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Abstract

Purpose

Evaluation of symptoms and signs for the management of neuropathic cancer pain (NCP) is

challenging. This study aimed to identify clinical predictors of NCP and symptoms and signs

most relevant of those in Korean patients.

Methods

This nationwide, descriptive, cross-sectional, multicenter, observational study included

2,003 cancer patients aged�20 years who reported a visual analog scale (VAS) score�1

for pain and provided informed consent for participation. The Douleur Neuropathic (DN4)

questionnaire (score�4) was used to determine symptoms and signs as well as the pres-

ence of NCP.

Results

The prevalence of NCP was associated with age <65 years [OR, 1.57; 95% CI, 1.270–

1.934], disease duration >6 months (OR, 1.57; 95% CI, 1.232–2.012), stage IV cancer (OR,

0.75; 95% CI, 0.593–0.955), history of chemotherapy (OR, 1.74; 95% CI, 1.225–2.472), and

moderate-to-severe cancer pain (OR, 2.05; 95% CI, 1.671–2.524) after multivariate analy-

sis. The most common descriptive symptoms of NCP were tingling, electric shock, and pins

and needles. For NCP patients in the presence or absence of the clinical predictors, pins
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and needles (p = 0.001) and painful cold (p<0.001) symptoms were significantly frequent in

patients with moderate-to-severe pain. Tingling, numbness, and touch hypoesthesia (p =

0.022, 0.033, 0.024, respectively) were more frequent in those with longer cancer duration

and hyperesthesia (p = 0.024) was more frequent in young patients.

Conclusion

Age <65 years, disease duration >6 months, stage IV cancer, history of chemotherapy, and

moderate-to-severe cancer pain, were identified as predictors of NCP. Some symptoms

and signs of NCP were associated with these predictors. Further studies are warranted on

the pathogenesis and management of NCP with respect to the symptoms and signs, and

factors associated with pain severity in Korean patients.

Introduction

One of the most fearful symptoms of cancer is pain. Chronic cancer pain is defined as chronic

pain caused by the primary cancer itself, metastasis or its treatment [1]. Despite a plethora of

guidelines and recommendations, cancer pain is frequently under-treated with more than 50%

of patients with cancer describing the intensity of cancer pain as moderate or severe [2]. One

of the barriers to pain control is inadequate pain assessment which, ideally, should consider

the intensity and underlying etiology and mechanism [3]. While nociceptive pain is sensitive

to opioids, the responsiveness of neuropathic pain to opioids is weak [4]. This is particularly

important for neuropathic cancer pain (NCP) as a combination of non-opioid analgesic drugs

with conventional opioid analgesia is required for the optimal management of NCP [5].

The International Association for the Study of Pain (IASP) classification of chronic pain for

International Classification of Diseases (ICD-11) identifies specific codes for chronic NCP

(neuropathic pain caused by a tumor), as well as neuropathic pain caused by a primary tumor

or metastases damaging or injuring the peripheral or central nervous system [6]. Neuropathic

pain affects up to 40% of cancer patients and is associated with increased pain intensity and

decreased quality of life (QOL) [7–9]. Previously, we also reported the incidence rate of NCP

in cancer patients in Korea and the relevance that NCP deteriorates patients’ QOL [10]. For

clinicians, the identification of NCP is dependent on the careful evaluation of the symptoms

and signs. However, in daily clinical practice, identifying NCP can be difficult or sometimes

easily neglected due to the nature of symptoms and NCP may be considered to be non-cancer

associated pain [11,12]. To overcome this problem and to assist in the early detection of NCP,

the present study evaluated clinical predictors of NCP and descriptive symptoms and signs

associated with NCP among cancer patients in Korea.

Materials and methods

Data collection

This nationwide, cross-sectional, descriptive, non-interventional, multicenter study was con-

ducted from February 2013 to March 2014 in 28 hospitals in Korea, including 21 tertiary refer-

ral hospitals, 5 secondary referral hospitals, and 2 municipal general hospitals. Inclusion

criteria were as follows: age�20 years, diagnosis of cancer, cancer pain with a visual analog

scale (VAS) score�1, and the ability to understand and sign the informed consent form.

Patients with pain not associated with cancer were excluded at the discretion of the attending
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physician. Patients’ demographic and clinical characteristics (age, sex, cancer duration, cancer

stage, and comorbidities related to NCP) and their treatment history (radiotherapy, chemo-

therapy, and surgery) were collected from medical records. Questionnaires and case report

forms were collected, and study data were analyzed. The study (study ID: KCSG PC13-02) was

approved by the central institutional review board (IRB) of the Korean Cancer Study Group

(KCSG). After central approval, institutional approval was obtained from the institutions of

the participating investigators. All procedures were, therefore, performed in accordance with

the ethical standards of the institutional and/or national research committee and within the

guidelines of the 1964 Declaration of Helsinki and its later amendments or comparable ethical

standards.

