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Neuropathic pain feature in cancer-induced bone
paig: does it matter? a prospective observational
stuady

Nantthasorn Zinboonyahgoon and Choopong Luansritisakul

Department of Anesthesiology, Faculty of Medicine Siriraj Hospital, Mahidol University, Bangkok, Thailand

Background: Cancer-induced bone pain (CIBP) is considered to have both nociceptive and neuropathic components.
However, the prevalence, risk factors, and impact of the neuropathic components are yet poorly understood.
Methods: We estimate the prevalence of neuropathic pain (NP) features in patients with CIBP at a tertiary care
pain clinic setting using the Douleur Neuropathique 4 questionnaire and evaluate their associated factors and
their impact after 4 weeks of treatment using the Brief Pain Inventory questionnaire and the Edmonton Symptom
Assessment System.

Results: A total of 133 patients were recruited. The estimated prevalence of NP was 30.8% (95% confidence
interval: 23.6%-39.1%). Initially, the patients with NP had significantly higher average pain scores (6.00 vs. 5.05,
P = 0.006), higher total interference scores (5.84 vs. 4.89, P = 0.033), and symptom distress scores (35.88 vs.
26.52, P = 0.002). After 4 weeks of treatment, patients in both groups reported significantly decreased pain
intensity and improved quality of life. However, the patients with NP still reported significantly higher average pain
(4.61 vs. 3.58, P = 0.048), trending toward higher total interference scores (3.52 vs. 2.99, P = 0.426), and symptom
distress scores (23.30 vs. 20.77, P = 0.524). From multivariate analysis, the independent risk factors for NP were
younger age, pain in the extremities, and higher average pain scores.

Conclusions: NP are common in patients with CIBP. These conditions negatively affect pain intensity and the
patient’s quality of life before and after treatment.
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INTRODUCTION the patients. In the majority of patients, bone metastasis

is usually symptomatic, and pain is considered one of the
Metastatic bone disease is a common problem in can- most frequent symptoms experienced by these patients.
cer patients, with high incidence in multiple myeloma, It is estimated that severe pain, experienced by 50%-84%

breast, prostate, thyroid, kidney, and lung cancer [1]. It of patients with bone metastasis [2,3], is a common cause
often substantially affects quality of life and survival of of hospital admissions and is associated with increased
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morbidity, impaired performance status, and decreased
quality of life.

Even though nociceptive pain caused by mediators
produced from tumor and inflammatory cells is thought
to be a major component of metastatic bone pain [4], cur-
rent evidence also demonstrates that neuropathic mech-
anisms play an important role in the pathophysiology of
cancer-induced bone pain (CIBP). In animal models, it
was shown that primary afferent nerve fibers innervating
bone marrow and mineralized bone were injured by the
invading cancer cells [5]. This was also accompanied by
several neurochemical changes which had been reported
following peripheral nerve injury in non-cancer subjects
[6,7]. These mechanisms cause metastatic bone pain re-
fractory to standard pain treatment.

At present, there are several studies attempting to
examine the prevalence of neuropathic pain features
in bone metastases [8-11]. Since they were conducted
mainly in palliative radiotherapy clinics, their results can-
not be generalized to other settings. To our knowledge,
none of them were performed in a pain clinic setting. In
addition, the results from those previous studies were
still inconsistent, and only a few of them focused on
the symptom burden associated with neuropathic pain
features in terms of pain severity and functional interfer-
ence. Moreover, none of the studies has evaluated the
subsequent impact of neuropathic pain features in CIBP.

The primary objective of our study was to estimate
the prevalence of neuropathic pain features in patients
with CIBP in a pain clinic setting using the Douleur Neu-
ropathique 4 (DN4) questionnaire. The secondary objec-
tives were to evaluate their associated risk factors and to
assess their effects on patient’s functions and common
symptoms in cancer patients by using the Brief Pain In-
ventory questionnaire (BPI) and the Edmonton Symptom
Assessment System (ESAS) at baseline and 4 weeks later.

