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Purpose: Patients with irritable bowel syndrome with constipation (IBS-C) experience abdominal pain with altered bowel move
ments. Plecanatide is indicated as IBS-C treatment in adults. This integrated analysis further characterizes plecanatide efficacy and 
safety in IBS-C.
Patients and Methods: Data pooled from 2 identically designed phase 3 trials included adults with IBS-C randomized to plecanatide 
3 mg or 6 mg, or placebo once daily for 12 weeks. A daily diary recorded stool frequency/symptoms, with abdominal pain, bloating, 
cramping, discomfort, fullness, and straining intensity individually rated. Overall response (primary endpoint) was defined as ≥30% 
improvement from baseline in average worst abdominal pain severity and increase of ≥1 complete spontaneous bowel movement, 
during same week (composite), for ≥6 of 12 weeks. Secondary endpoints included sustained response (overall response, plus meeting 
weekly composite criteria during ≥2 of last 4 treatment weeks) and changes from baseline in individual symptoms. Safety assessments 
included adverse event monitoring.
Results: Overall, 2176 patients (74.0% female; mean [SD] age, 43.5 [14.1] years) were included in efficacy analyses (plecanatide 
3 mg [n = 724], 6 mg [n = 723], placebo [n = 729]). A significantly greater percentage of patients achieved overall response with 
plecanatide 3 mg (25.6%) and 6 mg (26.7%) versus placebo (16.0%; both P < 0.001 vs placebo). A significantly greater percentage of 
patients were sustained responders with plecanatide 3 mg (24.3%) and 6 mg (25.6%) versus placebo (15.6%; both P < 0.001 vs 
placebo). Significant improvements from baseline in abdominal discomfort, abdominal fullness, abdominal pain, bloating, and 
cramping occurred as early as Week 1 (Week 2 for abdominal pain) with plecanatide and were maintained through Week 12 versus 
placebo. Diarrhea, the most common adverse event, occurred in 4.3% (3 mg), 4.0% (6 mg) and 1.0% (placebo) of patients, leading to 
study discontinuation in 1.2%, 1.4%, and 0 patients, respectively.
Conclusion: Plecanatide is safe and effective for treating global and individual IBS-C symptoms.
Keywords: abdominal pain, bloating, functional GI disorders, guanylate cyclase-C agonist, irritable bowel syndrome

Introduction
Irritable bowel syndrome (IBS) with constipation (IBS-C) is a prevalent disorder of gut–brain interaction characterized 
by recurrent abdominal pain associated with hard and/or infrequent bowel movements.1 Patients with IBS-C report that 
abdominal pain is bothersome and interferes with daily activities to a greater degree than for patients with other IBS 
subtypes.2 Furthermore, patients with IBS-C typically experience additional symptoms, including bloating, abdominal 
distension, and straining, which can be a challenge for health care providers to manage.1,3,4 Patients with IBS-C have 
reported impaired quality of life, reduced work productivity, and increased direct and indirect health care expenditures.5–8 

Although prescription and over-the-counter treatments are available for the wide-ranging abdominal and bowel 
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symptoms, including symptom intensity experienced by patients with IBS-C, approximately one-third of patients or less 
report utilizing these therapies.3,4,9

Plecanatide 3-mg tablet is a guanylate cyclase-C agonist approved for the treatment of adults with IBS-C or chronic 
idiopathic constipation.10 The efficacy and safety of plecanatide for the treatment of IBS-C in adults were demonstrated in two 
identical, randomized, double-blind, placebo-controlled, phase 3 clinical trials that showed overall response, abdominal, and 
bowel symptoms were significantly improved with plecanatide versus placebo.11 Patients also reported significantly greater 
treatment satisfaction with plecanatide compared with placebo.11 The aim of this integrated efficacy and safety analysis was to 
further examine the efficacy and safety of 2 dosages of plecanatide for the treatment of patients with IBS-C.

