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EXECUTIVE SUMMARY 
Dexlansoprazole, the R-enantiomer of lansoprazole, is the sixth proton pump inhibitor (PPI) marketed in the U.S. for the healing and maintenance of erosive esophagitis and the fifth PPI to be approved by the Food and Drug Administration (FDA) for symptomatic treatment of nonerosive gastroesophageal reflux disease (GERD).
Dexlansoprazole is formulated using dual delayed-release (DDR) technology with two types of pH-dependent granules. One type immediately releases drug with a peak concentration occurring within 1–2 hours after administration. The second type slowly releases drug, producing a second peak 4-5 hours after administration. 
The recommended dose of dexlansoprazole DDR is 60 mg/day for 8 weeks for the treatment of erosive esophagitis, 30 mg/day for 6 months for maintenance of healed erosive esophagitis, and 30 mg/day for 4 weeks for symptomatic GERD.  Dosage adjustment is recommended for moderate hepatic dysfunction.
Two head-to-head trials compared dexlansoprazole DDR to lansoprazole for the healing of erosive esophagitis and both trials are published in the same article. Results from both studies indicate that dexlansoprazole DDR 60mg and 90mg were non-inferior to lansoprazole 30mg for healing of erosive esophagitis in the overall study population; however, superiority results were inconsistent and sensitive to the type of analysis performed, and the GRADE rating of the quality of evidence was low. In placebo-controlled clinical trials, dexlansoprazole DDR has been shown to be highly effective for maintenance therapy of healed erosive esophagitis as well as for symptomatic relief of NERD. The higher dose of dexlansoprazole DDR (60 mg) did not show any benefit over the lower dose (30 mg) for maintenance of healing or relief of GERD symptoms. It should be noted that the trials were not designed to determine to what extent the efficacy of the product is related to dexlansoprazole DDR the drug itself, the double-peak prolongation in plasma drug concentrations due to the DDR delivery system, or the higher (double and triple) doses of dexlansoprazole DDR relative to lansoprazole (standard healing dose, 30 mg). Studies comparing dexlansoprazole DDR with proton pump inhibitors other than lansoprazole are lacking.  
The most common adverse effects (AEs) reported in clinical trials were diarrhea, gastritis, abdominal pain and distension, as well as upper respiratory tract infections.  
Dexlansoprazole DDR has several drug-drug interactions, although it has fewer interactions than omeprazole and a comparable number of interactions to other drugs available within the class. Unlike other PPIs, dexlansoprazole DDR lacks pharmacokinetic and pharmacodynamic drug-food interactions.
Conclusions
Dexlansoprazole DDR is another proton pump inhibitor product approved for the treatment and maintenance of erosive esophagitis and relief of heartburn associated with symptomatic GERD / non-erosive reflux disease (NERD).  It has a novel drug release mechanism that produces two peaks in plasma concentrations. Although this formulation is designed to produce a longer residence time because of the dual delayed-release formulation, only a subpopulation of patients with severe (LA grade C or D) erosive esophagitis experienced an incremental clinical benefit (with small effect size) relative to lansoprazole. Overall, dexlansoprazole DDR 60 mg and 90 mg were comparable in efficacy to lansoprazole 30 mg in healing of erosive esophagitis; however, the study design may have biased results in favor of dexlansoprazole DDR. 

There are two potential advantages of dexlansoprazole DDR therapy over other PPIs. One is the ability to administer doses with meals. The other is the small incremental gain in efficacy over lansoprazole in patients with more severe erosive esophagitis (LA grades C or D).

Additional studies are needed to compare the efficacy of dexlansoprazole DDR relative to higher than standard-dose or twice daily regimens of other PPIs.