Pain assessment

All patients were evaluated by physicians, who determined the presence of cancer pain using

the VAS and the presence of NCP using the Douleur Neuropathic (DN4) questionnaire during

patients’ regular visits. We defined a VAS score�1 as cancer pain. The DN4 questionnaire

includes seven pain descriptors, namely, burning painful cold, electric shocks, tingling,

pins and needles, numbness, and itching, along with three additional symptoms, namely,

hypoesthesia to touch, hypoesthesia to pinpricks, and allodynia to a paintbrush. The former

seven descriptors were assessed via patient interviews, while the latter three were assessed via

standardized clinical examinations. We defined a DN4 score�4 as NCP.

Statistical analysis

Patients were categorized into NCP (DN4 score�4) and non-NCP (DN4 score <4) groups. In

the univariable analysis, patients’ demographic and clinical characteristics were compared

between the NCP and non-NCP groups using Student’s t-tests for continuous variables and

chi-square tests for categorical variables. To identify independent predictors of NCP, multivar-

iable logistic regression analysis was used; the multivariable model included patients’ demo-

graphic characteristics (age and gender) and variables with a p-value of<0.1 in the univariable

analysis.

Differences in symptoms reported by patients through the DN4 questionnaire were ana-

lyzed between the NCP and non-NCP groups using logistic regression models. In both uni-

variable and age- and sex-adjusted multivariable analysis, the non-NCP group was the

designated reference group. The distribution of clinical predictors in the NCP group was ana-

lyzed using chi-square tests.

All reported p-values were two-tailed, and a p-value of<0.05 was considered statistically

significant. All statistical analyses were performed using IBM SPSS Statistics 20.0 (IBM Corpo-

ration, NY, USA).

Results

Baseline characteristics of the patients and clinical predictors of NCP

A total of 2,003 patients participated in this study, and NCP was present in 722 (36.0%) of

these patients. According to univariable analysis, using Student’s t-tests for continuous vari-

ables and chi-square tests for categorical variables, the proportion of NCP was higher among

patients aged<65 years compared to those aged�65 years (p<0.001), in patients with cancer

duration�6 months compared to<6 months (p = 0.001), and in patients with stage I–III can-

cer compared to those with stage IV cancer (p = 0.021). There were 494 patients with comor-

bidities (309 patients with diabetes, 44 patients with liver cirrhosis, 43 patients with traumatic
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injury, 41 with herpes zoster) and the proportion of patients with comorbidities was not

significantly different between the two groups (p = 0.133). Regarding treatment history, the

proportion of patients with NCP was higher among patients with a history of chemotherapy

(p<0.001) and among patients with a history of cancer surgery (p = 0.003). Finally, the propor-

tion of patients with NCP was higher among patients with moderate-to-severe pain (VAS

score�4) compared to those with mild pain (VAS score <4; p<0.001; Table 1).

Multivariable logistic regression analysis revealed that age<65 years compared to age�65

years [odds ratio (OR), 1.57; 95% confidence interval (CI), 1.27–1.93], cancer duration of>6

months compared to that of<6 months (OR, 1.57; 95% CI, 1.23–2.01), stage IV cancer com-

pared to stage I–III cancer (OR, 0.75; 95% CI, 0.59–0.96), a previous or current history of che-

motherapy (OR, 1.74; 95% CI, 1.23–2.47), and moderate-to-severe pain (VAS score�4; OR,

2.05; 95% CI, 1.67–2.52) were significant clinical predictors of NCP (Table 2).

Frequency of the descriptive symptoms and signs of NCP

Overall, the most common neuropathic symptom was tingling (N = 1,114, 55.6%), followed by

electric shocks (N = 1,069, 53.4%) and pins and needles (N = 844, 42.1%). Among the groups

Table 1. Comparison of the characteristics between the NCP and non-NCP groups (N = 2,003).

