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Abstract: Endothelin-1 (ET-1) may be involved in driving pain in patients with advanced 

cancer. However, a few studies focus on the role of ET-1 in breakthrough pain (BP). The aim 

of this pivotal study was to explore the correlation between the plasma (ET-1) level and BP 

intensity. A total of 40 patients were enrolled in the study, and they were divided into two 

groups: BP group and non-BP group. Moreover, 20 healthy adults were used as the normal 

control group. Pain intensity was measured using visual analog scale (VAS) scores of 1–10. 

Plasma ET-1 levels were detected by an ET radioimmunoassay kit. Subsequently, the correla-

tion of ET-1 level with the VAS score and cancer types was analyzed by Pearson’s correlation 

coefficient. The plasma ET-1 level in the BP group (35.31±8.02 pg/mL) was higher than that 

in the non-BP group (29.51±6.78 pg/mL) and the normal control group (24.77±10.10 pg/mL, 

P,0.05). In addition, the VAS score in the BP group (7.45±0.82) was higher than that in the 

non-BP group (2.80±1.23, P,0.05). The plasma ET-1 level was positively correlated with the 

VAS score of the BP group (Pearson’s r=0.42). There was no significant correlation between 

the plasma ET-1 level and VAS score of the non-BP group (Pearson’s r=−0.22) or/and cancer 

types (P.0.05). The elevated plasma ET-1 levels were positively related to BP, and targeting 

ET-1 may provide a novel pain-reducing therapeutic treatment in BP.
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Introduction
Breakthrough pain (BP) is an acute transitory pain that occurs suddenly and breaks 

through the normal pain management. BP usually interrupts background pain that can 

be well controlled by medications. BP is generally divided into three types: idiopathic 

pain, incidental pain, and the end of dose pain.1 Moreover, the specific characteristics 

for further defining the BP include its predictability and relation to the fixed dose 

of opioid medication, temporal features, and precipitating events.2 The underlying 

mechanism of BP may be nociceptive, neuropathic, or mixed,3,4 and it may be also 

associated with the release of cytokines.5 However, the current knowledge seems to 

be insufficient.

Endothelin-1 (ET-1), a 21-residue vasoactive peptide, is produced by vascular 

endothelial cells6 and is a potent vasoconstrictor peptide that constricts blood vessels 

and raises blood pressure.7 Many reports on animal8 and human studies9 have indicated 

that ET-1 is involved in the pathogenesis of pain. Subcutaneous administration of ET-1 

to a rat induces pain-like behavior and excites the nociceptive fibers selectively through 

the activation of ET
A
 receptors.8,10 The levels of ET-1 are significantly increased in 

blister fluid in the complex regional pain syndrome type 1.11 ET-1 may be directly or 

indirectly involved in driving pain in patients with advanced cancer.12 However, there 

are a few studies13 that focus on the role of ET-1 in BP.
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The visual analog scale (VAS) score has been regarded as 

a valid and reliable tool for acute pain measurement.14 This 

pivotal study was designed to investigate the relationship 

between ET-1 level and BP intensity by the VAS score and 

the cancers types. The ET-1 level in patients with and with-

out BP was detected. We are committed to reveal the role of 

ET-1 in the progression of BP and to discuss the possibility 

of applying ET-1 as a marker of BP diagnosis.

Methods
This pivotal study was approved by the Ethics Committee 

of The Third Xiangya Hospital of Central South University 

in accordance with the Declaration of Helsinki. Written 

informed consent was obtained from all the participants.

Patients
A total of 40 patients including 25 males and 15 females aged 

30–70 years (mean age: 51.18±10.43 years) were enrolled in 

the study from July 2011 to January 2012 at The Third Xiangya 

Hospital of Central South University, People’s Republic of 

China. The cases included ten patients with rectal cancers, ten 

patients with liver cancers, two patients with splenic lympho-

mas, four patients with gastric cancers, eight patients with colon 

cancers, and six patients with breast cancers (Table 1). All the 

patients were divided into two groups: BP group and non-BP 

group. Additionally, 20 healthy adults who had the same ages 

with the patients in BP group were set as control group. Com-

parisons of general conditions (age and sex) among the three 

groups were conducted, and there was no significant difference 

in age and sex ratio among patients and controls (Table 1).

