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Abstract
AIM: To investigate the efficacy of tandospirone in patients with irritable bowel syndrome-diarrhea (IBS-D) and anxiety in a prospective, randomized, controlled study.
METHODS: Two hundred patients with IBS-D and moderate anxiety were randomized to receive pinaverium and tandospirone (arm A) or pinaverium and placebo (arm B). Tandospirone or placebo was given thrice daily at a fixed dose of 10 mg and pinaverium was given thrice daily at a fixed dose of 50 mg. The duration of treatment was 8 wk. Patients were assessed for abdominal pain and diarrhea. Anxiety was evaluated using the Hamilton Rating Scale for Anxiety (HAM-A). The primary study endpoints were response rates in patients with abdominal pain and diarrhea. The secondary study endpoints were response rates in patient with anxiety. Adverse events were also evaluated. 
Results: One hundred and seventy of 200 patients (82 patients in arm A and 88 patients in arm B) completed the study. Demographic and baseline characteristics of the 200 participants were comparable in the two arms. At week 8, the overall response rate for abdominal pain and diarrhea was 52.0% for arm A and 37.0% for arm B (P < 0.05). The HAM-A score showed that the response rate was 61.0% for arm A and 21.0% for arm B (P < 0.01). The treatments were well tolerated and no significant adverse events were reported.
Conclusion: Tandospirone is effective and can be combined with pinaverium for IBS-D patients with anxiety.
© 2014 Baishideng Publishing Group Inc. All rights reserved.
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Core tip: Irritable bowel syndrome (IBS) is associated with psychological stress, anxiety and depression, which may contribute to perpetuate the condition. IBS-diarrhea (IBS-D), an isotype of IBS, is often accompanied by anxiety, and conventional therapy is unfavorable. IBS-D may respond positively to anti-anxiety/-depression therapies. However, existing medications are not sufficiently effective for patients with IBS-D. To our knowledge, few randomized, controlled and multi-center studies have focused on the efficacy of anti-anxiety agents in IBS-D patients. This is a prospective, randomized, controlled study to evaluate the efficacy of tandospirone in patients with combined IBS-D and anxiety.
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Introduction
Irritable bowel syndrome (IBS) is one of the most common gastrointestinal disorders (GIDs) with major symptoms such as abdominal discomfort or pain accompanied by constipation or diarrhea. The syndrome has complex mechanisms and is usually refractory to treatment[1]. IBS is associated with psychological stress, anxiety and depression, which may contribute to perpetuate the condition[2-4], and may respond positively to anti-anxiety/-depression therapies[5-7]. However, existing medications are not sufficiently effective for patients with IBS.
Irritable bowel syndrome-diarrhea (IBS-D) is the most frequent subtype of IBS[8]. IBS-D patients usually suffer from anxiety[9]. Anti-anxiety agents should be effective in relieving anxiety and symptoms of IBS-D. However, there have been few randomized and controlled trials of anti-anxiety agents in IBS-D patients. 
Tandospirone citrate is a partial agonist of the 5-hydroxytryptamine 1A (5-HT1A) receptor and has also demonstrated neuropharmacological properties that may contribute to its efficacy in the treatment of anxiety[10,11]. However, there have been no studies on the efficacy and safety of tandospirone in IBS-D patients with anxiety. We conducted a prospective, multicenter, single-blind, randomized, controlled study to evaluate the efficacy (whether abdominal pain, diarrhea and anxiety could be improved) of tandospirone in patients with IBS-D and anxiety.
Materials and Methods
Participants

This study enrolled patients across three tertiary care centers in China: The People’s Hospital and the First Affiliated Hospital of Zhengzhou University, Henan, China and the First Affiliated Hospital of Luzhou Medical College, Sichuan, China. This study was conducted from March 2011 to May 2013. IBS-D was diagnosed according to the Rome III criteria (mainly including abdominal pain, diarrhea and without any organic alteration)[12], and anxiety was diagnosed according to the Diagnostic and Statistical Manual of Mental Disorders-Fourth edition (DSM-IV) criteria[13]. 