Introduction
Dexlansoprazole DDR is the sixth proton pump inhibitor (PPI) marketed in the U.S. for the healing and maintenance of erosive esophagitis, and the third PPI to be approved by the Food and Drug Administration (FDA) for nonerosive reflux disease (NERD). It is the second enantiomeric form of a racemic PPI drug (lansoprazole); the other is esomeprazole, the S-enantiomer of omeprazole. Zhou, et al. have suggested that racemic switches to pure enantiomeric PPIs improve the stereoselective pharmacokinetics, leading to better clinical outcomes than with racemic PPIs.4  
The purposes of this monograph are to (1) evaluate the available evidence of safety, tolerability, efficacy, cost, and other pharmaceutical issues that would be relevant to evaluating dexlansoprazole DDR for possible addition to the VA National Formulary; (2) define its role in therapy; and (3) identify parameters for its rational use in the VA.

Pharmacology/Pharmacokinetics5
Clinical Pharmacology
Dexlansoprazole DDR is the R-enantiomer of lansoprazole. No information was available on the potency of dexlansoprazole relative to lansoprazole. Dexlansoprazole is formulated as a dual delayed-release (DDR) formulation for oral administration, with each capsule containing a mixture of enteric-coated granules with different pH-dependent dissolution profiles that are designed to release drug at different locations in the GI tract.
As with other proton pump inhibitors, dexlansoprazole DDR suppresses gastric acid secretion at the final step of acid production by inhibition of the (H+,K+)-ATPase in the gastric parietal cell. Dexlansoprazole DDR has been shown to increase the percentage of time that intragastric pH remains > 4 during a 24-hour period following administration of dexlansoprazole DDR 60 and 90 mg as compared with lansoprazole 30 mg (~70% versus 60%; p < 0.05)6.
Pharmacokinetics
Following oral administration of the dexlansoprazole DDR capsules, drug is initially released in the proximal small intestine and released again in the distal region of the small intestine. The formulation consists of higher doses than conventional PPIs to produce prolonged drug exposure with a single daily dose. Following once-daily administration for 5 days, gastric pH is >4 for 17 hours per day with dexlansoprazole 60 mg versus 14 hours per day with lansoprazole 30 mg.
There are two noteworthy differences in pharmacokinetic characteristics of dexlansoprazole DDR relative to other PPIs. One is a lack of an adverse interaction with food on drug absorption and bioavailability relative to oral esomeprazole, lansoprazole, and omeprazole or omeprazole / sodium bicarbonate. The rate or extent of absorption and bioavailability (AUC) of esomeprazole, lansoprazole, and omeprazole or omeprazole / sodium bicarbonate are decreased when these PPIs are administered with food.7 Food does not significantly affect the rate or extent of absorption of pantoprazole or rabeprazole. In contrast, relative to taking dexlansoprazole DDR in a fasted stated 5 to 30 minutes before a high-fat breakfast, dexlansoprazole DDR taken after a high-fat meal was shown to result in increases in dexlansoprazole DDR maximum plasma concentration by 12% to 31% and AUC by 9% to 21%; however, there were no clinically relevant differences in intragastric pH8. See Drug-Food Interactions on page 11 for additional discussion on the effects of administration of dexlansoprazole DDR with food on intragastric acidity.
The other unique pharmacokinetic characteristic of dexlansoprazole DDR is that it produces two peaks in plasma drug concentrations, the first occurring at 1 to 2 hours after administration and the second at 4 to 5 hours after administration, whereas conventional PPI formulations peak once. 

The pharmacokinetics of the available proton pump inhibitors are shown in Table 1.

Table 1. Pharmacokinetic Parameters of Oral Proton Pump Inhibitors

	Parameter
	Dexlansoprazole DDR
	Esomeprazole
	Lansoprazole
	Omeprazole
	Pantoprazole
	Rabeprazole

	Bioavailability
	—
	64% to 90%
	80% to 85%
	30% to 40%
	77%
	52%

	Time to peak plasma concentration (h)
	1 to 2; 4 to 5
	1.5
	1.7
	0.5 to 3.5
	2 to 3
	2 to 5