Materials and Methods
Patients and Study Design
Data were pooled from 2 identically designed, randomized, double-blind, placebo-controlled phase 3 clinical trials 
(ClinicalTrials.gov identifiers NCT02387359 and NCT02493452).11 Both the patient populations and study designs have 
been described previously.11 Briefly, adults aged 18 to 85 years with IBS-C (Rome III criteria) and body mass index of 18 to 
40 kg/m2 were randomly assigned (1:1:1 allocation) to once-daily oral treatment with plecanatide 3 mg, plecanatide 6 mg, or 
placebo for 12 weeks. For patients who did not have a bowel movement for ≥72 hours, administration of bisacodyl 5 mg 
tablets, per prescribing information, was permitted as a laxative (rescue medication) for a maximum of 2 days in a given week.

The study protocols were approved by the institutional review boards (IRBs)/ethics committees of the participating 
centers and a central IRB (Schulman IRB, Cincinnati, OH). The trials were conducted in accordance with 
the International Conference for Harmonisation guidance for Good Clinical Practice and the ethical principles of the 
Declaration of Helsinki. All participants provided written informed consent prior to admission in the trials. As the data 
presented herein are from a pooled analysis of deidentified data previously collected under the original trial approvals, 
additional IRB approval was not obtained.

Assessments
Bowel movement frequency, completeness, and symptom intensity were recorded via a daily electronic diary. Abdominal pain, 
abdominal discomfort, abdominal fullness, bloating, cramping, and straining were individually rated daily using an 11-point scale 
(range, 0 [“no or none”] to 10 [“worst possible”]). A patient global assessment of abdominal pain, IBS symptoms, and IBS 
disease severity was also recorded at baseline and Week 12. These were determined by the following questions: “How would you 
rate your abdominal pain overall over the past 7 days?” (5-point scale of 2 [“significantly relieved”], 1 [“moderately relieved”], 0 
[“unchanged”], −1 [“moderately worse”], −2 [“significantly worse”]); “How would you rate your IBS signs and symptoms 
overall over the past 7 days?” (5-point scale of 2 [“significantly relieved”], 1 [“moderately relieved”], 0 [“unchanged”], −1 
[“moderately worse”], −2 [“significantly worse”]); and “How would you rate the severity of your IBS symptoms at their worst 
over the past 7 days?” (5-point scale of 1 [“none”], 2 [“mild”], 3 [“moderate”], 4 [“severe”], 5 [“very severe”]).

The primary efficacy endpoint for both trials was the percentage of patients with an overall response, defined as 
a composite of abdominal pain response (≥30% improvement from baseline in average worst abdominal pain severity) 
and stool frequency response (increase from baseline of ≥1 complete spontaneous bowel movement [CSBM]), during the 
same week, for ≥6 of 12 treatment weeks. A key secondary efficacy endpoint was the percentage of patients with 
sustained response (overall response, plus meeting weekly composite criteria during ≥2 of last 4 treatment weeks). 
Additional secondary efficacy endpoints included changes from baseline in abdominal pain, abdominal discomfort, 
abdominal fullness, bloating, and cramping during the overall 12-week treatment period, and by week. The mean change 
from baseline in spontaneous bowel movements (SBMs) and CSBMs was also determined. Safety assessments included 
monitoring the incidence and severity of adverse events (AEs) and changes in vital signs and clinical laboratory tests.

Statistical Analyses
Efficacy analyses were conducted in the intent-to-treat (ITT) population, which included all nonduplicative randomized 
patients who received ≥1 dose of study drug, and the safety population, which included all patients who received ≥1 dose of 
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study drug (included duplicative patients who participated at ≥1 site or trial [n = 13]). P values for response rate comparisons 
were determined using the Cochran-Mantel-Haenszel test, stratified by gender. P values were calculated for least-squares 
mean (LSM) data using a linear mixed-effects model with fixed effects for gender (stratification variable), treatment, week, 
interaction of treatment and week, the corresponding baseline value, and a random intercept for patient, with the model taking 
into account repeated measurements for each patient. Safety was reported using descriptive statistics.

Results
A total of 2176 nonduplicative patients with IBS-C were included in the ITT population (plecanatide 3 mg [n = 724], 
plecanatide 6 mg [n = 723], and placebo [n = 729]), and 2182 patients were included in the safety population (including 
duplicative patients participating at ≥1 site or trial; plecanatide 3 mg [n = 726], plecanatide 6 mg [n = 726], and placebo 
[n = 730]). Baseline demographic and disease characteristics in the ITT population were similar among treatment groups 
(Table 1). Overall, approximately three-quarters of patients were female and white, and the mean age was 43.5 years. 