Patients were eligible for enrollment if they (1) were aged between 18 and 65 years; (2) had a Hamilton Rating Scale for Anxiety (HAM-A) score between 14 and 24 (moderate anxiety)[14]; (3) had negative routine fecal and occult blood test within 3 months prior to the study; (4) had no organic diseases by enteroscopy within three months prior to study, or no hepatobiliary and pancreatic diseases by laboratory studies and ultrasonographic evaluations; and (5) received no agents that influence motility of the gastrointestinal tract and digestion and/or anti-anxiety/depressive drugs within 4 wk prior to study entry. Major exclusion criteria were (1) allergy to tandospirone and/or pinaverium bromide; (2) the presence of functional dyspepsia (FD); (3) breast-feeding or pregnancy or be going to be pregnant in the period of the study; (4) clinically significant diseases or any psychiatric disorder other than anxiety; (5) previous abdominal surgery; and (6) daily alcohol consumption > 40 g and/or history of drug abuse. Patients were also excluded if they used other psychotropic medications in the previous week (14 d for monoamine oxidase inhibitors and 28 d for fluoxetine), or required ongoing use of psychotropic medications.

All participating institutions had implemented good clinical practice and were eligible for conduction of clinical trials. The study was compliant with the Declaration of Helsinki, and approved by local ethical committees and institutional review boards at the participating institutions. All study participants or their legal surrogates provided written informed consent.
Study intervention

Eligible subjects were blinded to this study and randomized at an allocation ratio of 1:1 to receive pinaverium (a calcium channel blocker for helping to restore the normal contraction process of the bowel) and tandospirone (arm A) or pinaverium and placebo (arm B). Tandospirone or placebo was given thrice daily at a fixed dose of 10 mg and pinaverium was given thrice daily at a fixed dose of 50 mg. The duration of treatment was 8 wk. Patients who missed more than five consecutive days of treatment in 8 wk of the study (non-compliant) were withdrawn from the trial.
Patient evaluation

Patients were assessed for eligibility at a screening visit, with eligible patients returning for a baseline assessment approximately one week, and then evaluated at week 8 for a total of four visits. The primary study endpoints were response rates in patients with abdominal pain and diarrhea. The secondary study endpoints were the response rates in patients with anxiety.

Abdominal pain was assessed using a 10-point abdominal pain numeric rating scale (NRS) from 0 (none) to 10 (worst possible pain) and mild (NRS score, 1-3), moderate (NRS score, 4-6) and severe pain (NRS score, 7-10) were then assigned a score of 1, 2 or 3, respectively. In addition, the frequency of abdominal pain was assigned a score of 0, 1, 2 and 3, respectively, if the pain occurred 0, 1-2, 3-4 and ≥ 5 times per week. The abdominal pain score represented the sum of the severity and frequency of pain in a patient. Diarrhea was assessed by stool consistency, frequency and urgency. Normal/hard feces, roughly normal feces, soft feces, loose feces and watery feces were assigned a score of 0, 1, 2, 3 or 4, respectively. Defecations were assigned a score of 0, 1, 2, 3 or 4 if they occurred ≤ 1-2, 3-4, 5-6 and ≥ 7 times daily. The absence or presence of urgency was assigned a score of 0 or 1. The diarrhea score represented the combination of scores for stool consistency, frequency and urgency of a patient. Furthermore, anxiety was evaluated by the HAM-A scale. 

For abdominal pain and diarrhea, clinical response was evaluated based on the treatment associated-reduction rate (TARR), which was defined as the post-treatment scores minus the pretreatment scores and then divided by the pretreatment scores and multiplied by 100%. Complete response (CR) had TARR≥75%, partial response (PR) had a TARR ≥ 50% but <75%, slight response (SR) had a TARR ≥ 25% but < 50% and non-response (NR) had a TARR< 25%. The response rate = CRAbdominal pain or diarrhea + PRAbdominal pain or diarrhea. The overall response rate = CR (abdominal pain plus diarrhea) + PR (abdominal pain plus diarrhea). Clinical response in anxiety was evaluated using the same methods as those for abdominal pain and diarrhea.
Evaluation of adverse events
Adverse events were monitored at baseline and week 2 and 8 by the Treatment Emergent Symptom Scale (TESS) (NIMH, 1973). Safety assessments were based mainly on the occurrence, frequency, and severity of adverse events and were also based on laboratory parameters including hematology, hepatorenal function, electrolytes, urinalysis, fecal tests and electrocardiography, and treatment-emergent adverse events were recorded. For all adverse events, where necessary, patients were withdrawn from the study.
Statistical Analysis 

Sample size calculation was based on the assumption of a 40% response in the arm A vs. 20% in arm B using the z statistic to compare dichotomous variables with α = 0.05 (two-tailed) and β = 0.20. The estimated sample size was 81 patients per arm.

