patients with cancer often have more
than 1 pain location.2-4 Even when the index pain from the
irradiated tumors is controlled, new pain from tumors
outside of the irradiated area may have a negative effect in
terms of the interference of pain in the patient’s life and
may negatively affect quality of life.5 To our knowledge
there are no data regarding the frequency or causes of
nonindex pain in patients treated with palliative RT. Pre-
dictors of the presence of nonindex pain are also unknown.

In the present study we set an endpoint to detect a sit-
uation in which patients cannot derive full benefit from
palliative RT. For instance, when an index pain score of 8 is
reduced to 3 after RT and other pain with a score of �3 is
simultaneously present, the patient may derive the full
benefit from RT; the 5-point decrease in the patient’s pain
score may be beneficial. In contrast, when the index pain
score of 8 is reduced to 3 after RT and other pain with a pain
score of 6 is simultaneously present, the patient may not
receive the full benefit from RT; the 2-point (and not 5-
point) decrease in the pain score may be beneficial to the
patient. Accordingly, we presumed the presence of a ma-
lignant pain with greater intensity than the index pain after
RT to be the relevant endpoint. In a secondary analysis of
our prospective observational study, we sought to identify
predictors of the predominance of pain other than the index
pain after palliative RT. Another objective was to evaluate
the influence of such predominance of nonindex pain on
pain interference with daily life.
Methods and Materials

Patients and study design

We used the data from our previously published pro-
spective observational study6 in this secondary study. The
primary study included 302 analyzable patients for whom
RT was planned for painful tumors, with the aim of
identifying the predictors of pain response. The treatment
was performed with palliative intent for 237 of these 302
patients (Fig 1). RT was defined as palliative if the pri-
mary purpose of treatment was pain relief or if the radi-
ation field did not cover all of the tumors identified by
diagnostic imaging.6 After the exclusion of 67 patients
who were not evaluable, 170 patients who were evaluable
at 2 months of follow-up were included in the present
study. This secondary study was approved by the
participating centers’ institutional review boards; we
received written informed consent from all of the patients
who were enrolled in the primary study. In the present
case-control study, cases (patients with predominance of
other pain [POP]) and controls (patients without POP)
were enrolled at the 2-month follow-up evaluation;
baseline characteristics of the participants were assessed
to identify factors that could lead to POP.

Follow-up and evaluation

The primary study previously reported how the pa-
tients were followed up and evaluated.6 In brief, at
baseline, the treating radiation oncologists identified the
index pain (pain caused by the irradiated tumor) using a
physical examination and diagnostic imaging. The Brief
Pain Inventory (BPI) short form was used to evaluate the
intensity of pain and the interference of pain in the pa-
tient’s life using an 11-point scale.7 Patients rated their
worst pain in the previous 3 days (in terms of index pain,
and nonindex pain if present). Pain interference was
evaluated with 7 subscales: general activity, mood,
walking ability, normal work, relations with other people,
sleep, and enjoyment of life. The BPI data and analgesic
data were collected at baseline and at 1 month (�7 days),
2 months (�7 days), and 3 months (�7 days) after the
start of RT. The pain response in terms of index pain was
assessed using the International Consensus Endpoint for
clinical trials in bone metastases.1 Patients who received
RT for painful tumors were categorized as responders or
nonresponders. Responders included patients who expe-
rienced complete and partial responses. A complete
response was defined as an index pain score of 0 with no
increase in the daily oral morphine equivalent dose
(OMED).1 A partial response was defined as a reduction
of the pain score of �2 points without an increase in
OMED or a reduction in analgesic use of �25% without
an increase in the pain score.1

