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Abstract
Background
Constipation is a common complication in hemodialysis patients and can impact their quality of life. Elobixibat selectively inhibits ileal bile acid transporter to suppress bile acid reabsorption, increase the amount of bile acid entering the colonic lumen, and promote water secretion and colonic motility in the large intestine. While the efficacy and safety of elobixibat in hemodialysis patients up to 12 weeks after administration have been reported, the long-term efficacy and safety of elobixibat in hemodialysis patients with chronic constipation are yet to be elucidated. This study evaluates the efficacy and safety of long-term treatment with elobixibat in hemodialysis patients with chronic constipation.

Methods
This was a single-center observational study. A total of 54 patients who had received elobixibat for at least 24 weeks were enrolled. Data on the frequency of spontaneous bowel movements (SBM), Bristol stool form scale (BSFS), patient satisfaction, constipation scoring system (CSS), interdialytic weight gain, laboratory values including blood electrolyte levels, controlling nutritional status (CONUT) score, and adverse events were collected and retrospectively compared between baseline and the last observation.

Results
Long-term elobixibat treatment in the 54 hemodialysis patients with chronic constipation significantly increased (p < 0.05) the frequency of SBM and mean stool form score assessed as per the BSFS at the last observation (duration of treatment, 24.4 to 240.0 weeks). Patient satisfaction and CSS also improved (p < 0.05). Mean serum phosphorus levels decreased (p < 0.05). The treatment was well tolerated.

Conclusions
Long-term treatment with elobixibat maintained good bowel movement status and patient satisfaction in hemodialysis patients with chronic constipation. Improved dialysis-related laboratory levels were also demonstrated.
Trial registration: UMIN Clinical Trials Registry, UMIN000049865, 22 December 2022, retrospectively registered.
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Background
According to the Report on the Annual Statistical Survey of the Japanese Society for Dialysis Therapy in 2022 [1], 347,474 patients are on hemodialysis in Japan. While the increase in the number of patients has slowed slightly, their mean age is 69.87 years, and the average age of this patient population continues to increase. The Japanese Guidelines for Clinical Management of Bowel Movement Abnormalities, issued in 2023, reported that constipation is more common in hemodialysis patients than people with normal renal function [2]. In addition, constipation symptoms tend to persist for a prolonged period in hemodialysis patients due to dietary and fluid restriction and the use of phosphate or potassium binders. For the treatment of constipation in hemodialysis patients, the use of magnesium oxide has not been recommended because of the risk of hypermagnesemia. As for stimulant laxatives, resistance develops in long-term continuous use, thus only administration on an as-needed basis or for a short period is recommended. Therefore, long-term use of medications to treat constipation symptoms might be problematic in some cases [3–6]. In recent years, intestinal secretagogues (lubiprostone and linaclotide) and osmotic laxatives (macrogol 4000 + electrolyte preparation and lactulose) have been launched for the treatment of chronic constipation. However, all of them have mechanisms of action that can either increase water secretion or cause water retention.
Elobixibat, a novel drug for the treatment of chronic constipation, was launched in Japan in April 2018. It inhibits the ileal bile acid transporter expressed in the epithelial cells of the terminal ileum and prevents bile acid reabsorption, thereby increasing the amount of bile acids flowing into the colon lumen [7]. Owing to the increased amount of bile acids in the colon, it enhances water and electrolyte secretion into the lumen of the large intestine and induces a high amplitude propagating pressure wave. Elobixibat may therefore be a new treatment option because it improves constipation on the basis of an action mechanism completely different from those of conventional drugs for constipation [8, 9].
A Japanese long-term study has demonstrated that the efficacy and safety of elobixibat was maintained for 52 weeks in patients with chronic constipation [10]. For the efficacy and safety of elobixibat in hemodialysis patients with chronic constipation, an increase in the number of bowel movements, improvement of stool form, and no adverse effect on blood electrolytes have been reported at week 4 [11] and week 12 at the Hyakutake Clinic [12]. However, whether elobixibat adversely affects blood electrolyte levels, which have a significant impact on patients requiring hemodialysis, for an extended period of time is unknown.
This study aimed to evaluate the long-term efficacy and safety of elobixibat in hemodialysis patients who had chronic constipation.