Randomization procedures were performed using a computer code generated by a study statistician who did not have contact with the study subjects. Trial name and all involved parameters were set. Participating centers were pre-added in the system. Common users of the system at each center were granted corresponding permission and user-names in advance. They accessed the system, input patient demographic data, and selected items according to the inclusion/exclusion criteria. The system then automatically decided whether a patient was eligible to participate in the study. 
The statistical analysis was carried out using SPSS14.0 software. The statistical analyses were pre-specified and performed on an intention-to-treat basis with the inclusion of all patients who underwent randomization. Both full and per-protocol analyses were used. The full analysis sets included all patients who were randomized to treatment and had a baseline assessment and at least one post-baseline assessment. The per-protocol sets included all evaluable patients who completed at least three weeks of active treatment and were not excluded as protocol violators. Unless otherwise specified, all efficacy results reported herein are based on the full analysis, whereas, for patients who withdrew or were lost to follow-up, we used the last observation carried forward approach. Descriptive statistics were used to summarize some safety measures. The Chi-square test was used in the statistical analysis and P < 0.05 was considered statistically significant. The homogeneity of the HAM-A score obtained from different investigators was analyzed using Kendall's W test, with w>90% considered as having homogeneity.
Results
Demographic and baseline characteristics of the participants

The study flowchart is shown in Figure 1. Among 274 subjects screened 200 subjects were eligible for the study. 100 patients were assigned to receive tandospirone and pinaverium, and 100 to receive tandospirone. Thirty patients (18 in arm A and 12 in arm B) were withdrawn due to adverse events, lack of efficacy, protocol violation, lost to follow-up or withdrawal consent. In total, 82 patients in arm A and 88 patients in arm B completed the study. Demographic and baseline characteristics of the 170 participants are shown in Table 1. The median age of the study subjects was 45.6 (range: 19-65) years and there were slightly more male patients (54.1%, 92/170) than female patients (45.9%, 78/170). Patients in the two arms were well balanced in demographic characteristics. The mean baseline HAM-A score was 21.8±5.2 for arm A and 20.9 ± 4.7 for arm B with no apparent difference between the two arms (P = 0.21). The mean baseline abdominal pain and diarrhea score was comparable between arm A (8.3 ± 2.0) and arm B (8.0 ± 2.1) (P = 0.18).

Primary study endpoints

Forty-three patients in arm A and twenty-nine patients in arm B had a 50% or greater reduction in the abdominal pain score at week 8. The response rate was 43.0% for arm A and 29.0% for arm B in the intention-to-treat population (P < 0.05), and was 52.4% for arm A and 33.0% for arm B in the per-protocol sets (P < 0.05) (Table 2).

Fifty patients in arm A and 34 patients in arm B had a 50% or greater reduction in the diarrhea score at week 8. The response rate was 50.0% for arm A and 34.0% for arm B in the intention-to-treat population (P < 0.05), and was 61.0% for arm A and 38.6% for arm B per-protocol sets (P < 0.01) (Table 2).

The overall response rate in patients with abdominal pain and diarrhea was 52.0% for arm A and 37.0% for arm B in the intention-to-treat population (P < 0.05), and was 63.4% for arm A and 42.0% for arm B in the per-protocol sets (P < 0.01) (Table 2).
Secondary study endpoints
The Kendall coefficient was > 90%, indicating the homogeneity of the HAM-A score among investigators.  Sixty-one patients in arm A and 21 patients in arm B had a 50% or greater reduction in the HAM-A score at week 8. The response rate was 61.0% for arm A and 21.0% for arm B in the intention-to-treat population (P < 0.01), and was 74.4% for arm A and 23.9% for arm B in the per-protocol sets (P < 0.01) (Table 3).
Adverse events
The treatments were well tolerated and no significant adverse events were reported. Treatment-emergent adverse events included somnolence (four in arm A), vertigo (two in arm A), vomiting (one in arm A and one in arm B) and aggravated abdominal pain (one subject in arm B), which resulted in discontinuation (vertigo, vomiting and aggravated abdominal pain) or was resolved two weeks later (somnolence).
Discussion