Assessment of pain other than the index pain

At baseline and at follow-up, the treating radiation on-
cologists prospectively evaluated whether the patients had
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Figure 1 Flow diagram of the study cohort. In the present case-control study, cases (patients with predominance of other pain) and
controls (patients without it) were enrolled at the 2-month follow-up evaluation.
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pain other than the index pain; for the patients with this
pain, they recorded its intensity (the worst pain in the
previous 3 days) and origin. When more than 1 nonindex
pain was present, the pain of the greatest intensity was
recorded. Nonindex pain was classified as pain having a
malignant (tumor-related), unknown, or benign origin or as
treatment related. POPwas defined to detect the situation in
which there was nonindex pain ofmalignant origin that was
more intense than the index pain. Pain of unknown origin
was treated as malignant pain because tumor-related ma-
lignant pain is often not identified by, or not evaluated by,
diagnostic imaging. Therefore patients were diagnosed
with POP if nonindex pain of a malignant or unknown
origin was present and had a greater worst pain score than
the index pain at the 1- or 2-month follow-up. When the
treating radiation oncologists were uncertain whether the
reported pain was related to the index tumor in patients
evaluated by mail or fax, they telephoned the patients to
distinguish between index and nonindex pain.

Statistical analysis

Patient characteristics were analyzed using Mann-
Whitney U tests for continuous variables and Fisher
exact tests for categorical variables. We treated Eastern
Cooperative Oncology Group performance status (�1 vs
>1) and worst pain score at baseline (�7 vs >7) as binary
variables and age and total radiation dose as continuous
variables. Changes in pain intensity, pain interference, and
opioid analgesic dose from baseline to 2-month follow-up
were compared between the patients with POP and those
without POP using Mann-Whitney U tests. Pain response
rate was compared between the 2 groups using a Fisher
exact test. Overall survival, calculated from 2 months of
follow-up, was estimated using the Kaplan-Meier method;
differences were determined with the log-rank test.

To identify factors associated with POP, we performed
multivariable regression after univariable logistic regres-
sion analysis using the backward elimination method with
a P < .05 criterion for retention. In the logistic regression
analysis, age and total radiation dose were dichotomized
at their median values. Using the variables significant in
multivariable logistic regression analysis, we developed a
prediction model for POP; we assigned risk scores based
on the odds ratios of the variables. Discrimination of the
prediction model was evaluated using the receiver oper-
ating characteristic (ROC) curve.

All tests were two-tailed; P < .05 was considered
significant. All statistical analyses were performed with
SPSS software Version 24 (IBM Corp, Armonk, NY).
Results

Patients

We analyzed 170 patients treated with palliative intent
and evaluable at the 2-month follow-up (Fig 1; Table 1).
At baseline, of the 29 patients who had nonindex pain, 24
had nonindex pain of malignant or unknown origin



Table 1 Baseline patient characteristics

Characteristic

Included
(n Z 170)

Excluded
(n Z 67)

P*n % n %

Age, y .14
Median 65 70
Range 21-91 35-89

Sex .008
Female 78 46 18 27
Male 92 54 49 73

ECOG performance status .001
0 27 16 6 9
1 75 44 18 27
2 48 28 25 37
3, 4 20 12 18 27

Irradiated tumor .84
Solid tumor 146 86 57 85
Hematologic tumor 24 14 10 15

Worst pain score for the index painy at baseline .061
1-2 5 3 2 3
3-4 29 17 6 9
5-7 61 36 20 30
8-10 75 44 39 58

Neuropathic component of the index painy .45
No 110 65 47 70
Yes 60 35 20 30

Nonindex pain of malignant or unknown origin at baseline .55
No 146 86 55 82
Yes 24 14 12 18

Opioid analgesic use at baseline .009
No 84 49 20 30
Yes 86 51 47 70

Adjuvant analgesic use at baseline .76
No 111 65 42 63
Yes 59 35 25 37

Total radiation dose, Gy .014
Median 30 30
Range 8-50 6-60
�10 25 15 13 19
10-20 25 15 13 19
20-30 70 41 32 48
>30 50 29 9 13

Abbreviation: ECOG Z Eastern Cooperative Oncology Group.
* Mann-Whitney U test or Fisher exact test.
y Pain caused by the tumor scheduled to receive radiation therapy.
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(Table 2). In the primary study, patients were excluded if
they had another tumor with more severe pain than the
one scheduled to receive RT; accordingly, at baseline, all
nonindex pain had lower pain scores than the index pain.