Methods
We conducted a single-center observational study in patients who received elobixibat for at least 24 weeks between 19 April 2018 and 14 December 2022 at the Hyakutake Clinic. In the study, the medical records of subject candidates were reviewed, and those who met all of the following inclusion criteria at the start of elobixibat treatment were determined to be eligible for the study: (1) men and women aged 18 years or older, (2) patients with chronic kidney disease (CKD) who have been on hemodialysis for 3 months or more, (3) patients who meet the Rome IV Diagnostic Criteria for Chronic Constipation, and (4) patients who are confirmed to have received elobixibat in accordance with the dosage and administration for 24 weeks or more (concomitant use of other laxatives permitted).
Patients who met the following exclusion criteria were not enrolled: (1) patients with a history of hypersensitivity to elobixibat; (2) patients with documented or suspected intestinal obstruction due to tumors, hernia, etc.; (3) patients with suspected constipation caused by organic disease; and (4) patients who participated in another clinical trial or interventional study during the period from the baseline observation to the last observation or providing informed consent.
As well as patient background characteristics, the frequency of spontaneous bowel movements (SBM), Bristol stool form scale (BSFS), constipation scoring system (CSS), patient satisfaction [assessed by the patient on a 5-point scale (0, very much satisfied to 4, very much dissatisfied)], interdialytic weight gain (IDWG), laboratory values, concomitant medications, and adverse events were collected from medical records at baseline (before elobixibat treatment), week 12, week 24, week 52, week 78, week 104, week 130, week 156, and the last observation. Since improvement of constipation symptoms may be related to amelioration of the intestinal environment, one blood sample was collected after obtaining written consent from patients who were continuing outpatient treatment as of January 2023.
The primary endpoint of this study was a comparison of the frequency of SBM [bowel movements not induced by laxatives (bisacodyl suppositories)/enema or digital evacuation] between baseline and the last observation, which occurred at week 24 or later. Secondary endpoints were comparisons of the frequency of SBM, BSFS, patient satisfaction, CSS, IDWG, blood electrolyte levels [serum inorganic phosphorus (P), potassium (K), sodium (Na), chlorine (Cl), calcium (Ca), and albumin (Alb) levels], serum low-density lipoproteins (LDL)-cholesterol, serum total cholesterol, total lymphocyte count, and patient satisfaction (the proportions of patients with 0, very much satisfied and 1, satisfied) over time from baseline. In addition, correlations were compared for the following items:	Patient satisfaction and each efficacy endpoint

	Nutrition parameters [Alb level, serum total cholesterol, and total lymphocyte count, and controlling nutritional status (CONUT) score [13] calculated from these] in elobixibat responders and nonresponders (patients who required other laxatives at the time of blood collection after informed consent)




For safety endpoints, incidences of adverse events and adverse drug reactions and the rate of elobixibat treatment discontinuation were calculated.
SAS version 9.4 software (SAS Institute Inc., Carey, NC, USA) and R version 4.3.1 software [R Core Team (2021) R: A language and environment for statistical computing. R Foundation for Statistical Computing, Vienna, Austria] were used for preparing analysis datasets and statistical analyses. Reported adverse events were coded using the Medical Dictionary for Regulatory Activities/Japanese version (MedDRA/J Version) 26.0. The efficacy analysis population was defined as patients who met the inclusion criteria, did not meet the exclusion criteria, received elobixibat for at least 24 weeks, and had one or more efficacy assessments at baseline and at week 24 or later. The safety analysis population was defined as patients who met the inclusion criteria and did not meet the exclusion criteria. The comparison of the primary efficacy endpoint was performed by a paired t-test. The comparisons of the secondary efficacy endpoints were carried out by a paired t-test, Bhapkar test, or Wilcoxon signed-rank test. For the relationships between patient satisfaction and the efficacy endpoints, Spearman’s correlation coefficients and maximal information coefficients (MIC) were calculated. The CONUT score was compared between responders and nonresponders by the Wilcoxon signed-rank test. In addition, comparisons of the frequency of SBM and CSS were performed using a paired t-test and Wilcoxon signed-rank test in subgroups of patients in the efficacy analysis population that were defined by baseline age (≥ or < 65 years), sex, the status of concomitant use of phosphate binders, potassium binder, or probiotics, baseline CSS (≥ or < 10), the presence or absence of complications, the presence or absence of diabetic nephropathy, the presence or absence of prior treatment for constipation, the status of concomitant use of laxatives, doses (5, 10, or 15 mg), duration of dialysis (mean, < 5.87 years, ≥ 5.87 years), and CONUT score (normal, 0–1; mild, 2–4; moderate, 5–8; and severe, > 8) as variables.
The numbers of patients with and incidences of all and each adverse event were calculated in the safety analysis population.
A two-sided significance level of 0.05 was used for the tests.
Results were presented as mean ± standard deviation (SD) or percentage. Statistical analyses for this study were performed by an independent organization (SRD Co., Ltd., Tokyo, Japan).