The selected patients must meet all the following criteria: 

1) without obvious hypertension and heart and lung diseases; 

2) without psychiatric history; 3) both the BP and non-BP 

groups had pathology clinical diagnoses; 4) BP diagnosis 

was performed according to the Science Committee of the 

Association for Palliative Medicine of Great Britain and 

Ireland; and 5) the age ranged from 30 years to 70 years.

Moreover, the patients with one or more of the following 

exclusion criteria were excluded: 1) patients who suffered 

from BP due to the insufficiency of last dosage, ie, BP occurred 

at 1–2 hours before the next administration; 2) patients with 

hypertension, coronary heart disease, severe arrhythmia, or 

with severe dysfunction in heart, liver, or kidney; 3) patients 

recently treated for alcoholism or drug abuse; 4) patients with 

respiratory depression, anoxia, excessive bleeding, or severe 

shock during BP or treatment; 5) abnormal indexes because 

of reagents or equipment disorder; 6) patients who did not 

execute the protocol strictly, quitted the treatment, or died in 

the period of this study; 7) patients who did not coordinate 

with the doctors; and 8) patients with psychiatric history.

Measurement of ET-1 in plasma
Before VAS assessing, 2  mL fasting venous blood was 

obtained from each patient and normal control after fasting 

overnight. Palliative chemo- and radiotherapy or surgery was 

performed in patients after sampling. Plasma was separated 

by centrifuging the blood sample at 2,000 rpm for 10 minutes 

and stored at −80°C. ET-1 levels in each sample were detected 

by an ET radioimmunoassay kit (Beijing North Institute of 

Biological Technology, Beijing, People’s Republic of China) 

according to the manufacturer’s instructions.

BP VAS assessing
Patients with chronic cancer pain or BP were treated with 

morphine hydrochloride sustained-release tablets (Southwest 

Pharmaceutical Co., Ltd., Chongqing, People’s Republic 

of China) with an average dose of 180 mg/d for .7 days. 

Complications such as nausea, vomiting, and dizziness were 

cured during the treatment. Pain intensity was assessed using 

the VAS, and a ten-point categorical scale was recorded. The 

frequency of BP throughout the day and onset of relief were 

assessed. Patients who had the VAS score higher than 7 were 

considered to have severe pain, score 4–6 to have moderate 

pain, and score 1–3 to have mild pain. The clinical data, 

including frequentness, duration, intensity, inducement of 

pain, and the effect of treatment were recorded.

Statistical analysis
All data were expressed as mean ± standard error of the 

mean. To determine the correlation between the ET-1 level 

and VAS score in the BP and non-BP groups, the data of 

the ET-1 level and VAS score were analyzed by Pearson’s 

correlation coefficient. Statistical analysis was performed 

using F-test and Student’s t-test by SPSS 18.0 software (SPSS 

Inc., Chicago, IL, USA). The value P,0.05 was considered 

statistically significant.

Results
Correlation of the plasma ET-1 level with 
pain intensity
As shown in Table 2, the plasma ET-1 level in the BP group 

(35.31±8.02 pg/mL) was higher than that in the non-BP 

Table 1 Normal clinical data in three groups (n=20, x̄ ±s)

Variable BP group Non-BP group Normal control group

Sex (M/F) 12/8 13/7 11/9
Age (years) 49.10±9.75 53.25±10.92 44.60±9.52

Abbreviations: BP, breakthrough pain; M, male; F, Female; s, standard deviation.
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group (29.51±6.78 pg/mL, P,0.05) and the normal control 

group (24.77±10.10 pg/mL, P,0.05). In addition, the plasma 

ET-1 level in the non-BP group was higher than that in the 

normal control group (P,0.05). The VAS score in the BP 

group was higher than that in the non-BP group (7.45±0.82 

vs 2.80±1.23, P,0.05).