Table 1 Baseline Demographic and Disease Characteristics

Characteristic Plecanatide 3 mg (n=724) Plecanatide 6 mg (n=723) Placebo (n=729)

Age
Mean, y (SD) 43.5 (14.2) 43.1 (13.8) 43.9 (14.2)

≥65 y, n (%) 63 (8.7) 49 (6.8) 64 (8.8)

Female, n (%) 534 (73.8) 536 (74.1) 540 (74.1)

Mean BMI, kg/m2 (SD) 28.2 (4.8) 28.1 (4.9) 28.0 (4.8)

Race/ethnicity, n (%)
White 527 (72.8) 515 (71.2) 536 (73.5)

Black 155 (21.4) 177 (24.5) 160 (21.9)

Asian 33 (4.6) 25 (3.5) 25 (3.4)
Other 9 (1.2) 6 (0.8) 8 (1.1)

Mean bowel movement frequency per week, n (SD)
SBMs 1.5 (1.1) 1.5 (1.1) 1.4 (1.1)

CSBMs 0.2 (0.5) 0.3 (0.5) 0.2 (0.5)

Mean stool consistency score (SD) 2.0 (0.9)* 1.9 (0.9)† 2.0 (1.0)‡

Mean straining score (SD) 6.7 (1.9)§ 6.7 (1.9)¶ 6.6 (1.9)#

Abdominal symptoms

Mean abdominal pain score (SD) 6.3 (1.7)** 6.2 (1.8)†† 6.3 (1.7)‡‡

Mean abdominal discomfort score (SD) 6.4 (1.6)** 6.4 (1.7)†† 6.4 (1.6)‡‡

Mean abdominal fullness score (SD) 6.5 (1.7)** 6.4 (1.8)†† 6.5 (1.7)††

Mean bloating score (SD) 6.5 (1.7)** 6.4 (1.8)†† 6.5 (1.8)‡‡

Mean cramping score (SD) 6.0 (1.9)** 5.9 (2.0)†† 6.0 (2.0)††

Mean patient global rating, n (SD)

Abdominal pain −0.4 (0.7)§§ −0.4 (0.7)¶¶ −0.3 (0.7)¶¶

IBS symptoms −0.3 (0.8)## −0.3 (0.7)§§ −0.3 (0.7)§§

IBS disease severity 3.6 (0.7)*** 3.5 (0.7)## 3.6 (0.7)##

Notes: *n=625. †n=615. ‡n=627. §n=690. ¶n=674. #n=676. **n=719. ††n=716. ‡‡n=717. §§n=689. ¶¶n=688. ##n=691. ***n=693. Stool consistency was determined using the 7-point 
Bristol Stool Form Scale (range, type 1 [“separate hard lumps, like nuts (hard to pass)”] to type 7 [“watery, no solid pieces, entirely liquid”]). Straining, abdominal pain, abdominal 
discomfort, abdominal fullness, bloating, and cramping were measured using an 11-point scale (range, 0 [“no or none”] to 10 [“worst possible”]). Patient global ratings were determined 
using a 5-point scale for abdominal pain and IBS symptoms (range, −2 [“significantly worse”] to 2 “[significantly relieved”]) and IBS disease severity (range, 1 [“none”] to 5 [“very severe”). 
Abbreviations: BMI, body mass index; CSBM, complete spontaneous bowel movement; IBS, irritable bowel syndrome; SBM, spontaneous bowel movement.
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Mean baseline abdominal symptom scores were approximately 6.5 (Table 1), indicating moderate symptom intensity. 
A total of 1857 (85.3%) patients in the ITT population completed the trials.

The percentage of overall responders (primary efficacy endpoint) was significantly greater with plecanatide 3 mg 
(25.6%) and plecanatide 6 mg (26.7%) compared with placebo (16.0%; P < 0.001 vs placebo for both Figure 1). For the 
individual components of overall response, a significantly greater percentage of patients treated with plecanatide 3 mg or 
6 mg were abdominal pain and stool frequency responders for ≥6 of 12 treatment weeks compared with placebo (P < 
0.001 vs placebo, all comparisons; Figure 1). Furthermore, a significantly greater percentage of patients in the plecana
tide dose groups were sustained responders compared with placebo (P < 0.001 vs placebo for both Figure 1). Individual 
abdominal symptoms assessed by week showed significant differences in LSM change from baseline versus placebo for 
both plecanatide doses starting at Week 2 for abdominal pain (Figure 2A) and Week 1 for abdominal discomfort 
(Figure 2B), abdominal fullness (Figure 2C), bloating (Figure 2D), and cramping (Figure 2E) up to Week 12 (end of 
treatment period). As expected, improvements started to decline during the 2-week posttreatment period; however, 
differences favoring plecanatide (either or both doses) versus placebo were observed for most abdominal symptoms 
(Figures 2A–E).