N (%) Total N = 2,003 NCP N = 722 (%) Non-NCP N = 1,281 (%) P-value

Gender 0.281

Male 1,089 381 (35.0) 708 (65.0)

Female 914 341 (37.3) 573 (62.7)

Age (years), mean±SD 60.9±11.3 59.5±10.7 61.7±11.5 <0.001

<65 1,213 489 (40.3) 724 (59.7) 0.001

�65 790 233 (29.5) 557 (70.5)

Cancer duration (months), mean±SD 26.3±37.1 30.1±42.1 24.1±33.7 0.001

<6 545 143 (26.2) 402(73.8) 0.001

�6 1,458 579 (39.7) 879(60.3)

Cancer stage 0.021

Stage I–III 399 163 (40.9) 236 (59.1)

Stage IV 1,428 494 (34.6) 951 (66.6)

Comorbidities 0.133

None 1,509 530 (35.1) 979 (64.9)

Present 494 192 (38.9) 302 (61.1)

Radiotherapy 0.310

Never received 1,401 515 (36.8) 886 (63.2)

Received 602 207 (34.4) 395 (65.6)

Chemotherapy <0.001

Never received 250 54 (21.6) 196 (78.4)

Received† 1,751 668 (38.1) 1,083 (61.9)

Cancer surgery 0.003

Did not undergo 1,204 403 (33.5) 801 (66.5)

Underwent 799 319 (39.9) 480 (60.1)

Pain VAS score, mean±SD 4.4±2.3 4.9±2.3 4.1±2.0 <0.001

<4 (mild pain) 830 225 (27.1) 605(72.9) <0.001

�4 (moderate-to-severe pain) 1,173 497 (42.4) 676 (57.6)

χ2 test, Student’s t-tests for continuous variables and chi-square tests for categorical variables.

NCP: Neuropathic cancer pain; SD: Standard deviation; VAS: Visual analog scale.

https://doi.org/10.1371/journal.pone.0252781.t001
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categorized on the basis of the DN4 questionnaire score, commonly experienced symptoms

were tingling (NCP; N = 638 vs non-NCP; N = 476), electric shocks (NCP; N = 632 vs non-

NCP; N = 437), and pins and needles (NCP; N = 471 vs non-NCP; N = 373). An increased OR

was noted for all symptoms and signs described in the DN4 questionnaire, indicating the

increased incidence of these symptoms in NCP patients in both univariable and multivariable

models. Prick hypoesthesia (OR, 36.95; 95% CI, 20.88–65.38) and touch hypoesthesia (OR,

20.56; 95% CI, 15.79–26.78) were associated with increased odds of being present in the NCP

group by chi-square tests (Table 3).

Clinical symptoms and signs of NCP according to each predictor

The prevalence of the clinical predictors (age <65 years, cancer duration�6 months, stage I–

III cancer, history of chemotherapy, VAS score for pain�4) was assessed among the patients

in the NCP group for each of the clinical symptoms and signs (Table 4). Among NCP patients

with hyperesthesia, the proportion of patients aged<65 years (74.6%) was significantly higher

than that of patients aged�65 years (25.4%) (p = 0.024). The proportion of patients with can-

cer duration of�6 months was significantly higher among NCP patients presenting with

Table 2. Clinical predictors of patients with NCP (N = 2,003).

Predictors (Reference) Adjusted OR 95% CI P-value

Female (Male) 1.036 0.849–1.265 0.729

Age <65 years (�65 years) 1.567 1.270–1.934 <0.001

Cancer duration�6 months (<6 months) 1.574 1.232–2.012 <0.001

Cancer stage IV (I-III) 0.752 0.593–0.955 0.019

Chemotherapy, done (Never done) 1.740 1.225–2.472 0.002

Surgery, done (Never done) 1.127 0.917–1.386 0.256

Pain VAS score, Moderate/Severe (Mild) 2.054 1.671–2.524 <0.001

Logistic regression analysis, variables with p-value<0.1 from the univariable analysis were included.

CI: Confidence interval; NCP: Neuropathic cancer pain; OR: Odds ratio; VAS: Visual analog scale.

https://doi.org/10.1371/journal.pone.0252781.t002

Table 3. Differences in selecting symptom items of the DN4 questionnaire between the NCP (N = 722) and non-NCP (N = 1,281) groups.