MATERIALS AND METHODS

Our study was a prospective cross-sectional study con-
ducted between January 2019 and December 2020 at
the pain clinic of Siriraj Hospital, a tertiary care teaching
hospital in Bangkok, Thailand. The ethical approval was
obtained from the Faculty of Medicine Siriraj Hospital,
Mabhidol University Institutional Review Board (CoA no.
545/2560 [EC4]). Written informed consent was obtained
from all participants before participating in the study.
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1. Patient population

All participants were 18 years old or older. Patients re-
ferred to our pain clinic and diagnosed with CIBP were
eligible. CIBP was diagnosed when the patients had
pain corresponding with radiographic evidence of bone
metastasis (bone scintigraphy, single-photon emission
computed tomography, computerized tomography, or
magnetic resonance imaging). Other potential causes of
pain, such as myofascial pain, were ruled out before the
diagnosis was made. The exclusion criteria were obvious
neurological involvement, such as spinal cord compres-
sion, cauda equina syndrome, or peripheral nerve com-
pression. Patients who had preexisting neurological defi-
cits in the same area of the CIBP or cognitive dysfunction
were also excluded.

2. Patient evaluation

Demographic data, information of relevant history, phys-
ical examination, investigation, clinical diagnosis, and
cancer treatment history were obtained from electronic
medical records. Any neurotoxic chemotherapy, radio-
therapy, or surgery at the area of the CIBP received within
a 6-month period before evaluation were noted. Data on
current analgesic medications, including adjuvants, such
as gabapentinoids, antidepressants, benzodiazepines,
and corticosteroids were collected. Treatment with
bisphosphonates within the previous 3-month period
was also noted.

The skeleton was classified into 5 regions: 1) skull; 2)
cervical-thoracic-lumbar spine; 3) pelvis including sa-
crum; 4) chest wall including rib, sternum, clavicle and
scapula; and 5) upper and lower extremities. The location
of the bone metastasis demonstrated by imaging study
and the most severe site of the CIBP were documented.

The patients were then assessed for the pain charac-
teristics of the most severe site and its impact. All par-
ticipants were asked to complete the DN4 [12], the BPI
[13], and the ESAS [14] at baseline and at 4 weeks later.
The DN4 is a ten-item questionnaire used for diagnos-
ing neuropathic pain, which is based on both the patient
being interviewed about pain quality (item 1 to 7) and a
physical examination performed by the physician (item 8
to 10). This questionnaire has been validated in the Thai
population [15]. Patients were considered to have neuro-
pathic pain features (neuropathic group) if the DN4 score
was equal to or more than 4. Patient’s satisfaction rated
on a 0-10 scale and side effects of current pain treatment
were also recorded. The BPI and ESAS questionnaire
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Fig. 1. CONSORT flow diagram.
| DN4: Douleur Neuropathique 4.

were completed by patients themselves and collected by
a research assistant who was blinded to the group alloca-
tion.

All patients received pain treatment from board-certi-
fied pain physicians who were blinded to group alloca-
tion, in the pain clinic of Siriraj Hospital. Treatment and
medication type as well as dose depended on the physi-
cians’ judgement, which was based on the World Health
Organization Guidelines for the pharmacological and ra-
diotherapeutic management of cancer pain in adults and
adolescents [16], and a patient’s condition.

3. Sample size calculation

According to a previous study by Lechner et al. [10], the
prevalence of neuropathic pain features in patients with
bone metastasis was 25.8%. One hundred and thirty-one
patients were required to provide a 95% confidence inter-
val (CI) with a precision of 7.5%.

4, Statistical analysis

All statistical analyses were performed using SPSS Sta-
tistics version 18 (SPSS Inc.). Descriptive statistics are
reported using mean + standard deviation (for normally
distributed data), and median and interquartile range
(for non-normally distributed data). Categorical data are
presented as frequency and percentage. Comparisons
between the two groups (either between the neuropathic
group and the non-neuropathic group or between base-

line and week 4) were performed using the Student’s t-
test for normally distributed continuous variables, the
Mann-Whitney U-test for non-normally distributed
continuous variables, and the Pearson chi-square test or
Fisher exact test for categorical variables. Multivariate
analysis was performed using binary logistic regression
model analysis to explore the relative contributions of
the various risk factors. The factors that produced a point
estimate at a P value of less than 0.1 in univariate analysis
were entered into multivariate regression analysis. The
adjusted odds ratio (OR) with 95% CI was calculated. A P
value of less than 0.05 was considered statistically signifi-
cant.