Across the 12-week treatment period, significant improvements from baseline with plecanatide 3 mg and 6 mg were 
observed for bowel movement frequency, as well as SBMs/week and CSBMs/week (P < 0.001 vs placebo, all 
comparisons Table 2). Furthermore, LSM changes from baseline in patient global ratings of abdominal pain, IBS 
symptoms, and IBS disease severity were superior for both plecanatide doses versus placebo across the 12-week 
treatment period (P < 0.001 vs placebo, all comparisons Table 2).

Plecanatide 3 mg and 6 mg were generally well tolerated (Table 3). The most common reasons for discontinuation 
in the safety population (n = 2182) were withdrawal of consent (5.5%), loss to follow-up (3.6%), and ≥1 AE (1.6%). 
The most commonly reported AE with plecanatide treatment was diarrhea, occurring in 4.3% of patients treated with 
plecanatide 3 mg, and 4.0% of patients treated with plecanatide 6 mg, compared with 1.0% of patients treated with 
placebo (Table 3). Serious AEs were comparable among the 3 groups, occurring in 0.8% and 0.7% of patients 
receiving plecanatide 3 mg and 6 mg, respectively, and 0.8% of patients receiving placebo. The percentage of patients 
with an AE leading to treatment discontinuation was greater with plecanatide 3 mg and 6 mg than with placebo (2.5% 

Figure 1 Percentage of responders. 
Notes: *P<0.001 vs placebo. †≥6 of 12 treatment weeks. Overall response was defined as abdominal pain response (≥30% decrease from baseline in the weekly average of 
worst abdominal pain severity) and stool frequency response (increase from baseline of ≥1 complete spontaneous bowel movement) during the same week for ≥6 of 12 
treatment weeks (ie, composite). Sustained response was defined as overall response plus meeting weekly abdominal pain and stool frequency response composite criteria 
during ≥2 of last 4 treatment weeks.
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and 2.2%, vs 0.4%), with discontinuation from the study due to the AE of diarrhea reported in 1.2%, 1.4%, and 0 
patients, respectively.

Discussion
Irritable bowel syndrome with constipation is characterized by recurrent abdominal pain with hard and/or infrequent bowel 
movements.1 Over 90% of patients with constipation utilize only over-the-counter agents to treat their constipation, and 
approximately two-thirds have never discussed their constipation with a health care provider.12 When patients seek health 
care for constipation, over-the-counter agents, exercise, and dietary changes are frequently recommended by providers for 
managing symptoms.13 However, it is important to note that the American College of Gastroenterology guideline for 
management of IBS recommends against the use of polyethylene glycol, which is approved by the US Food and Drug 
Administration (FDA) for constipation, given that clinical trials have demonstrated efficacy for bowel, but not sensory, 
symptoms in patients with IBS-C.14–16 Indeed, patients with IBS-C typically experience other abdominal symptoms in 

Figure 2 LSM changes from baseline in (A) abdominal pain, (B) abdominal discomfort, (C) abdominal fullness, (D) bloating, and (E) cramping by week during the 12-week 
treatment period and 2-week posttreatment period. 
Notes: *P≤0.001 vs placebo. †P≤0.01 vs placebo. ‡P≤0.05 vs placebo. 
Abbreviation: LSM, least-squares mean.
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Table 2 Secondary Efficacy Outcomes Across 12 Weeks of Treatment

Outcome Plecanatide 3 mg 
(n=724)

Plecanatide 6 mg 
(n=723)

Placebo (n=729)

Change from baseline in SBMs/week

LSM (SE) 1.5 (0.1) 1.6 (0.1) 0.8 (0.1)