DN4 Symptom items Total NCP Non-NCP Univariable Multivariable�

N = 2,003(%) N = 722 (%) N = 1,281 (%) Crude OR (95% CI) Adjusted OR (95% CI) Pseudo R2��

Burning 312 (15.6) 198 (63.5) 114 (36.5) 3.87 (3.01–4.98) 3.86 (3.00–4.97) 0.088

Painful Cold 450 (22.5) 345 (76.7) 105 (23.3) 10.25 (8.00–13.13) 10.51 (8.18–13.48) 0.265

Electric shocks 1,069 (53.4) 632 (59.1) 437 (40.9) 13.56 (10.57–17.40) 13.35 (10.40–17.14) 0.348

Tingling 1,114 (55.6) 638 (57.3) 476 (42.7) 12.85 (9.96–16.56) 12.69 (9.84–16.37) 0.330

Pins and Needles 844 (42.1) 471 (55.8) 373 (44.2) 4.57 (3.76–5.55) 4.53 (3.72–5.51) 0.168

Numbness 512 (25.6) 398 (77.7) 114 (22.3) 12.58 (9.87–16.02) 12.57 (9.86–16.03) 0.318

Itching 328 (16.4) 220 (67.1) 108 (32.9) 4.76 (3.70–6.13) 4.64 (3.60–5.98) 0.111

Touch hypoesthesia 524 (26.2) 436 (83.2) 88 (16.8) 20.67 (15.89–26.88) 20.56 (15.79–26.78) 0.405

Prick hypoesthesia 213 (10.6) 200 (93.9) 13 (6.1) 37.37 (21.13–66.09) 36.95 (20.88–65.38) 0.233

Hyperesthesia 238 (11.9) 189 (79.4) 49 (20.6) 8.92 (6.41–12.40) 8.75 (6.29–12.19) 0.147

Chi-square tests, all statistically significant, P<0.001.

�Age- and sex-adjusted

��Negelkerke R2.

CI: Confidence interval; NCP: Neuropathic cancer pain; OR: Odds ratio.

https://doi.org/10.1371/journal.pone.0252781.t003
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tingling (81.5%), numbness (83.2%), or touch hypoesthesia (83.0%) (p = 0.022, 0.033, 0.024,

respectively). NCP patients with painful cold and pins and needles were more likely to have

moderate-to-severe pain (p<0.001, p = 0.001, respectively). There were no significant differ-

ences between patients with early-stage cancer (stage I–III) and those with later-stage cancer

(stage IV) or between patients with a history of chemotherapy and those without a history of

chemotherapy (Table 4).

Discussion

In the present study, we analyzed data from a nationwide cancer pain survey in Korea, focus-

ing on predictors of NCP and the clinical significance of patient-reported symptoms and signs

most relevant for these predictors in Korean patients. Our study identified five clinical predic-

tors of NCP: age<65 years, a past or current history of chemotherapy, cancer duration of�6

months, moderate-to-severe pain (VAS score�4), and early-stage cancer (stage I–III). Bulls

et al. reported that older adults (aged�65 years) with gynecologic cancer are at higher risk for

NCP [13]. Other studies have also reported a higher prevalence of neuropathy in older patients

[14,15]. In the present study, 20% of the older (�65 years) and 7% of the younger (<65 years)

age groups had not received chemotherapy (S1 Table). Older patients are less likely to receive

chemotherapy, which can explain the increased association of NCP with the younger age

group in our study. A recent study reported that the predictors of NCP were associated with

the location of neural invasion, a longer disease duration, a higher pain intensity, recent sur-

gery or chemotherapy, the use of one or more adjuvant analgesics, and the presence of an epi-

sodic incident or breakthrough pain [16]. This was similar to our study, where NCP was found

to be associated with chemotherapy, moderate-to-severe pain and longer duration of cancer.

However, in our study, surgery had a significant association with NCP in univariate, but

not in multivariate, analysis. There were 399 patients with stage I, II, or III cancer and 799

patients underwent surgery. About half of the patients who underwent surgery had palliative

surgery rather than curative surgery on the primary tumor, which may explain the difference

from the previous report. Additionally, we enrolled various cancer patients in this study. Gas-

trointestinal cancer was the most common (49% of patients), followed by respiratory cancer

(24%), skin, bone, and connective cancer (14%), hematologic malignancy (14%), genitourinary

cancer (13%), breast cancer (11%), and head and neck cancer (9%) [10]. Since approximately

half of the patients registered in this study had gastrointestinal cancer, it indicates that there

are fewer patients who have undergone chronic pain-related surgeries, such as mastectomy or

thoracotomy [17]. Moreover, less invasive surgical techniques might result in less postsurgical

pain. Lumpectomy might result in more pain than a modified radical mastectomy [18].