RESULTS

During the study period, there were 162 patients diag-
nosed with CIBP. Twenty-nine patients were excluded
according to the exclusion criteria, and 133 patients were
enrolled. A CONSORT diagram describing our study
protocol is shown in Fig. 1. The demographic data and
patient characteristics are presented in Table 1. The
mean age of the patients was 59.1 years, and 55.6% of
them were female. The most common cancers in our
study were lung (26.3%) and breast cancer (24.8%). Ex-
traosseous metastasis was found in 72.9% of patients. The
majority of patients (64.7%) had at least 3 regions of bone
metastasis, and the most frequently reported site of CIBP
was the pelvis at 33.1%. The median of the Karnofsky Per-
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Table 1. Demographics and patient characteristics

Patient characteristics Number of patients

(n=133)
Age (yr) 59.1+11.5
Weight (kg) 575+ 12.9
Height (cm) 161.2 + 7.8
Sex, M/F 59/74 (44.4/55.6)
Primary cancer site
Lung 5(26.3)
Breast 3(24.8)
Prostate 1(8.3)
Head and neck 1(8.3)
Liver 0(7.5)
Others 3(24.8)
Extraosseous metastasis 7 (72.9)
Lung 3(47.4)
Liver 5 (26.3)
Brain 0 (7.5)
Others 9 (44.4)
Number of regions of bone
metastasis
1 18 (13.5)
2 29 (21.8)
>3 86 (64.7)
Dominant site of bone pain
Pelvis 44 (33.1)
Spine 35 (26.3)
Chest wall 35 (26.3)
Extremities 16 (12.0)
Skull 3(2.3)
Time from diagnosis of cancer to 20.3 (5.7, 53.7)
evaluation (mo)
Time from diagnosis of bone 2.7 (0.8, 10.2)
metastasis to evaluation (mo)
Karnofsky Performance Status (KPS)
score
80-100 60 (45.1)
60-70 56 (42.1)
<50 17 (12.8)
Values are presented as mean + standard deviation, number (%), or me-

dian (P25, P75).
P25: percentile 25, P75: percentile 75.

formance Status score was 70, with P25 of 60 and P75 of
80.

The majority of patients in both groups received opi-
oid analgesics (88.0% in the non-neuropathic group and
92.7% in the neuropathic group), and morphine was the
most frequently used (42.4% in the non-neuropathic
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group and 46.3% in the neuropathic group). The median
oral morphine milligram equivalent dose was 25 mg in
the non-neuropathic group and 30 mg in the neuropathic
group. Gabapentinoids were prescribed 46.7% in the non-
neuropathic group and 39.0% in the neuropathic group.
All analgesics used by the patients in each group at the
time of evaluation are summarized in Table 2. There was
no statistical significance in the use of analgesic medica-
tions between the 2 groups.

1. Prevalence of neuropathic pain features

The estimated prevalence of neuropathic pain features in
this study was 30.8% (95% CI, 23.6% to 39.1%). The item-
ized response rates of DN4 are shown in Fig. 2. The most
common pain characteristics in the neuropathic group
were tingling (82.9%), followed by numbness (78.0%),
electrical shocks (75.6%), and pins and needles (75.6%),
respectively, while painful cold was the least frequent
symptoms at 17.1%. Sensitivity, specificity, predictive val-
ues, and likelihood ratios of each item of the DN4 ques-
tionnaire compared with the total DN4 scores are shown
in Table 3. Hypoesthesia to pinprick had the highest posi-
tive likelihood ratio.

2. Baseline BPI evaluation

The results of the BPI assessment are listed in Table 4.
In terms of pain severity and pain-related interference,
patients with neuropathic pain features reported sig-
nificantly higher average pain scores than those without
neuropathic pain features (6.00 vs. 5.05, respectively, P =
0.006). Additionally, BPI mean interference scores were
significantly greater in the neuropathic group compared
with the non-neuropathic group (5.84 vs. 4.89, respec-
tively, P = 0.033). Scores of all 7 items of pain interference
were less favorable in the neuropathic group; however,
only scores of relations with other people met the statisti-
cally significant difference (P = 0.050).

3. Baseline ESAS evaluation

Table 5 shows the results of ESAS assessment, patient’s
satisfaction, and adverse effects related to current pain
treatment. Patients with neuropathic pain features re-
ported significantly higher severity of various symptoms,
including tiredness, depression, anxiety, drowsiness, and
shortness of breath. Total symptom distress scores in the
neuropathic group were significantly higher than those in
the non-neuropathic group (35.88 vs. 26.52, respectively,
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Table 2. Summary of analgesic medications at the initial assessment