Pain other than the index pain

The causes of nonindex pain are presented in
Table 2. At the 1- or 2-month follow-up, 35 patients had
some nonindex pain with a higher pain score than the
index pain. After we excluded 11 patients whose
nonindex pain was benign or treatment related, 24
(14%) had nonindex pain of malignant or unknown
origin that had greater pain intensity than the index
pain; they were diagnosed with POP (Table 1). For the
patients who experienced POP, the median worst pain
score was 2 (interquartile range, 0-3.25) for the index
pain and 4 (interquartile range, 2.5-6.5) for the nonindex
pain at the 1-month follow-up; at the 2-month follow-
up, the median worst pain score was 1.5 (interquartile
range, 0-4) for the index pain and 8 (interquartile range,
5-8.75) for the nonindex pain.



Table 2 Pain other than the index pain*

Cause of pain

Baseline
(n Z 170)

1-month follow-up
(n Z 163)

2-month follow-up
(n Z 170)

No. % No. % No. %

Malignant (tumor related) 19 11 11 7 17 10
Solid tumor 14 8 9 6 14 8
Hematogenous metastasis 10 6 6 4 8 5
Bone metastases 9 5 4 2 5 3
Other 1 1 2 1 3 2

Lymph node metastasis 2 1 1 1 1 1
Pleural dissemination 1 1 2 1 2 1
Other 1 1 0 0 3 2

Hematologic tumor 5 3 2 1 3 2
Unknown 5 3 9 6 14 8
Benign 5 3 2 1 8 5
Treatment related 0 0 7 4 3 2
Radiation related 0 0 6 4 2 1
Other treatment related 0 0 1 1 1 1

* Pain caused by the tumor scheduled to receive radiation therapy.
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Pain response

At the 2-month follow-up, for the patients with POP
and those without POP, the mean change in worst pain
score (in terms of the index pain) from baseline (ie,
follow-up minus baseline) was �3.83 (95% confidence
interval [CI], �5.28 to �2.38) and �3.98 (95% CI, �4.49
to �3.47), respectively (P Z .79; Fig 2). For the patients
with POP and those without POP, the per-protocol pain
response rate for the index pain was 42% and 57%,
respectively, at the 2-month follow-up (P Z .19).

Of the 24 patients who experienced POP, 9 (38%)
received secondary palliative RT for tumors causing non-
index pain at a median interval of 54 days (range, 19-231
days) after the initiation of the primary RT courses. Of the 9
patients who received secondary RT, 5 were evaluable
within 3 months from the start of the secondary RT; 1 pa-
tient experienced a pain response, and the other 4 did not.

Opioid analgesic use

At the 2-month follow-up, for the patients with POP
and those without POP, the mean change in daily OMED
from baseline (ie, follow-up minus baseline) was 21.5 mg
(95% CI, 8.2-34.7 mg) and 1.2 mg (95% CI, �5.7 to 8.1
mg), respectively (P Z .005; Fig 2).

BPI pain interference scores

At the 2-month follow-up, for the patients with POP
and those without POP, the mean change in pain inter-
ference scores from baseline (ie, follow-up minus base-
line) was 0.86 (95% CI, e1.15 to 2.88) and e3.31 (95%
CI, �3.98 to �2.64) for general activity (P < .001); 1.32
(95% CI, �0.47 to 3.11) and �3.21 (95% CI, �3.91 to
�2.50) for mood (P < .001); 0.86 (95% CI, �1.15 to
2.88) and �2.94 (95% CI, �3.62 to �2.26) for walking
ability (P < .001); �0.25 (95% CI, �2.49 to 1.99) and
�3.18 (95% CI, �3.93 to �2.44) for normal work (P Z
.007); �1.27 (95% CI, �3.56 to 1.02) and �2.50 (95%
CI, �3.15 to �1.86) for relations with other people (P Z
.38); 1.36 (95% CI, �1.04 to 3.77) and �2.15 (95% CI,
�2.77 to �1.53) for sleep (P Z .001); and 0.14 (95% CI,
�2.30 to 2.58) and �3.10 (95% CI, �3.87 to �2.33) for
enjoyment of life (P Z .005), respectively (Fig 2). At the
2-month follow-up, patients with POP did not have a
reduction in any item of the pain interference scores from
baseline (Fig 2). In contrast, patients without POP expe-
rienced significant reductions in all items of the pain
interference scores from baseline (Fig 2). The changes in
pain interference scores from baseline to the 2-month
follow-up were significantly different between the pa-
tients with POP and those without POP for all items
except relations with other people.