Results
Patients
All 54 hemodialysis patients who received elobixibat for at least 24 weeks at our clinic between 19 April 2018 and 14 December 2022 were determined to be eligible and thus included in the efficacy and safety analysis populations. Of these, blood and feces samples were collected from 34 patients after obtaining written consent in January 2023 or later. Patient background is summarized in Table 1.Table 1Patient background


	Number of patients (male/female) (n)
	54 (27/27)

	Age (years)
(range)
	71.4 ± 10.9
(37–91)

	Duration of dialysis (years)
(range)
	5.87 ± 7.64
(0.2–36.3)

	Male [n (%)]
	27 (50.0)

	Complications [n (%)]

	 Yes
	53 (98.1)

	History of hemodialysis [n (%)]

	 Diabetic nephropathy
	26 (48.1)

	 Chronic glomerulonephritis
	20 (37.0)

	 Nephrosclerosis
	3 (5.6)

	 Polycystic kidney
	2 (3.7)

	 Chronic pyelonephritis
	1 (1.9)

	 Others
	2 (3.7)

	Prior medications (during the 2 weeks preceding baseline) [n (%)]

	 Phosphate binders
	38 (70.4)

	 Laxatives
	34 (63.0)

	 Probiotics
	6 (11.1)

	 Potassium binders
	4 (7.4)

	 Others
	52 (96.3)

	Concomitant medications [n (%)]

	 Phosphate binders
	47 (87.0)

	 Laxatives
	45 (83.3)

	 Probiotics
	26 (48.1)

	 Potassium binders
	3 (5.6)

	 Others
	54 (100.0)


Data in the table represent mean ± standard deviation (SD) unless otherwise specified




Efficacy
Primary Outcome
Elobixibat treatment significantly increased the frequency of SBM (times/week) from 2.0 ± 1.0 at baseline to 4.5 ± 2.2 at the last observation (Fig. 1a).[image: ]
Fig. 1Changes over time in the mean frequency of SBM and stool form score based on the BSFS. Error bars represent the mean ± standard deviation. *p < 0.05. a Paired t test, frequency of SBM; and b Wilcoxon signed-rank test, stool form score based on the BSFS. LO stands for last observation



Secondary outcomes
Comparisons of the frequency of SBM and BSFS after treatment over time versus baseline
The observed frequency of SBM significantly increased at week 12 and later, and the improvement was maintained (Fig. 1a). The stool form score according to the BSFS improved from 1.7 ± 0.7 at baseline to 3.8 ± 1.3 at the last dose; it significantly improved at week 12 and later, and the improvement was maintained (Figs. 1b, 2a).[image: ]
Fig. 2Proportion of stool form scores based on the BSFS and satisfied patients at each timepoint. The BSFS scores and patient satisfaction scores are color coded. a The BSFS scores are as follows: 1–2, hard stools; 3–5, normal stool; and 6–7, soft stool. b Patient satisfaction is assessed on a 5-point scale (0, very much satisfied to 4, very much dissatisfied). LO stands for last observation



Comparison of patient satisfaction after treatment over time versus baseline
The mean change in patient satisfaction from baseline to each time point (weeks 12, 24, 52, 78, 104, 130, and 156, and the last observation; same applies hereinafter) was −1.8 ± 0.9, −1.9 ± 0.9, −1.9 ± 1.0, −2.0 ± 0.9, −1.9 ± 0.9, −1.7 ± 1.4, −1.9 ± 1.3, and −1.9 ± 1.2, respectively, showing improvement at all timepoints (Fig. 2b).