Non-neuropathic

Neuropathic group

Medications group (n = 92) (n = 41) Total (n = 133) P value

Opioids 81 (88.0) 38(92.7) 119 (89.5) 0.549
Types of opioids
Strong opioids

Morphine 39 (42.4) 19 (46.3) 58 (43.6) 0.671

Fentanyl 3(3.3) 2(4.9) 5(3.8) 0.644

Methadone 1(1.1) (0.0) 1(0.8) 0.999
Weak opioids

Tramadol 46 (50.0) 20 (48.8) 66 (49.6) 0.897

Codeine 7(7.6) 2(4.9) 9(6.8) 0.721
Paracetamol 41 (44.6) 14 (34.1) 55 (41.4) 0.260
NSAIDs 11 (12.0) 6 (14.6) 17 (12.8) 0.669
Gabapentinoids 43 (46.7) 16 (39.0) 59 (44.4) 0.408
Types of gabapentinoids

Gabapentin 41 (44.6) 13 (31.7) 54 (40.6) 0.163

Pregabalin 2(2.2) 4 (9.8 (4.5) 0.073
Tricyclic antidepressants 9 (9.8) 2(4.9) 11 (8.3) 0.502
Types of tricyclic antidepressants

Amitriptyline 5(5.4) 2(4.9) 7 (5.3) 0.999

Nortriptyline 4(4.3) 0 (0.0) 4 (3.0) 0.311
Benzodiazepines 10 (10.9) 2(4.9) 12 (9.0) 0.342
Corticosteroids 10 (10.9) 2(4.9) 12 (9.0) 0.342
Bisphosphonates 5(5.4) 1(2.4) 6 (4.5) 0.666

Values are presented as number (%).
NSAIDs: non-steroidal anti-inflammatory drugs.

Percentage

P =0.002). There was no statistically significant difference
in patient’s satisfaction and side effects of pain treatment

P<0.001 P=0.004 P<0.001 P<0.001 P<0.001 P<0.001 P<0.001 P<0.001 P<0.001 P=0.0M1

between the two groups.
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Fig. 2. Bar chart illustrating com-
parisons of the percentage of
patients having each neuropathic
> symptom between non-neuropathic
and neuropathic group. A P value
of less than 0.05 indicates statisti-

cal significance.

4. Risk factor analysis

The univariate and multivariate analyses of risk factors
for neuropathic pain features in CIBP are shown in Table
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Table 3. Sensitivity, specificity, predictive values and likelihood ratios of each item of DN4 questionnaire compared with total DN4

score
DN4 questionnaire Sensitivity Specificity PPV NPV Positive LR Negative LR

Burning 46.3 87.0 61.3 78.4 3.56 0.62
Painful cold 171 97.8 77.8 72.6 7.77 0.85
Electric shocks 75.6 78.3 60.8 87.8 3.48 0.31
Tingling 82.9 78.3 63.0 91.1 3.82 0.22
Pins and needles 75.6 73.9 56.4 87.2 2.90 0.33
Numbness 78.0 68.5 52.5 87.5 2.48 0.32
Itching 48.8 88.0 64.5 79.4 4.07 0.58
Hypoesthesia to touch 65.9 92.4 79.4 85.9 8.67 0.37
Hypoesthesia to pinprick 31.7 97.8 86.7 76.3 14.41 0.70
Allodynia 26.8 90.2 55.0 73.5 2.73 0.81

DN4: Douleur Neuropathique 4, PPV: positive predictive value, NPV: negative predictive value, LR: likelihood ratio.

6 and Table 7, respectively. The multivariate analysis
showed that risk factors found to be significantly associ-
ated with neuropathic pain features were younger age
(OR, 0.962; 95% CI, 0.928 to 0.997), pain in the extremities
(OR, 4.113; 95% CI, 1.221 to 13.848), and higher average
pain score (OR, 1.323; 95% CI, 1.032 to 1.689). Neverthe-
less, daily opioid consumption showed a level of signifi-
cance only in univariate analysis.

5. Evaluation after 4-week period of treatment

Table 8 shows pain treatment modalities which patients
received during a 4-week period. There is no significant
difference in the proportion of opioids, gabapentinoids,
tricyclic antidepressants, prescription drugs, or other
treatments between the two groups.

After the 4-week period of pain treatment, patients in
both groups reported a significant decrease of pain inten-
sity and improvement of BPI and ESAS scores (Figs. 3-5).
However, patients with neuropathic pain features still
reported significantly higher average pain scores (4.61 vs.
3.58, respectively, P = 0.048) and higher worst pain scores
(8 vs. 5, respectively, P = 0.002) than those without neu-
ropathic pain features. Additionally, there were trends
toward higher total BPI interference scores (3.52 vs. 2.99,
P =0.426), and total ESAS symptom distress scores (23.30
vs. 20.77, P = 0.524), without statistically significant differ-
ences between the groups, as shown in Table 4 and Table
5.