Difference vs placebo (95% CI) 0.8 (0.5, 1.1) 0.8 (0.6, 1.1)
P value vs placebo <0.0001 <0.0001

Change from baseline in CSBMs/week
LSM (SE) 1.2 (0.1) 1.4 (0.1) 0.7 (0.1)

Difference vs placebo (95% CI) 0.5 (0.3, 0.7) 0.7 (0.5, 0.9)
P value vs placebo <0.001 <0.001

Change from baseline in straining*
LSM (SE) −2.0 (0.1) −2.1 (0.1) −1.4 (0.1)

Difference vs placebo (95% CI) −0.6 (−0.8, −0.4) −0.7 (−0.9, −0.5)

P value vs placebo <0.001 <0.001

Change from baseline in patient global rating—abdominal pain†

LSM (SE) 1.1 (0) 1.2 (0) 0.9 (0)
Difference vs placebo (95% CI) 0.2 (0.1, 0.3) 0.3 (0.2, 0.4)

P value vs placebo <0.0001 <0.0001

Change from baseline in patient global rating—IBS symptoms‡

LSM (SE) 1.1 (0) 1.2 (0) 0.9 (0)

Difference vs placebo (95% CI) 0.2 (0.1, 0.3) 0.3 (0.2, 0.3)
P value vs placebo <0.0001 <0.0001

Change from baseline in patient global rating—IBS disease 
severity§

LSM (SE) −1.0 (0) −1.0 (0) −0.8 (0)

Difference vs placebo (95% CI) −0.2 (−0.2, −0.1) −0.2 (−0.3, −0.1)
P value vs placebo <0.0001 <0.0001

Notes: *Rated on an 11-point scale (range, 0 [“no or none”] to 10 [“worst possible”]). †Response to question of “How would you rate your abdominal pain overall over the 
past 7 days?” (5-point scale of 2 [“significantly relieved”], 1 [“moderately relieved”], 0 [“unchanged”], −1 [“moderately worse”], −2 [“significantly worse”]). ‡Response to 
question of “How would you rate your IBS signs and symptoms overall over the past 7 days?” (5-point scale of 2 [“significantly relieved”], 1 [“moderately relieved”], 0 
[“unchanged”], −1 [“moderately worse”], −2 [“significantly worse”]). §Response to question of “How would you rate the severity of your IBS symptoms at their worst over 
the past 7 days?” (5-point scale of 1 [“none”], 2 [“mild”], 3 [“moderate”], 4 [“severe”], 5 [“very severe”]). Bold font indicates statistical significance. 
Abbreviations: CSBM, complete spontaneous bowel movement; IBS, irritable bowel syndrome; LSM, least-squares mean; SBM, spontaneous bowel movement.

Table 3 Adverse Events (Safety Population)

Patient with an AE, n (%) Plecanatide 3 mg (n=726) Plecanatide 6 mg (n=726) Placebo (n=730)

≥1 AE 173 (23.8) 144 (19.8) 136 (18.6)

≥1 treatment-related AE* 48 (6.6) 47 (6.5) 24 (3.3)
≥1 SAE 6 (0.8)† 5 (0.7)‡ 6 (0.8)§

≥1 AE leading to discontinuation 18 (2.5) 16 (2.2) 3 (0.4)

Diarrhea leading to discontinuation 9 (1.2) 10 (1.4) 0

Patients with ≥1 AE possibly associated with treatment¶ 40 (5.5) 38 (5.2) 19 (2.6)

By AE intensity#

Mild 96 (13.2) 78 (10.7) 85 (11.6)

Moderate 60 (8.3) 55 (7.6) 44 (6.0)
Severe 17 (2.3) 11 (1.5) 7 (1.0)