	Protein binding (%)
	96%
	97%
	97%
	95%
	98%
	96.3%

	Half-life (h)
	1 to 2
	1 to 1.5
	1.6
	0.5 to 1
	1 to 1.9
	1 to 2

	Primary route of excretion
	Hepatic 
CYP2C19 CYP3A4
	Hepatic

 CYP2C19
	Hepatic

 CYP2C19
	Hepatic

 CYP2C19
	Hepatic CYP2C19 CYP3A4
	Hepatic 
CYP2C19

	Excreted unchanged in urine
	0%
	< 1%
	0%
	0%
	0%
	0%


The pharmacokinetic properties of dexlansoprazole DDR differ from those of lansoprazole mainly in a delayed time to Cmax (without an increase in the mean Cmax) and higher plasma drug concentrations 3 to 8 hours post-administration6. 
Dexlansoprazole DDR is extensively metabolized in the liver via CYP450, CYP2C19 and CYP3A4 to inactive metabolites. However, relative to lansoprazole, which is primarily metabolized by both CYP2C19 and CYP3A4, the metabolism of dexlansoprazole DDR is mainly influenced by CYP2C199. Dexlansoprazole DDR systemic exposure was shown to be increased up to 2-fold in CYP2C19 intermediate metabolizers and up to 12-fold in CYP2C19 poor metabolizers compared with CYP2C19 extensive metabolizers5.  The disposition of dexlansoprazole DDR has been shown to have less interpatient variability in clearance than lansoprazole10. No unchanged dexlansoprazole DDR is excreted in the urine following dexlansoprazole DDR administration.
Hepatic
In patients with moderate hepatic impairment, single doses of dexlansoprazole DDR 60 mg were associated with systemic exposure 2 times higher than in patients with healthy hepatic function. No adjustment in dosing is necessary in patients with mild hepatic impairment (Child-Pugh class A); however, a 30 mg dose is recommended for patients with moderate hepatic impairment (Child-Pugh class B).  Studies have not been conducted in patients with severe hepatic impairment (Child-Pugh class C).  

Renal
The pharmacokinetics of dexlansoprazole DDR are not likely to be altered in patients with renal impairment because dexlansoprazole DDR is extensively metabolized to inactive metabolites and no parent drug is recovered in the urine following oral dexlansoprazole DDR dosing.  

Elderly
Dosage adjustments are not necessary in elderly patients.

FDA Approved Indications
Dexlansoprazole DDR is approved for the following indications:

· Erosive esophagitis, healing of all grades
· Erosive esophagitis, maintenance of healing
· Gastroesophageal reflux disease (GERD), symptomatic, non-erosive
The FDA-approved indications for the oral proton pump inhibitors are shown in Table 2.  
Table 2. FDA-Approved Indications for Oral Proton Pump Inhibitors
	Indication
	Dexlansoprazole DDR 
	Esomeprazole 
	Lansoprazole 
	Omeprazole 
	Pantoprazole 
	Rabeprazole 

	Erosive esophagitis

	Healing
	X
	
	X
	X*
	X
	X

	Maintenance
	X
	
	X
	X*
	X
	X

	Nonerosive GERD

	Symptom relief
	X
	X
	X
	X*
	
	X

	Duodenal ulcers

	Healing
	
	
	X
	X*
	
	X

	Maintenance
	
	
	X
	
	
	

	Helicobacter pylori eradication to prevent recurrence
	
	X
	X
	X
	
	X

	Gastric ulcers

	Healing
	
	
	X
	X*
	
	

	Healing NSAID-associated agastric ulcers
	
	
	X
	
	
	

	Risk reduction of NSAID- associated gastric ulcer
	
	X
	X
	
	
	

	Pathological hypersecretory conditions (e.g., Zollinger-Ellison syndrome)

	Treatment
	
	X
	X
	X
	X
	X


* Omeprazole and fixed combination omeprazole / sodium bicarbonate
Potential Off-label Uses
This section is not intended to promote any off-label uses. Off-label use should be evidence-based. See VA PBM-MAP and Center for Medication Safety’s Guidance on “Off-label” Prescribing (available on the VA PBM Intranet site only).
Potential off-label uses include healing and maintenance of duodenal ulcers, H.pylori eradication, healing of NSAID related and non-NSAID related gastric ulcers, prevention of NSAID associated gastric ulcers and pathological hypersecretory conditions such as Zollinger-Ellison syndrome.
Current VA National Formulary Alternatives
Omeprazole is currently the only formulary proton pump inhibitor available for the treatment or maintenance of GERD and erosive esophagitis.