IBS is a functional gastrointestinal disorder (FGID) characterized by symptoms including abdominal pain, distention and abnormal defecation habit and feces appearance[8]. Despite absence of organic disease, IBS may have a notable adverse effect on the quality of life of patients and lead to the exhaustion of medical resources[15]. The etiology of IBS is unknown. However, it has been demonstrated that IBS is the GID which most strongly associated with mental health conditions[16]. Mental stress and psychological distress are correlated with development of IBS[17]. Psychological and social factors can interfere with the communication between the central and enteric nervous systems, and there is proof that they are involved in the onset of IBS and influence the response to treatment and outcome[18]. Anxiety or depression may influence autonomic nervous system balance in women with IBS[19]. Gastrointestinal (GI)-specific anxiety seems to be an important factor in GI symptom severity and quality of life in patients with IBS[20]. No effective therapy is currently available for IBS-D, and commonly used medications including pinaverium and trimebutine are unfavorable in refractory IBS and are associated with frequent recurrences. Patients with refractory IBS usually experience negative mood and sleep disturbance[21], indicating the importance of psychological intervention and anti-anxiety/-depressive therapy in the treatment of IBS[22-25].
As a third-generation anti-anxiety agent, tandospirone is a novel partial agonist of 5-HTlA receptor and modulates 5-HT projected from the raphe nuclei to the hippocampus by selectively activating 5-HTlA receptor in a postsynaptic manner, thus exerting its anti-anxiety activity [26]. In addition, tandospirone has an anti-depressive effect by down-regulating presynaptic 5-HTlA receptor density[27]. Therefore, tandospirone has dual anti-anxiety and anti-depressive effect, particularly in anxiety and takes effect at 1 to 2 weeks after administration. 5-HTlA receptor is located at the cholinergic nerve terminal and the presynaptic component of the neuromuscular junction, and may lead to relaxation of smooth muscle when it is activated[28,29]. Therefore, tandospirone can not only act on psychological symptoms including anxiety and depression, but also improve autonomic nerve disorder-related physical symptoms, such as abnormalities of appetite, sexual behavior, body temperature and blood pressure[30]. Therefore it can be used to treat eating and GI disorders[31,32]. As reported previously[28,32,33], tandospirone can be used in patients with combined functional dyspepsia and emotional disorders, particularly those with treatment- refractory refractory FD.
In this study, it demonstrated that the combination of tandospirone and pinaverium was associated with a significantly increased overall response rate in patients with abdominal pain and diarrhea. Furthermore, we found that the combination of tandospirone and pinaverium was associated with a markedly higher response rate. These findings demonstrate that tandospirone is effective in patients with IBS-D with anxiety. Fukudo S et al[34] showed that IBS is related to brain-gut interactions, emotional dysregulation, and illness behaviors. Corticotropin-releasing hormone and 5-HT are candidate substances which regulate exaggerated brain-gut response. Therefore, it is possible that tandospirone as a partial 5-HTlA agonist, can regulate brain-gut response and have an anti-spasmodic effect on the colon by binding 5-HTlA receptor, and thereby producing an improvement in abdominal pain and diarrhea.
We also found that the drug was overall well tolerated by IBS-D patients and showed a benign safety profile with no major treatment-emergent adverse events. This compares favorably to SSRI, anti-anxiety/- depressive agent used in the clinic, which also exert their effects via the 5-HT system. However, as a SSRI blocks the reuptake of 5-HT, thus increasing 5-HT levels in the synaptic cleft, this may lead to agitation and increase the frequency of adverse events[35]. In addition, tandospirone is associated with less somnolence and dependency than other anti-anxiety agents due to the absence of non-anti-anxiety effects by the benzodiazepines, such as muscular relaxation, anti-convulsion and sedation[28], and can be withdrawn when the symptoms are resolved[22].
Clinically, IBS is primarily treated with drugs acting on GI motility, spasmolysis and analgesia, and psychological disorders are suspected only if the above-mentioned treatments are ineffective. However, in IBS patients, as an interaction between psychological disorders and physical symptoms may exacerbate the condition, delaying anti-anxiety/-depressive intervention until poor efficacy of conventional treatments is confirmed may extend the distress of these patients[22]. In our opinion, anti-anxiety/-depressive treatment should be administered at an early period for IBS patients who present with anxiety and depression in order to avoid chronic stress[36]. 
Our prospective randomized controlled multicenter trial has demonstrated that tandospirone is effective and safe in IBS-D patients with anxiety. Prompt anti-anxiety therapy in IBS-D patients with anxiety could lead meaningful improvements in anxiety as well as significant reduction in abdominal pain and diarrhea. Larger scale and longer clinical trials are warranted, including long-term trials and double-blind and parallel treatment studies.
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comments
Background

The etiology of irritable bowel syndrome (IBS) is unknown. IBS-diarrhea (IBS-D) is an isotype of IBS. No effective therapy is available for IBS-D, and commonly used medications including pinaverium and trimebutine are unfavorable for refractory IBS and are associated with frequent recurrences. Along with the “biomedical model” changing to the “bio-psycho-social medical model”, the influence of psychological stress on IBS has been followed with interest.
Research frontiers