Comparison of CSS and each component after treatment over time versus baseline
The mean changes from baseline in the CSS, frequency of bowel movements, painful evacuation, feeling of incomplete evacuation, and unsuccessful attempts for evacuation per 24 h statistically significantly decreased at all timepoints from week 12, and they significantly improved at the last observation as well (Fig. 3). The mean changes from baseline in abdominal pain and minutes in lavatory per attempt significantly improved at the last observation, while no significant difference was found at any timepoints (Fig. 3). For the mean changes from baseline in assistance for evacuation and duration of constipation, no significant difference was found at any of the timepoints (Fig. 3).[image: ]
Fig. 3Bar chart of the mean CSS and each component at each timepoint. CSS is a self-reported measure with a total score of 30 scores. *p < 0.05; Wilcoxon signed-rank test. LO stands for last observation



Comparison of IDWG, serum LDL-cholesterol, P, K, Na, Cl, Ca, Alb, and BUN levels after treatment over time versus baseline
The mean change in IDWG from baseline to each timepoint was −0.19 ± 1.35%, −0.01 ± 1.59%, −0.15 ± 1.54%, −0.42 ± 1.56%, −0.33 ± 1.27%, −0.47 ± 1.23%, −0.68 ± 1.08%, and −0.55 ± 1.74%, respectively; showing a statistically significant decrease at week 156 and at the last observation (Fig. 4a).[image: ]
Fig. 4Changes over time in the mean IDWG, serum LDL-cholesterol, P, K, Na, Cl, Ca, and Alb levels. Error bars represent the mean ± standard deviation. *p < 0.05; paired t-test. a IDWG; b serum LDL-cholesterol level; c serum P level; d serum K level; e serum Na level; f serum Cl level; g serum Ca level; and h serum Alb level. LO stands for last observation


The mean change in serum LDL-cholesterol from baseline to each timepoint was −5.7 ± 12.8 mg/dL, −7.4 ± 27.6 mg/dL, −12.1 ± 28.8 mg/dL, −12.8 ± 30.4 mg/dL, −16.9 ± 26.3 mg/dL, −17.1 ± 35.0 mg/dL, −11.2 ± 21.0 mg/dL, and −11.1 ± 29.9 mg/dL, respectively, showing statistically significant decreases at weeks 52, 78, and 104 and at the last observation (Fig. 4b).
The observed serum P level significantly decreased from 5.12 ± 1.19 mg/dL at baseline to 4.40 ± 1.16 mg/dL at the last observation (Fig. 4c). The observed serum K level increased from 4.31 ± 0.84 mEq/L at baseline to 4.43 ± 0.70 mEq/L at the last observation, showing no significant change (Fig. 4d). The observed serum Na level significantly decreased from 138.4 ± 2.9 mEq/L at baseline to 137.3 ± 3.0 mEq/L at the last observation (Fig. 4e). The observed serum Cl level was 103.1 ± 3.1 mEq/L at baseline and 103.1 ± 3.3 mEq/L at the last observation, showing no significant change (Fig. 4f). The observed serum Ca level significantly increased from 8.91 ± 0.46 mg/dL at baseline to 9.24 ± 0.61 mg/dL at the last observation (Fig. 4g). The observed serum Alb level decreased from 3.45 ± 0.31 g/dL at baseline to 3.38 ± 0.41 g/dL at the last observation, showing no significant change (Fig. 4h).
Blood urea nitrogen (BUN) values from baseline to each timepoint did not change. (data not shown).