Dosage and Administration
For the healing of erosive esophagitis, the recommended dosage is 60 mg once daily for up to 8 weeks. For the maintenance of healing of erosive esophagitis, the recommended dosage is 30 mg once daily. Studies for this indication did not extend beyond 6 months. For the treatment of symptomatic non-erosive GERD, the recommended dosage is 30 mg once daily for 4 weeks. A Phase 1 trial showed no additional acid suppressive benefit with 120 mg over 60 and 90 mg6. 
Dexlansoprazole DDR can be taken without regard to food. The capsules should be swallowed whole. If necessary, the capsules may be opened, the intact granules sprinkled on 1 tablespoon of applesauce and swallowed immediately.

A maximum dosage of 30 mg once daily is recommended for patients with moderate hepatic impairment (Child-Pugh class B). Dexlansoprazole DDR has not been studied in patients with severe hepatic impairment (Child-Pugh class C). Dosage adjustments are not necessary in elderly patients, patients with impaired renal function, or patients with mild hepatic impairment (Child-Pugh class A).
FDA-approved dosages for the management of erosive esophagitis are shown in Table 3.
Table 3. Dosages for Oral Proton Pump Inhibitors for Erosive Esophagitis and Symptomatic GERD / NERD
	Agent
	Healing Dosage for Erosive Esophagitis
	Maintenance Dosage for Erosive Esophagitis
	Dosage for Symptomatic GERD / NERD
	Renal Adjustment
	Hepatic Adjustment

	Dexlansoprazole DDR
	60 mg daily × 8 wk
	30 mg daily
	30 mg daily × 4 wk
	None
	30 mg maximum daily dose for moderate impairment

	Lansoprazole
	30 mg daily × 8 wk
	15 mg daily
	15 mg daily × ≤ 8 wk  
	None
	Consider dose reduction in severe impairment

	Omeprazole
	20 mg daily × 4–8 wk
	20 mg daily
	20 mg daily × 4 wk
	None
	Consider dose reduction in hepatic impairment

	Pantoprazole
	40 mg daily × 8 wk
	40 mg daily
	40 mg daily × 4–8 wk*
	None
	None

	Rabeprazole
	20 mg daily × 4–8 wk
	20 mg daily
	20 mg daily × 4–8 wk
	None
	Caution in severe hepatic impairment


GERD, Gastroesophageal reflux disease; NERD, Nonerosive reflux disease
* Off-label use
Efficacy
Five clinical trials evaluated the safety and efficacy of dexlansoprazole DDR.  Two trials compared dexlansoprazole DDR to lansoprazole for the healing of erosive esophagitis and results were published together in the same article; the GRADE quality of these studies based on the single publication was low (see Appendix for details).11 Dexlansoprazole DDR was shown to be non-inferior but in the primary life-table analyses was not significantly superior to lansoprazole. Two high-quality trials showed that dexlansoprazole DDR was significantly superior to placebo for the maintenance of healed erosive esophagitis.  In one moderate-quality trial dexlansoprazole DDR was significantly better than placebo for symptomatic treatment of non-erosive reflux disease. None of the studies showed dose-response gradients (between 30 and 60 mg and between 60- and 90 mg). 
Dexlansoprazole DDR versus Lansoprazole:  Healing of Erosive Esophagitis
Sharma, et al. reported on two identical 8-week, multicenter, double-blind, head-to-head, non-inferiority trials at 188 U.S. centers and 118 non-US centers11. The trials compared dexlansoprazole DDR with lansoprazole in patients with endoscopically confirmed erosive esophagitis. The primary endpoint of the trial was percentage of patients with complete healing of their erosive esophagitis after 8 weeks of treatment.  Patients were randomized to dexlansoprazole DDR 60 mg, dexlansoprazole DDR 90 mg or lansoprazole 30 mg (the approved healing dose for erosive esophagitis), all doses given once daily before breakfast.  For subgroup analyses, a stratified enrollment was used to ensure that about 30% of the study patients had more severe erosive esophagitis (LA grade C and D).  Data were analyzed using life-table as the primary analysis (proportion healed, taking into account time taken to heal) and crude rates (which give more conservative estimates than with life-table analysis) as an additional analysis on a modified intent-to-treat population.  The non-inferiority margin was ‑10%. If non-inferiority was demonstrated between the treatments, the investigators tested for superiority, defined as a 6% difference in healing rates between dexlansoprazole DDR and lansoprazole at 8 weeks.  
The results can be summarized as follows:

· Dexlansoprazole DDR 60 mg and 90 mg were shown to be non-inferior to lansoprazole in both trials. 
· In superiority testing using the primary life-table analysis, dexlansoprazole DDR was shown to not be superior to lansoprazole in terms of healing rates at 8 weeks in both trials (92%–95% versus 86%–92%; p > 0.025, not significant). 
· Using the additional and more conservative crude rate analysis for superiority testing, dexlansoprazole DDR was shown to be significantly better with 60 mg in study 1 (absolute benefit increase of 6%) and with 90 mg in both studies 1 and 2 (absolute benefit increases of 7% and 5%, respectively). 
· Planned subgroup analyses of patients with more severe disease (LA grade C or D) showed superiority of dexlansoprazole DDR over lansoprazole in three of the four treatment comparisons across analyses in Study 1 and none of the comparisons in Study 2. .  
· In post hoc integrated analysis of the data from patients with more severe disease from both trials, only dexlansoprazole DDR 90 mg showed superiority over lansoprazole in healing rates, with absolute benefit increases of 7% and 8% by life-table and crude rate analyses, respectively.
· Symptom relief was not significantly different among treatment groups.
Dexlansoprazole DDR versus Placebo:  Maintenance Therapy of Erosive Esophagitis
Two double-blind extensions of the study by Sharma, et al. study evaluated patients with healed erosive esophagitis from previous treatment with dexlansoprazole DDR or lansoprazole.  Patients who achieved complete healing of their erosive esophagitis in either treatment group were eligible to participate.  Patients were randomly assigned to receive dexlansoprazole DDR 30 mg, dexlansoprazole DDR 60 mg, or placebo (N=445) in one study12 and dexlansoprazole DDR 60 mg, dexlansoprazole DDR 90 mg, or placebo (N=451) in the second study13. In both studies, the primary endpoint was the percentage of patients whose erosive esophagitis remained healed after 6 months of therapy.  
In both studies, a significantly greater number of patients on dexlansoprazole DDR (30 mg, 60mg and 90mg) remained healed after 6 months of therapy compared with placebo, with an absolute benefit increase ranging from 48% to 61% (NNT = 2) across doses and trials. Dexlansoprazole DDR at each dosage level was significantly better than placebo in controlling symptoms as measured by the percentage of 24-h heartburn-free days and percentage of nights without heartburn (p < 0.025 for each outcome measure). There were no significant treatment differences between dexlansoprazole DDR 30 mg and 60 mg, and between 60 mg and 90 mg.
In post hoc subgroup analyses of patients who had severe disease at baseline (LA grades C or D esophagitis), dexlansoprazole DDR 60 mg maintained healing in a numerically greater percentage of patients (85%) than the 30-mg dose 63%), but the difference did not reach the level of statistical significance.12 
Dexlansoprazole DDR versus Placebo:  Symptomatic Control of Non-erosive Reflux Disease
Fass, et al. evaluated the efficacy of dexlansoprazole DDR against placebo for symptomatic control of non-erosive reflux disease (NERD) over 4 weeks (N=947).14  Patients were randomly assigned to receive dexlansoprazole DDR 30 mg, dexlansoprazole DDR 60 mg, or placebo. The primary endpoint was the percentage of 24-hour periods that patients were heartburn-free.  Efficacy was assessed with information provided by patient electronic daily diaries. A greater number of patients achieved 24-hour heartburn relief while on dexlansoprazole DDR 30 mg (54.9%) and dexlansoprazole DDR 60 mg (50%) compared with placebo (18.5%; p<0.00001; calculated NNT = 2.8 for 30mg dose and 3.2 for 60mg dose).  Dexlansoprazole DDR 60 mg did not show additional benefit over the dexlansoprazole DDR 30 mg dose.