(Continued)
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addition to abdominal pain and decreased stool frequency, and the level of intensity that patients experience with these 
symptoms varies.1,3,4 One such symptom is bloating, which has been reported to be more severe in patients with IBS with 
abdominal pain/discomfort versus patients without abdominal pain/discomfort.17 Thus, the rate of improvement in other IBS- 
C symptoms, timing for when the improvement may occur, and persistence of response are important considerations for 
patients and health care providers when choosing amongst therapies. Both plecanatide doses resulted in significant reductions 
in bloating, abdominal discomfort, abdominal fullness, and cramping by the end of Week 1 of treatment and in abdominal 
pain by Week 2; these findings had not been reported previously. Furthermore, significant increases in frequency of complete 
bowel movements were identified beginning at Week 1 compared with placebo, and this was maintained throughout all 12 
weeks of treatment. These new results support symptom improvements beyond bowel movement frequency, and they provide 
valuable insight into how quickly patients with IBS-C may experience these benefits with plecanatide. These results also 
provide a better understanding of the overall patient experience with treatment (not previously reported), as patient global 
ratings of abdominal pain, IBS symptoms and IBS disease severity were improved with plecanatide compared with placebo. 
Plecanatide also exhibited a favorable safety profile with the most common AE of diarrhea, which occurred in a small 
percentage of patients in both plecanatide treatment groups (~4%). This is an important finding given that, in a survey of 
adults with IBS-C (n = 1311), 23% of patients reported diarrhea as the reason for being dissatisfied with treatment, and 41% 
of providers cited treatment-related diarrhea as a challenge for managing this patient population.13

The findings of these efficacy and safety analyses expand on previously reported trial data of plecanatide for the 
treatment of IBS-C,11 including characterization of weekly response to treatment. The current FDA-recommended dosage 
is plecanatide 3 mg once daily for the treatment of IBS-C.

Strengths of this integrated analysis include the large population of adults with IBS-C who were examined and the more 
extensive analysis of individual endpoints representing symptoms commonly experienced by patients with IBS-C. Limitations 
include the duration of treatment (12 weeks) and limited follow-up (2 weeks posttreatment). This minimized ability to interpret 
the duration of individual abdominal symptom benefits with plecanatide >2 weeks after treatment discontinuation, although it 
is not expected that this minimally absorbed therapeutic would continue to provide symptom benefits upon discontinuation. 
Although these analyses did not focus on specific subgroups of patients with IBS-C and/or patterns of response (eg, time to 
decrease of severity of specific symptoms, patients most/least likely to be responders for specific symptoms), the findings of 
these pooled analyses provide further, and more comprehensive, support for plecanatide being efficacious and safe in the 
treatment of the wide range of abdominal and bowel symptoms that patients with IBS-C may experience.

Conclusion
Plecanatide is safe and effective for the treatment of global and individual symptoms in adults with IBS-C.

Table 3 (Continued). 

Patient with an AE, n (%) Plecanatide 3 mg (n=726) Plecanatide 6 mg (n=726) Placebo (n=730)

Most common AEs#

Diarrhea 31 (4.3) 29 (4.0) 7 (1.0)
Headache 16 (2.2) 14 (1.9) 16 (2.2)

Nausea 12 (1.7) 8 (1.1) 7 (1.0)

Nasopharyngitis 11 (1.5) 6 (0.8) 9 (1.2)
Upper respiratory tract infection 9 (1.2) 3 (0.4) 6 (0.8)

Influenza 7 (1.0) 3 (0.4) 9 (1.2)

Urinary tract infection 7 (1.0) 11 (1.5) 5 (0.7)

Notes: *Probable, possible, or missing relationship with treatment. †One case of each of the following: acute cholecystitis, asthma, drowning, lymphadenitis, transaminases 
increased, viral infection. ‡One case with hepatitis C and transaminases increased and 1 case of each of the following: affective disorder, costochondritis, liver function test 
abnormal, and suicidal ideation. §One case of myalgia, multiple sclerosis relapse, and suicidal ideation and 1 case of each of the following: alanine aminotransferase increased, 
bipolar disorder, hepatic enzyme increased, cartilage injury, and psychotic disorder. ¶≥1.0% of patients in any group. #By maximum AE severity. 
Abbreviations: AE, adverse event; SAE, serious adverse event.
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Data Sharing Statement
Qualified researchers interested in obtaining access to trial data should submit a detailed research proposal and data 
access request to datasharing@bauschhealth.com. For more information, please see https://www.bauschhealth.com/ESG/ 
access-to-clinical-study-data.
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International Conference for Harmonisation guidance for Good Clinical Practice and the ethical principles of the Declaration 
of Helsinki. All participants provided written informed consent prior to admission in the trials. As the data presented herein are 
from a pooled analysis of de-identified data previously collected under the original trial approvals, additional IRB approval 
was not obtained.
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