Spearman’s correlation coefficients between patient satisfaction and each efficacy endpoint
When assuming that an absolute Spearman’s correlation coefficient of 0.6 or greater indicates a strong correlation, the Spearman’s correlation coefficient between patient satisfaction and the frequency of SBM was 0.634, 0.643, 0.815, and 0.803 at weeks 24, 78, 104, and 130, respectively, demonstrating a positive correlation. Spearman’s correlation coefficient between patient satisfaction and the BSFS score was 0.608, 0.762, 0.647, 0.733, and 0.705 at weeks 52, 78, 104, 130, and 156, respectively, showing a positive correlation. Spearman’s correlation coefficient between patient satisfaction and CSS was −0.773, −0.607, −0.776, −0.809, −0.809, and −0.618 at weeks 24, 52, 104, 130, and 156 and at the last observation, respectively, showing a negative correlation (Additional file 1: Table A1).
Furthermore, in case of assuming that an absolute MIC correlation coefficient of 0.6 or greater indicates a strong correlation, the MIC correlation coefficient between patient satisfaction and the frequency of SBM was 0.638 and 0.682 at weeks 104 and 130, respectively, showing a positive correlation. MIC correlation coefficient between patient satisfaction and BSFS was 0.621 and 0.656 at week 78 and at the last observation, respectively, showing a positive correlation. MIC correlation coefficient between patient satisfaction and CSS was 0.626 and 0.661 at weeks 130 and 156, respectively, showing a positive correlation (Additional file 1: Table A2).Table 2Summary of adverse events and adverse drug reactions


	Number of patients in the analysis population
	Any
	By severity

	n = 54
	n (%)
	Mild
	Moderate
	Severe

	Adverse events*
	10 (18.5)
	10 (18.5)
	0 (0.0)
	0 (0.0)

	Gastrointestinal disorders
	10 (18.5)
	10 (18.5)
	0 (0.0)
	0 (0.0)

	 Abdominal pain
	2 (3.7)
	2 (3.7)
	0 (0.0)
	0 (0.0)

	 Diarrhea
	10 (18.5)
	10 (18.5)
	0 (0.0)
	0 (0.0)

	 Nausea
	1 (1.9)
	1 (1.9)
	0 (0.0)
	0 (0.0)


*All reported adverse events were assessed as related to elobixibat




Comparison of nutrition index between elobixibat responders and nonresponders
The median change in the CONUT score from baseline to each timepoint was 0.0, 0.0, 1.0, 0.0, 1.0, 0.5, 1.0, and 0.0, respectively, showing a significant increase at weeks 12, 52 and 156 (Additional file 1: Table A3).
In the responders, the median change in the CONUT score from baseline to each timepoint was 0.0, −1.0, 0.0, 1.0, 0.0, 0.0, 1.0, and 0.0, respectively, showing no significant change. In the nonresponders, the median change in the CONUT score from baseline to each timepoint was 1.0, 0.5, 1.0, 0.5, 1.0, 1.0, 1.5, and 0.5, respectively, demonstrating a significant increase at weeks 130 and 156. The change was not significant at weeks 12, 24, 52, 78, or 104 or at the last observation. The change between the responders and nonresponders was not significant at any of the timepoints (Additional file 1: Table A4).



Subgroup analyses
For the mean change from baseline in the frequency of SBM, there was no significant change in the subgroup with a baseline CSS of < 10 and baseline CONUT score of 0–1, normal, whereas a significant change was demonstrated in the other subgroups. The median changes from baseline in the CSS and each component were generally similar among all subgroups, and there was no notable change.

Safety
The incidence of adverse events was 18.5% (10/54 patients; 14 cases). That of diarrhea was 18.5% (10/54 patients), abdominal pain was 3.7% (2/54 patients), and nausea was 1.9% (1/54 patients). All reported adverse events were assessed as related to elobixibat. No serious adverse event occurred, and all events were mild in severity (Table 2).
The proportion is the number of patients with an adverse event divided by number of patients in the total analysis population; MedDRA/J (ver.26.0)
Of the reported adverse events, six events resolved without treatment, seven events resolved after a reduction in the elobixibat dose, and one event abated after discontinuation of elobixibat. Elobixibat was discontinued in 3.7% of patients (2/54 patients). The reasons for discontinuation were improvement of symptoms and adverse events in one patient each.