Survival

Median follow-up of censored patients was 7.4
months. The median overall survival for all patients was
9.4 months (95% CI, 7.5-11.3 months). The median
overall survival for the patients with POP was 3.5 months
(95% CI, 2.7-4.3 months), and it was 10.2 months (95%
CI, 7.9-12.5 months) for those without POP (P < .001).

Predictors of POP

Univariable logistic regression analysis indicated that
age �65 years, the absence of a neuropathic component



Figure 2 Pain intensity (in terms of the index pain), pain interference, and opioid analgesic dose at baseline and 2-month follow-up
The error bars indicate the 95% confidence intervals. Asterisks indicate a significant difference between baseline values and 2-month
follow-up values. Abbreviation: OMED Z oral morphine equivalent dose.
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of the index pain, the presence of nonindex pain of
malignant or unknown origin at baseline, and no opioid
analgesic use at baseline were significant predictors of
POP (Table 3). Multivariable analysis using the backward
elimination method indicated that age �65 years, the
presence of nonindex pain of malignant or unknown
origin at baseline, and no opioid analgesic use at baseline
were significant independent predictors. The odds ratios
of these 3 risk factors identified in multivariable logistic
regression analysis were 3.00 to 4.29. Thus a prediction
model for POP was developed using the simple method of
counting the number of risk factors (Fig 3). As the
number of the risk factors increased, the proportion of
patients with POP increased (Fig 3). The area under
Table 3 An analysis to identify the predictors of predominance of o

Variable

Uni

OR

Age �65 y
No 1.0
Yes 3.6

Sex
Female 1.0
Male 1.8

ECOG performance status
0, 1 1.0
2-4 0.7

Irradiated tumor
Solid tumor 1.0
Hematologic tumor 1.7

Bone involvement by the tumor
No 1.0
Yes 0.7

Worst pain score for the index painy at baseline
0-7 1.0
8-10 0.5

Neuropathic component of the index painz

No 1.0
Yes 0.2

Nonindex pain of malignant or unknown origin at baseline
No 1.0
Yes 4.0

Without opioid analgesic use at baseline
No 1.0
Yes 3.6

Without adjuvant analgesic use at baseline
No 1.0
Yes 2.2

Total radiation dose > 30Gy
No 1.0
Yes 1.5

Abbreviations: ECOG Z Eastern Cooperative Oncology Group; OR Z odd
Multivariable analysis was performed using the backward elimination metho

* When some other pain of malignant (tumor-related) or unknown origin
y Logistic regression analysis.
z Pain caused by the tumor scheduled to receive radiation therapy.
the ROC curve for our model was 0.77 (95% CI,
0.67-0.87; P < .001).
Discussion

We found that patients with nonindex pain more intense
than the index pain after RT did not experience improve-
ment in pain interference from baseline. Significant pre-
dictors of such a predominance of nonindex pain were
younger age, the presence of nonindex pain of malignant or
unknown origin at baseline, and no opioid analgesic use at
baseline. Based on the area under the ROC curve, our
prediction model had moderate discriminative ability.
ther pain* after radiation therapy for painful tumors (n Z 170)

variable analysisy Multivariable analysisy

95% CI P OR 95% CI P

0 (reference) 1.00 (reference)
9 1.44-9.44 .007 3.00 1.12-8.05 .029

0 (reference)
4 0.74-4.57 .19

0 (reference)
2 0.29-1.78 .47

0 (reference)
6 0.59-5.27 .31

0 (reference)
4 0.27-2.04 .57

0 (reference)
9 0.24-1.46 .26

0 (reference)
2 0.06-0.78 .019

0 (reference) 1.00 (reference)
6 1.50-10.99 .006 4.24 1.40-12.85 .011

0 (Reference) 1.00 (reference)
4 1.37-9.69 .010 4.29 1.49-12.35 .007

0 (reference)
3 0.79-6.32 .13

0 (reference)
4 0.62-3.79 .35

s ratio; CI Z confidence interval.
d with a P < .05 criterion for retention.
was more intense than the index pain.