In terms of changes in BPI and ESAS scores over the
4-week period, there was less improvement in the sever-
ity of tiredness and depression after pain treatment in the
neuropathic group compared with the non-neuropathic
group (P = 0.005 and P = 0.038, respectively). No statisti-
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cally significant differences were found in the changes of
other BPI and ESAS scores (Figs. 6, 7).

DISCUSSION

In the present study, about 30.8% of patients with CIBP
referred to the pain clinic had neuropathic pain features.
These patients had significantly higher average pain
scores and greater impact on their functions at the initial
visit. After 4 weeks of treatment, both groups of patients,
with or without neuropathic features, reported decreased
pain intensity and improved quality of life. However, pain
intensity was still higher in patients with neuropathic
pain features.

CIBP has distinctive and complex mechanisms. Current
evidence has demonstrated the neuropathic mechanisms
involved in this type of pain [17]. These mechanisms
include cancer-induced damage to sensory fibers, patho-
logical remodeling of the peripheral nervous system, and
the consequences of cancer treatments, such as chemo-
therapy, radiotherapy, or surgery [17-20]. Moreover, both
peripheral and central sensitization caused by afferent
pain impulses can result in hyperexcitability of the dorsal
horn neurons in the spinal cord [19,20].

The prevalence of neuropathic pain features in cancer
patients with bone metastases has been reported previ-
ously by several cross-sectional studies conducted in ra-
diotherapy clinics. Two studies using a self-report version
of the Leeds Assessment of Neuropathic Symptoms and
Signs pain scale (S-LANSS) found that the prevalence of
neuropathic pain features in patients with symptomatic
bone metastases were 17% and 25.8%, respectively [9,10].
Nakamura et al. [11] reported a prevalence of 24% in a co-
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Table 6. Univariate analysis of risk factors for neuropathic pain features in study patients

Non-neuropathic group

Neuropathic group

Factors (n = 92) (n = 41) Total (n = 133) P value

Age (yr) 60.57 + 10.88 55.76 £ 12.38 59.08 £ 11.53 0.026
Female 51 (55.4) 23 (56.1) 74 (55.6) 0.943
Primary cancer site

Lung 25 (27.2) 10 (24.4) 35(26.3) 0.175

Breast 21 (22.8) 12 (29.3) 33(24.8)

Prostate 11 (12.0) 0(0.0) 11 (8.3)

Head and neck 8 (8.7) 3(7.3) 11 (8.3)

Others 27 (29.3) 16 (39.0) 43 (32.3)
Number of sites of bone metastasis

1 11 (12.0) 7(17.1) 18 (13.5) 0.205

2 17 (18.5) 12 (29.3) 29 (21.8)

>3 64 (69.6) 22 (53.7) 86 (64.7)
Dominant site of bone pain

Pelvis 30 (32.6) 14 (34.1) 44 (33.1) 0.030

Spine 29 (31.5) 6 (14.6) 35(26.3)

Chest wall 25 (27.2) 10 (24.4) 35(26.3)

Extremities 6 (6.5) 10 (24.4) 16 (12.0)

Skull 2(2.2) 1(2.4) 3(2.3)
Fracture 13 (14.1) 4 (9.8) 17 (12.8) 0.485
Average pain 5.05+1.75 6.00 £ 1.88 5.35+1.84 0.006
Time from diagnosis of cancer to 19.47 (5.89, 50.93) 28.00 (4.20, 56.87) 20.30 (5.65, 53.70) 0.465

evaluation (mo)
Time from diagnosis of bone metastasis 2.93 (0.65, 9.05) 2.57 (1.12, 20.25) 2.73(0.75, 10.17) 0.474
to evaluation (mo)

Morphine milligram equivalent 25.00 (15.63, 40.00) 30.00 (20.00, 55.50) 28.00 (18.75, 40.00) 0.033
Previous chemotherapy 67 (72.8) 29 (70.7) 96 (72.2) 0.803
Previous radiation therapy 26 (28.3) 12 (29.3) 38 (28.6) 0.905
Previous surgery 4(4.3) 3(7.3) 7 (5.3) 0.676

Values are presented as mean + standard deviation, number (%), or median (P25, P75).