The results of correlation analysis showed that the plasma 

ET-1 level was positively correlated with the VAS score in 

the BP group (Pearson’s r=0.42). In addition, there was no 

significant correlation between the plasma ET-1 level and 

VAS score in the non-BP group (Pearson’s r=−0.22).

The ET-1 levels and VAS score in different 
kinds of cancers
No significant difference was observed between the plasma 

ET-1 level and VAS score of cancer types (P.0.05).

Discussion
BP, a transitory exacerbation of pain superimposed on a 

background pain, has been reported in ∼50%–75% of patients 

with cancer.15 In this study, we found that the plasma ET-1 

levels in patients with BP were higher than those in patients 

without BP and in normal controls (P,0.05). We also dem-

onstrated that the VAS score of patients with BP was higher 

than that of patients without BP (P,0.05). After performing 

the correlation analysis, we revealed that the plasma ET-1 

level was positively correlated with the VAS score of the 

patients with BP (Pearson’s r=0.42).

ET-1 has been reported to be involved in many aspects 

of cancer progression, such as promoting cell proliferation 

and tumor growth and inhibiting apoptosis.16,17 Overexpres-

sion of ET-1 has been found in many cancer types, including 

prostate cancer18 and colon cancer.19 The mechanism of ET-1 

improving cancer-related pain may be like the following: 

ET-1 could directly activate nociceptors in human20 and rat.21 

In addition, ET-1 enhances nociception induced by other 

algogens, including serotonin, formalin, and capsaicin.22

Previous studies have reported that the elevated plasma 

ET-1 levels were related to acute or subacute painful 

conditions.9,11 Mangiafico et al23 have revealed that the plasma 

ET-1 levels of patients with peripheral arterial occlusive disease 

were statistically higher than those of the normal controls, and 

they proposed that the elevated ET-1 levels could be a marker 

of ischemic acute endothelial damage. The same conditions 

have been found in other studies, such as patients with cardiac 

syndrome-X,24 sickle cell disease,25 or complex regional pain 

syndrome.9 This may suggest that the elevated ET-1 levels 

could be found shortly after acute or subacute pain and are 

more likely to be presented in acute painful conditions, which is 

consistent with our study with higher ET-1 levels of the patients 

with BP compared to those of the patients without BP.

It has been shown that the concentration of ET-1 has 

a more direct correlation to induce pain levels in mice.26 

A previous clinical study has demonstrated that a receptor 

of ET-1, ET
A
 receptor antagonist, is promising in improv-

ing the cancer-related pain.18 In our study, we found that the 

VAS score in the patients with BP was higher than that in 

the patients without BP (P,0.05). The plasma ET-1 levels 

were positively correlated with the VAS score in the BP 

group (Pearson’s r=0.42). Overall, all these results suggest 

that targeting ET-1 may provide a novel pain-reducing 

therapeutic treatment for BP.

However, no significant difference was observed between 

the ET-1 levels and VAS score in different kinds of cancers 

(P.0.05). This result may be due to the small sample size 

for every kind of cancer. As a result, further multivariate 

analysis (considering sex differences, course of disease, and 

setting cares) with larger sample size is needed to confirm 

our results.

Limitations
However, there are some potential limitations existing in the 

current survey. First, it is absent of a standard for assessment 

of BP. Second, the impact factors of BP such as activity, 

mood, work, and social relations were not calculated. In 

addition, more mechanisms involving ET-1 in BP are still 

needed to be explored in further studies.

Conclusion
The current study demonstrated that the elevated plasma ET-1 

levels were related to BP intensity in patients with cancer, and 

targeting ET-1 may provide a novel pain-reducing therapeutic 

treatment for cancer patients with BP.
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Table 2 The ET-1 levels and VAS score in three groups

Parameter BP group Non-BP group Normal control group

ET-1 (pg/mL) 35.31±8.02 29.51±6.78* 24.77±10.10*,#

VAS score 7.45±0.82 2.80±1.23* –

Notes: *P,0.05 vs BP group; #P,0.05 vs non-BP group.
Abbreviations: BP, breakthrough pain; ET-1, endothelin-1; VAS, visual analog scale.
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