Recently, many studies found that IBS is associated with psychological stress, anxiety and depression. IBS-D is often accompanied by anxiety. More researchers are now attempting to determine whether IBS-D may respond to anti-anxiety/-depression therapies. 
Innovations and breakthroughs
To our knowledge, few randomized, controlled and multicenter studies have focused on the efficacy of anti-anxiety agents in IBS-D patients. As a third-generation anti-anxiety agent, tandospirone has not been used for the treatment of IBS in studies. The authors conducted a prospective, randomized, controlled study to evaluate the efficacy of tandospirone in patients with IBS-D and anxiety.
Applications 

Tandospirone treatment in IBS-D patients with anxiety could lead meaningful improvements in anxiety as well as significant reduction in abdominal pain and diarrhea. This may provide a novel therapeutic option for IBS-D patients with anxiety.
Peer review

This is a well-written paper. The topic is timely and of general interest. This randomized controlled trial could have contribution to the management of IBS-D.
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Table 1 Demographic and baseline characteristics of the study participants with irritable bowel syndrome-diarrhea n (%)
	Characteristics
	Arm A (n = 100)
	Arm B (n = 100)

	Age (yr)
	
	

	mean ± SD
	46.6 ± 12.9
	44.7 ± 12.8

	Range
	20-65
	19-64

	Female gender 
	35 (42.7)
	43 (48.9)

	Anxiety
	
	

	mean ± SD
	21.8 ± 5.2
	20.9 ± 4.7

	Range 
	14-24
	14-24

	Abdominal pain and diarrhea scores
	
	

	mean ± SD
	8.3 ± 2.0
	8.0 ± 2.1

	Range
	4-12
	4-14


Table 2 Response rate of the subjects with irritable bowel syndrome-diarrhea for abdominal pain and diarrhea n (%)
	
	Arm
	n
	CR
	PR
	SR
	NR
	Response rate

	Abdominal pain
	
	
	
	
	
	
	

	Per protocol
	A
	82
	22 (26.8)
	21 (25.6)
	27 (32.9)
	12 (14.6)
	43 (52.4)a

	
	B
	88
	14 (15.9)
	15 (17.0)
	28 (31.8)
	31 (35.2)
	29 (33.0)

	Intention-to-treat
	A
	100
	22 (22)
	21 (21)
	27 (27)
	30 (30)
	43 (43)a

	
	B
	100
	14 (14)
	15 (15)
	28 (28)
	43 (43)
	29 (29)

	Diarrhea
	
	
	
	
	
	
	

	Per protocol
	A
	82
	25 (30.5)
	25 (30.5)
	23 (28)
	9 (11)
	50 (61.0)b

	
	B
	88
	13 (14.8)
	21 (23.9)
	30 (34.1)
	24 (27.3)
	34 (38.6)

	Intention-to-treat
	A
	100
	25 (25)
	25 (25)
	23 (23)
	27 (27)
	50 (50)a

	
	B
	100
	13 (13)
	21 (21)
	30 (30)
	36 (36)
	34 (34)

	Abdominal pain plus diarrhea
	
	
	
	
	

	Per protocol
	A
	82
	24 (29.3)
	28 (34.1)
	21 (25.6)
	9 (11)
	52 (63.4)b

	
	B
	88
	11 (12.5)
	26 (29.5)
	15 (17.0)
	36 (40.9)
	37 (42.0)

	Intention-to-treat
	A
	100
	24 (24)
	28 (28)
	21 (21)
	27 (27)
	52 (52)a

	
	B
	100
	11 (11)
	26 (26)
	15 (15)
	48 (48)
	37 (37)


aP < 0.05 and bP < 0.01, arm A vs arm B. CR: Complete response; NR: Non-response; PR: Partial response; SR: Slight response.
Table 3 Response rate of the subjects with irritable bowel syndrome-diarrhea for anxiety n (%)
	Anxiety
	Arm
	n
	CR
	PR
	SR
	NR
	Response rate

	Per protocol
	A
	82
	16 (19.5)
	45 (54.9)
	17 (20.7)
	4 (4.9)
	61 (74.4)b

	
	B
	88
	4 (4.5)
	17 (19.3)
	25 (28.4)
	42 (47.7)
	21 (23.9)

	Intention-to-treat
	A
	100
	16 (16)
	45 (45)
	17 (17)
	22 (22)
	61 (61)b

	
	B
	100
	4 (4)
	17 (17)
	25 (25)
	54 (54)
	21 (21)


bP < 0.01, arm A vs arm B. CR: Complete response; NR: Non-response; PR: Partial response; SR: Slight response.
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Figure 1 CONSORT diagram showing the flow of subjects in each stage of the trial. 
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