P25: percentile 25, P75: percentile 75.

Table 7. Multivariate analysis of risk factors for neuropathic
pain features in study patients

Odds 95% confidence

Factors ratio interval Pvalue

Age 0.962 0.928,0.997 0.036
Dominant site of bone pain

Extremities 4.113% 1.221,13.848 0.022

Morphine milligram equivalent
Between O and 60 0.784" 0.188, 3.271 0.739
mg/day
> 60 mg/day
Average pain score

5.534° 0.816,37.516 0.080
1.323 1.032,1.698 0.028

“Compared with other regions.
°Compared with patients who do not receive opioids.

hort survey using a seven-item questionnaire developed
for identifying neuropathic pain components in Japanese
patients. The 30.8% prevalence in our study was slightly
higher than the figures reported in other studies, but is
plausible, due to the factors explained below.

Firstly, this study was actually done in different study
populations. Patients were referred to our pain clinic
when their pain was intractable or unmanageable. In
contrast with a radiotherapy clinic setting, Lechner et al.
[10] showed that 8.1% of their sample population did not
receive any analgesic drugs, which suggested that pain
might have been less severe in these groups of patients.
Additionally, ethnicity may also have an important role in
manifestation of pain and its prevalence [21,22].

Another study conducted by Habberstad et al. [8] re-
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Table 8. Summary of pain treatment at week 4

Non-neuropathic group

Neuropathic group

Medications (n = 60) (n =23) Total (n = 83) P value

Opioids 57 (95.0) 21 (91.3) 78 (94.0) 0.614
Morphine milligram equivalent 26.75 (12.19, 40.00) 26.00 (10.00, 47.00) 26.00 (11.25, 42.00) 0.698
Types of opioids
Strong opioids

Morphine 41 (68.3) 19 (82.6) 60 (72.3) 0.193

Fentanyl 3(5.0) 0 (0.0) 3(3.6) 0.557

Methadone 1(1.7) 0 (0.0) 1(1.2) 0.999

Oxycodone 1(1.7) 0 (0.0) 1(1.2) 0.999
Weak opioids

Tramadol 10 (16.7) 3(13.0) 13 (15.7) 0.999

Codeine 7(11.7) 0 (0.0) 7(8.4) 0.182
Paracetamol 47 (78.3) 19 (82.6) 66 (79.5) 0.769
NSAIDs 30 (50.0) 14 (60.9) 44 (53.0) 0.375
Gabapentinoids 41 (68.3) 18 (78.3) 59 (71.1) 0.372
Types of gabapentinoids

Gabapentin 41 (68.3) 17 (73.9) 58 (69.9) 0.620

Pregabalin 0 (0.0) 1(4.3) 1(1.2) 0.277
Tricyclic antidepressants 33 (55.0) 14 (60.9) 47 (56.6) 0.629
Types of tricyclic antidepressants

Amitriptyline 13 (21.7) 4 (17.4) 17 (20.5) 0.769

Nortriptyline 20 (33.3) 10 (43.5) 30 (36.1) 0.389
Benzodiazepines 2(3.3) 1(4.3) 3(3.6) 0.999
Corticosteroids 4 (6.7) 0 (0.0) 4 (4.8) 0.572
Bisphosphonates 3(5.0) 1(4.3) 4 (4.8) 0.999
Radiation therapy 20 (33.3) 6 (26.1) 26 (31.3) 0.524
Chemotherapy 24 (40.0) 12 (52.2) 36 (43.4) 0.317
Surgery 1(1.7) 0 (0.0) 1(1.2) 0.999

Values are presented as number (%) or median (P25, P75).

NSAIDs: non-steroidal anti-inflammatory drugs, P25: percentile 25, P75: percentile 75.

ported a 24.4% prevalence of neuropathic pain in patients
with bone metastases in a palliative care setting. Never-
theless, the neuropathic pain condition in this study was
diagnosed according to the Edmonton Classifications
System for Cancer, which is based on clinical judgement
rather than standardized tools for neuropathic pain as-
sessment [23]. Moreover, they did not exclude neuropath-
ic pain from spinal cord or peripheral nerve compres-
sion. These factors may have contributed to less accurate
results from the study.