Discussion
Constipation symptoms, which frequently occur in hemodialysis patients, are likely to persist for a prolonged period due to their inherent characteristics, and consequently their treatment may also be prolonged [6]. In recent years, the average age of patients undergoing hemodialysis has been increasing, with a corresponding increase in the incidence of constipation. In this study, data on the long-term efficacy and safety of elobixibat were collected from patients with a range of constipation symptoms [12]. The elderly aged 65 years or older accounted for 80% of the patient population, and the mean duration of dialysis exceeded 5 years. These factors appear to reflect the actual circumstances of elderly hemodialysis patients undergoing prolonged treatment. It was shown that in these patients, elobixibat maintained the improvement in constipation symptoms without reduction in the effect for a maximum of 240.0 weeks (median 104.6 weeks). The symptoms of constipation include not only a decrease in the number of bowel movements, but also hard stools, difficulty in defecation, and abdominal pain [14]. Elobixibat is useful for improving these constipation symptoms (CSS) in hemodialysis patients for an extended period, and patient satisfaction due to improved defecation was maintained.
The cause of constipation unique to hemodialysis patients may be their resistance to the desire to defecate due to anxiety over passing a bowel movement during hemodialysis [15]. Resisting a desire to defecate is known to reduce rectal sensation, which in turn leads to a loss of the desire to defecate. Unpredictable defecation timing can lead to severe anxiety and further limits activities of daily living [15]. Elobixibat has been shown to restore the desire to defecate [16] by decreasing rectal sensory thresholds due to the increase in bile acids [9] and can thus address the cause of constipation specific to hemodialysis patients. In addition, the time until the onset of SBM after administration has been reported to be almost constant [17]; thus, it is expected to eliminate the anxiety of not knowing when the desire to pass a stool might arise. In our study, elobixibat was administered before lunch (68.5%) or dinner (31.5%) after hemodialysis and the findings indicate that treatment can be continued for an extended period by controlling the onset of the desire to defecate during hemodialysis by controlling the administration timing of elobixibat.
It has been reported that hyperphosphatemia elevates the risk of cardiovascular death via vascular calcification [18], and a high IDWG in hemodialysis patients is associated with death [19]. Hence, strict phosphorus management and weight control contribute to improving the life expectancy of hemodialysis patients [20]. This study demonstrated that significant decreases in the serum P level and IDWG by elobixibat shown in the preceding study were maintained for an extended period. For IDWG, while there was a significant difference at the last evaluation point, unlike that in the preceding study [12], it did not improve at week 12. This can be attributed to the fact that there were many patients whose weight was well controlled in this study: baseline IDWG was 5.66% in the preceding study while it was as low as 4.65% in this study. Both improvement of constipation symptoms and long-term reductions in the serum P level and IDWG by elobixibat suggest that the usefulness of elobixibat in managing phosphorus and controlling weight in hemodialysis patients is maintained for a prolonged period. Therefore, it is reasonable to expect that the life expectancy of hemodialysis patients will be improved.
Laxatives may affect electrolytes: There is a relationship between the abuse of laxatives and a decrease in blood K levels [21] and the risk of hypermagnesemia associated with magnesium oxide. Particularly in hemodialysis patients, renal regulation of the electrolyte balance is inadequate, thus electrolytes must be monitored for any sign of abnormalities. This study showed that long-term elobixibat treatment did not affect serum levels of K or Cl. There were significant changes in serum levels of Na and Ca at the last observation, but the degree of these changes was small, thus elobixibat was not found to have adversely affected them.
In this study, diarrhea, abdominal pain, and nausea were reported to be adverse drug reactions associated with elobixibat. These adverse drug reactions also occurred in a double-blind placebo-controlled study in patients with chronic constipation [10] and a report on the use of elobixibat in hemodialysis patients [12]. All the cases were mild and raised no new safety concerns regarding its long-term use in hemodialysis patients. The incidence of each of these adverse drug reactions is similar to that observed in our preceding study [12], and the incidence did not greatly change even when the study period was extended. Therefore, new adverse drug reactions to elobixibat are unlikely to occur from week 12 onward.
Of note, since this is a single-center study, site bias may have had an effect. This study scale is small, and these findings have little number of cases. In addition, the efficacy evaluation of elobixibat is the result of a retrospective analysis of medical records.

Conclusions
Elobixibat was shown to be an effective treatment for chronic constipation in hemodialysis patients and findings indicate that good bowel movement status and patient satisfaction were maintained even during long-term treatment of 24 weeks or more. Treatment also tended to improve dialysis-related laboratory values such as a decrease in serum P levels.
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