Figure 3 Number of the risk factors for the predominance of
other pain. Patients were diagnosed with predominance of other
pain if nonindex pain of malignant or unknown origin was
present and had greater pain score than the index pain at 1- or 2-
month follow-up. Abbreviation: POP Z predominance of other
pain.
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For patients who have more than one pain simulta-
neously, the most intense pain would determine the pain
interference with daily life and quality of life. Therefore,
even when the index pain caused by the irradiated tumor
is palliated after RT, patients cannot derive full benefits
from RT under the presence of another, more intense pain.
We found that in patients with POP, the opioid analgesic
dose significantly increased after RT; more analgesics
would have been needed to control the nonindex pain.8

This increase in analgesic use may lower the pain
response rate of POP patients, although we could not test
the statistical significance of the difference in response
rate between the POP and non-POP patients with suffi-
cient statistical power.

In palliative RT for painful tumors, uncontrolled index
pain may be caused by a tumor’s low sensitivity to ra-
diation or low RT dose; in contrast, deterioration of pain
other than the index pain may be caused by rapid systemic
tumor growth or suboptimal target selection. Assessment
of both index and nonindex pain would be essential for a
more personalized treatment strategy for palliating tumor-
related cancer pain.

We found that significant predictors of the predom-
inance of nonindex pain were younger age, the presence
of nonindex pain of malignant or unknown origin at
baseline, and no opioid analgesic use at baseline. A past
study investigating the influence of age on pain char-
acteristics in cancer patients found that there was a
trend toward younger patients having more pain
locations,9 which is consistent with our results. The
difference in age may also reflect the differences in
metastatic patterns of cancers that have different in-
cidences based on age. However, we could not draw
any specific conclusions regarding this based on the
results of the present study. The influence of age on the
number of pain locations and on systemic progression
of cancer pain should be investigated in further studies.
In patients who taking opioid analgesics, the analgesics
may sometimes mask some nonindex pain even if it is
present. In patients who do not take opioid analgesics at
baseline, pain other than the index pain may tend to
emerge clinically. For patients more likely to experi-
ence predominance of nonindex pain, careful follow-up
after RT is important, and new intervention with
palliative RT or analgesics should be considered when
needed.

We found that patients with nonindex pain more
intense than the index pain after RT had worse survival
than those without it. Systemic progression of malignant
pain may reflect high systemic tumor burden and there-
fore may be associated with worse prognosis.

As a limitation of the study, the attrition rate was
relatively high and not all of the patients who received
palliative RT could be analyzed. The second limitation
is the small sample size, particularly that of patients
with POP. Further, larger studies examining patients
with various patient and pain characteristics are war-
ranted. Third, in this observational study in which there
was no intervention for research purposes, we could
not explain why nonindex pain was not better treated
by the treating physician by offering RT for nonindex
tumors or changing analgesia regimens. Our findings
may reflect underlying clinical practice patterns.
Finally, our prediction model should be validated in
future studies. A temporal validation with data from our
facilities or an external validation with independent
data from other facilities would be necessary to confirm
our results.

In conclusion, patients with pain more intense than
the index pain after RT did not experience improvement
in pain interference. We would like to emphasize that
even patients with POP may benefit from RT. Without
RT, the index lesion might have caused more problems.
Evaluation of other pain in addition to the index pain
will contribute to a more personalized strategy for
palliating tumor-related pain. The present study may be
the first to investigate pain other than the index pain for
patients who receive palliative RT. To our knowledge,
the predominance of pain other than the treated pain has
not been investigated for other local pain treatments
such as nerve blocks or vertebroplasty. Further studies
investigating the frequency, clinical relevance, and
predictors of the predominance of nonindex pain are
warranted.
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