Early neuropathic symptoms and signs of platinum analog-treated patients include loss of

ankle jerks and decreased vibratory sensibility in the toes associated with numbness, tingling

or paresthesias in finger and toes and prolonged treatment may worsen those symptoms. Pin

and temperature sensation, joint position and light touch perception are less severely affected

[19,20]. In our study, the most frequently reported symptoms were tingling, electric shock,

and pins and needles, and these symptoms were most frequently reported by both NCP and

non-NCP groups. It is possible for neuropathic pain to begin with common symptoms such as

tingling, pins and needles and electric shocks. A Spanish prospective study, conducted over 1

month, that recruited 366 patients with cancer, aged�18 years, diagnosed with NCP (DN4

�4), and with moderate-to-severe pain (VAS�4), reported that the most common symptoms

were tingling (79.8%), pins and needles (76.2%) and electric shocks (72.4%) [21]. This showed

a similar distribution of descriptive symptoms as the NCP group in the present study. In con-

trast, an Indian study reported that a pricking type of pain was the most characteristic feature
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(47.8%), followed by shooting pain (38.3%), in patients with NCP [22]. These differences in

descriptive symptoms might be associated with differences in study design, ethnicity, or

expressive language used to express patients’ pain. The symptoms and signs of highest rele-

vance to NCP were prick hypoesthesia and touch hypoesthesia. Further studies to clarify

symptom definitions and to elucidate the pathogenesis of NCP are needed for its effective

management.

The evaluation of pain begins with a patient interview regarding the symptoms. Currently,

there is no gold standard method for the diagnosis of neuropathic pain. In daily practice,

screening questionnaires are suitable for identifying potential patients with neuropathic pain.

For cancer patients, these questionnaires are preferred over imaging studies such as electro-

neuromyography or magnetic resonance imaging. A screening tool for neuropathic pain could

alert physicians about the possibility of NCP. Medical oncologists generally use three screening

tools for neuropathic pain, namely pain DETECT [23], the Leeds Assessment of Neuropathic

Symptoms and Signs (LANSS) [24], and the DN4 questionnaire [25]. Among these, only

LANSS and the DN4 questionnaire feature items related to sensory examination. The LANSS

was more specific, although less sensitive, than the DN4. The DN4 questionnaire is more sensi-

tive than LANSS, regardless of the pain severity [26].

Chemotherapy-induced peripheral neuropathy (CIPN) is a frequent, dose-dependent com-

plication of anticancer drugs, including platinum, taxanes, epothilones, vinca alkaloids, and

newer agents such as bortezomib [27]. In our study, of the 722 patients with NCP, 93% had a

history of chemotherapy. Although anticancer chemotherapeutics can intensify painful

peripheral neuropathy, there was no significant difference in the symptomatology of NCP

between patients with and without a history of chemotherapy. However, some symptoms and

signs were related to specific predictors. Hyperesthesia was more frequent in patients aged

<65 years than in those aged�65 years. Tingling and touch hypoesthesia were more frequent

in patients with longer cancer duration (�6 months). And painful cold and pins and needles

were associated with moderate and severe cancer pain. To our knowledge, this study is very

meaningful as it analyzed each of the symptoms and signs based on the predictors of NCP.

These finding could help physicians in the early diagnosis and management of NCP.

This study has some limitations. First, the cross-sectional design limits our knowledge of

various pre-referral treatments and their degree of consistency with standard guidelines. Sec-

ond, the origin of cancer, stage of cancer, and anticancer treatment differed among the

enrolled patients. There is controversy over the association of status or site of cancer with NCP

[14,28], rather, whether NCP is associated with neurological involvement secondary to the dis-

ease or its treatment. Third, we did not differentiate dominant or neuropathic components

from mixed type with nociceptive and neuropathic pain. As we searched for the frequency and

risk factors of NCP in all patients with cancer pain through cross-sectional studies, we were

not able to study the cause of NCP. This is required through other studies in the future. Fourth,

the patients’ narratives, including their interpretation of pain, may be governed by their cul-

ture and language [29]. Finally, we defined that patients had cancer pain if they complained of

cancer pain (NRS�1), regardless of treatment. Patients with pain more than VAS 3 were usu-

ally considered for treatment in clinical practice. There might be limits to the application of

treatment in clinical practice. However, this study is helpful in identifying patients who are

expected to have NCP in advance and for monitoring their symptoms and signs by risk

factors.

In conclusion, the results of this nationwide cross-sectional study in Korea have shown pre-

dictors of NCP and the identification of symptoms and signs associated with NCP. To the best

of our knowledge, this is the first study that has analyzed each descriptive symptom and sign

based on the predictors of NCP, as obtained by the DN4 questionnaire. More studies to
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substantiate the characteristics of NCP could help in its early detection, correct diagnosis and

efficient management.
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S1 Table. Comparison of patients receiving/not receiving chemotherapy and age <65 or

�65 years.
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