A second factor affecting the prevalence of neuropathic
pain features is the diagnostic tool for neuropathic fea-
tures. Several tools have been developed for neuropathic
pain screening, for example, the DN4, the S-LANSS, the
painDETECT questionnaire, and the Neuropathic Pain
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Questionnaire (NPQ) [24]. However, none of them have
been specifically designed for cancer patients. In the
present study, instead of the S-LANSS used by previ-
ous studies, we chose the DN4 as a neuropathic pain
assessment tool for several reasons. First, it consists of
both subjective parameters obtained from interviewed
patients and objective parameters obtained from clinical
examination, which is different from the S-LANSS, which
relies solely on information reported by the patient. In
addition, this tool has been validated in the Thai popula-
tion [15]. Finally, a systematic review also showed that the
DN4 had a high accuracy in the cancer population (sen-
sitivity 82%-87%, specificity 88%) [25]. These factors may
contribute to a slightly higher prevalence than the other
studies.
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Fig. 3. Line graph showing changes of average pain score be-
tween baseline and week 4. *Independent t-test was used and
a P value of less than 0.05 indicates statistically significant
difference between two groups at baseline and week 4.°Paired
t-test demonstrated statistically significant difference between
average pain score of patients in non-neuropathic group at
baseline and week 4 (P <0.001). "Paired t-test demonstrated
statistically significant difference between average pain score
of patients in neuropathic group at baseline and week 4 (P =
0.003).

An additional different finding, compared to other stud-
ies, is the common manifestation of neuropathic pain.
Our study showed tingling, numbness, pins and needles,
and electrical shocks were the common neuropathic pain
characteristics, whereas the other studies described the
common manifestation as discomfort after pressing the
painful area [9,10], which may result from the use of dif-
ferent neuropathic pain screening tools. Moreover, the
authors’ findings showed that hypoesthesia to pinprick
had the highest positive likelihood ratio for neuropathic
pain features, which can be a clinical clue to the clinician
to suspect and evaluate for a neuropathic component in a
patient with CIBP.

In addition to the common and highly likely symptoms
and signs, risk factors associated with neuropathic CIBP
can be clues for a clinician of the possibility of neuropath-
ic CIBP. The multivariate analysis showed that risk factors
that were significantly associated with neuropathic pain
features were younger age, higher average pain score,
and pain in extremities. There was no significant associa-
tion between neuropathic pain features and the type or
duration of the cancer, the number of bone metastases,
the presence of pathological fractures, or the current pain
medications, which is consistent with other previous
studies [9-11].

The finding from the present study, that younger pa-
tients had higher prevalence of neuropathic features,
is somewhat different from neuropathic pain in some

10 1 Non-neuropathic group
—e— Neuropathic group
o 89 P=0.033" P=0.426
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o
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S 4 4.89 352"
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Fig. 4. Line graph showing changes of total interference score
of Brief Pain Inventory between baseline and week 4. *Inde-
pendent t-test was used and a P value of less than 0.05 indi-
cates statistically significant difference between two groups at
baseline. *Paired t-test demonstrated statistically significant
difference between total interference score of patients in non-
neuropathic group at baseline and week 4 (P <0.001). ®Paired
t-test demonstrated statistically significant difference between
total interference score of patients in neuropathic group at
baseline and week 4 (P = 0.013).

100 1 Non-neuropathic group
—e— Neuropathic group
g 80 P=0.002* P=0.524
(&)
2]
7
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k7]
©
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Fig. 5. Line graph showing changes of symptom distress score
of Edmonton Symptom Assessment Scale between baseline
and week 4. *Independent t-test was used and a P value of
less than 0.05 indicates statistically significant difference be-
tween two groups at baseline. “Paired t-test demonstrated sta-
tistically significant difference between symptom distress score
of patients in non-neuropathic group at baseline and week 4
(P = 0.040). "Paired t-test demonstrated statistically significant
difference between symptom distress score of patients in neu-
ropathic group at baseline and week 4 (P = 0.002).

conditions, such as postherpetic neuralgia and diabetic
peripheral neuropathy [26-28]. We believe that this might
relate to the sensory innervation of human bone. Some
immunohistochemical studies have shown that the num-
ber of sensory and sympathetic nerve fibers significantly
declined with age [29,30]. As a result, the risk of sensory
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fiber damage might increase for young people. In ad-
dition, since pain sensitivity also diminishes with age
[31,32], older people might be less likely to experience
neuropathic symptoms.