Adverse Events (Safety Data)
Through controlled and uncontrolled clinical trials, the safety of dexlansoprazole was evaluated in 4548 patients including 863 patients treated for at least 6 months and 203 patients treated for 1 year.5 In clinical trials dexlansoprazole DDR was well tolerated and did not result in any unexpected or clinically concerning changes in laboratory values, vital signs or biopsy results. The placebo-controlled trials had a high discontinuation rate in the placebo group 48.6% versus 10.1% with dexlansoprazole DDR 60mg/day and 8.6% with dexlansoprazole DDR 90mg/day) due to recurrence of erosive esophagitis. To adjust for the difference in discontinuation rates and drug exposure, AE rates were expressed in patient-months of drug-to-placebo exposure.13 
In a 12-month randomized open-label study, patients received dexlansoprazole DDR 60 or 90 mg once-daily and safety was evaluated at months 1, 3, 6, 9 and 12 or final visit. Of 591 patients receiving dexlansoprazole DDR 60 and 90 mg, 71% and 65%, respectively, experienced ≥1 treatment-emergent AE; the most frequent AE was upper respiratory infection (14% and 13% in the 60- and 90-mg groups). Thirty patients experienced ≥1 serious AE; a majority of serious AEs were unrelated to study drug. No clinically meaningful change in any clinical laboratory parameters was noted.17 
Pooled data from six randomized controlled trials and the 12-month safety study involving 4270 patients receiving dexlansoprazole DDR 30 mg (n = 455), 60 mg (n = 2311) or 90 mg (n = 1864); lansoprazole 30 mg (n = 1363); or placebo (n = 896) summarized adverse effects per 100 patient-months of exposure to account for imbalances in study drug exposure. The number of patients with ≥1 treatment-emergent adverse event per 100 patient-months was higher in placebo (24.49) and lansoprazole (21.06) groups than in any dexlansoprazole DDR (15.64-18.75) groups. Fewer patients receiving dexlansoprazole DDR discontinued therapy because of an adverse event (P ≤0.05 vs. placebo). Seven patients died of events considered unrelated to study drug.18
Deaths and Other Serious Adverse Events 

Seven patients died in phase 3 studies (dexlansoprazole 60 mg, n=5 [0.09/100 patient-months]; dexlansoprazole 90 mg, n=1 [0.02/100 patient-months]; lansoprazole 30 mg, n=1 [0.06/100 patient-months]).5 None of the deaths or serious adverse events observed during clinical trials were determined to be related to the study drug.
Common Adverse Events
The most commonly reported AEs to dexlansoprazole DDR, occurring in at least 2% of patients in clinical trials, included diarrhea, abdominal pain, nausea, upper respiratory tract infection, vomiting, and flatulence (Table 4). 
Table 4. Most Frequent Adverse Reactions Reported in the Dexlansoprazole DDR Clinical Trials
	Adverse Events
	Dexlansoprazole DDR
30 mg 
(N = 455)
	Dexlansoprazole DDR
60 mg 
(N = 2,218)
	Dexlansoprazole DDR Total 
(N = 2,621)
	Lansoprazole 30 mg 
(N = 1,363)
	Placebo 
(N = 896)