Sensitization might be a possible reason why patients
with higher average pain scores experienced a higher
chance of neuropathic features. It has been shown that
an increase in pain intensity can affect the extent of both
peripheral and central sensitization [33,34], which are
important neuropathic mechanisms involved in bone
metastasis [19,20,35]. While a possible explanation of the
association between CIBP in the extremities and neuro-
pathic pain characteristics is still unclear, the authors be-
lieve that it might relate to a close proximity of the nerves
to the long bones in extremities. Nevertheless, further
study is needed to confirm this hypothesis.

A significant finding of the present study was the as-
sociation of neuropathic pain features with higher pain
intensity, especially average pain scores, in which there
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Poor  Shortness
appetite well-being of breath

were statistically significant differences between the two
groups. Also, the BPI mean interference scores were sig-
nificantly greater in the neuropathic group. These results
were consistent with those of previous studies. Hab-
berstad et al. [8] reported that neuropathic pain was as-
sociated with higher both average and worst pain scores.
Kerba et al. [9] and Nakamura et al. [11] demonstrated
higher worst pain scores in patients with neuropathic
pain features. Additionally, Kerba et al. [9] also showed
higher BPI mean interference scores in the neuropathic
group, but the difference was not statistically significant.
These findings suggest that the pain of this group of pa-
tients is more severe, and has greater impact on patient’s
functions.

More importantly, to the best of the authors’ knowl-
edge, this study is the first prospective study to investi-
gate the effects of neuropathic features in CIBP after the
treatment. Even though, after 4 weeks of treatment, both
group of patients reported significant decreases of pain
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intensity and improvement of pain-related interference
and symptoms, pain intensity, especially average pain
and worst pain, was still significantly higher in patients
with neuropathic pain features. Additionally, the total
pain interference scale and most of the subscale from
BP], the total symptoms distress score and most of the
subscale from ESAS were higher in neuropathic pain fea-
tures, but did not reach statistical significance, possibly
due to the small sample size at the 4-week follow up. All
of these findings highlight the fact that neuropathic CIBP
is a common condition and associated with worsening
patient outcomes at the time of presentation and subse-
quently.

There are several limitations of our study. First, even
though the DN4 was demonstrated to have good accu-
racy in the cancer population, there may be differences
in the neuropathic pain symptom profile from CIBP com-
pared with other neuropathic cancer pain syndromes.
Furthermore, according to the proposed definition of
neuropathic pain by the International Association for the
Study of Pain, the diagnosis of neuropathic pain should
be based on the neuropathic pain grading system [36,37].
The definite diagnosis of neuropathic pain should be
comprised of three criteria: 1) a history of relevant neu-
rological lesion or disease, 2) abnormal sensory signs in
the same neuroanatomically plausible distribution, and
3) a diagnostic test to confirm the lesion or disease of the
somatosensory nervous system. This may not be practical
in this setting, as no more than the first and the second
criteria could be possibly met, and only the diagnosis of
probable neuropathic pain could be made at best. More-
over, a recent study demonstrated only moderate concor-
dance between the DN4 and the grading system in cancer
patients (Cohen’s kappa concordance coefficient 0.57)
[38]. However, in the cancer population, some experts
pay less importance on the diagnostic confirming tests,
and they suggest that the diagnosis of neuropathic pain
can be made without these tests [39].

Another limitation is that our study was an observa-
tional study. Therefore, it is not possible to confirm the
cause and effect between our identified risk factors and
neuropathic pain features. In addition, that a significant
proportion of patients, especially in the neuropathic
group, were lost to follow-up might affect the validity of
our study. We believe that this might be because the con-
ditions of patients with CIBP can deteriorate at any time.
Thus, further longitudinal studies are needed to confirm
our results.

Also, we did not control the pain treatment includ-
ing the pain medications that patients received. In

our institution, anti-neuropathic medications, such as
gabapentinoids or tricyclic antidepressants, were pre-
scribed to patients with neuropathic pain features unless
contraindicated. However, since several studies have
demonstrated the opioid-sparing effect and the ability to
reduce central sensitization of these adjuvants [40-42],
these drugs were also prescribed for moderate to severe
CIBP even without neuropathic features. For this reason,
although patients with neuropathic features tended to re-
ceive anti-neuropathic medications more frequently, the
differences were not statistically significant. This might
affect the changes in characteristic of pain, as well as BPI
and ESAS scores at the follow-up.

The present study emphasizes that neuropathic pain
features in bone metastasis are not uncommon, espe-
cially in the pain clinic setting. They negatively affect not
only pain severity, but also patient functionality. Hence,
physicians should always look for and pay attention to
these conditions. More importantly, further research on
treatment strategies in this population needs to be under-
taken.
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