	Diarrhea
	5.1%
	4.7%
	4.8%
	3.2%
	2.9%

	Abdominal pain
	3.5%
	4.0%
	4.0%
	2.6%
	3.5%

	Nausea
	3.3%
	2.8%
	2.9%
	1.8%
	2.6%

	Upper respiratory tract infection
	2.9%
	1.7%
	1.9%
	0.8%
	0.8%

	Vomiting
	2.2%
	1.4%
	1.6%
	1.1%
	0.8%

	Flatulence
	2.6%
	1.4%
	1.6%
	1.2%
	0.6%


The results overall showed similar rates of AEs per patient-month across all groups. Of note in these indirect comparisons is that the rates of AEs per patient-month were consistently numerically higher, albeit by a small margin of 0.9 to 2.1 percentage points, with dexlansoprazole DDR at any dose, including 30 mg, than lansoprazole 30 mg.
Contraindications
Dexlansoprazole DDR is contraindicated in patients with known hypersensitivity to any component of the formulation including magnesium carbonate, sucrose, hydroxypropyl cellulose, titanium dioxide, hydroxypropyl cellulose, hypromellose 2910, talc, methacrylic acid copolymer, polyethylene glycol 8000, triethyl citrate, polysorbate 80, and colloidal silicon dioxide5. 

Warnings and Precautions
Hypersensitivity and anaphylaxis have been reported with dexlansoprazole DDR use. 

The safety and effectiveness of dexlansoprazole DDR have not been established in children.
Dexlansoprazole DDR is in Pregnancy Category B. No adverse fetal effects were observed in animal studies. Dexlansoprazole DDR should be used in pregnancy only if clearly needed.
It is not known whether dexlansoprazole DDR is excreted in human milk.  Dexlansoprazole DDR prescribing information recommends discontinuing the drug or breast-feeding, taking into consideration the importance of the drug to the mother.
Contraindications, warnings, precautions, and special population considerations for the six approved PPIs are shown in Table 5.
	Table 5. Contraindications, Warnings, and Precautions for Proton Pump Inhibitors 
 
	Dexlansoprazole DDR
	Esomeprazole
	Lansoprazole
	Omeprazole
	Pantoprazole
	Rabeprazole

	Contraindications

	Hypersensitivity to drug
	X
	X
	X
	X
	X
	X

	Hypersensitivity to substituted benzimidazole agents
	 
	X
	 
	 
	 
	 

	Warnings and precautions

	Atrophic gastritis
	 
	X
	 
	X
	X
	 

	Symptomatic relief does not rule out gastric malignancy
	X
	X
	X
	X
	X
	X

	Special populations

	Elderly
	No unique precautions
	No unique precautions
	No unique precautions
	No unique precautions
	No unique precautions
	No unique precautions

	Children
	Not established
	> 1 y of age
	> 1 y of age
	> 1 y of age
	Not established
	≥ 12 y of age

	Pregnancy Category
	B
	B
	B
	C
	B
	B

	Lactation
	Not recommended
	Excreted in small amounts
	Not recommended
	Not recommended
	Not recommended
	Not recommended


Postmarketing Safety Experience 
The following adverse reactions have been reported (voluntarily) after approval of dexlansoprazole:

· Eye Disorders: blurred vision 
· GI Disorders: oral edema 
· General Disorders and Administration Site Conditions: facial edema 
· Immune System Disorders: anaphylactic shock (requiring emergency intervention), Stevens-Johnson syndrome, toxic epidermal necrolysis (some fatal)
· Respiratory, Thoracic, and Mediastinal Disorders: pharyngeal edema, throat tightness
· Skin and Subcutaneous Tissue Disorders: generalized rash, leukocytoclastic vasculitis
Based on these reports, it is not possible to  establish a causal relationship between dexlansoprazole and these reactions or reliably estimate the frequency of these reactions because the population size is uncertain. 

There is a lack of long-term clinical trials (>12 months) and insufficient clinical experience with dexlansoprazole at the time of preparation of this monograph. However, concerns with the long-term use of PPIs have been proposed related to the mechanism of action of PPIs, their sustained effect on acid suppression, and the resulting increases in serum gastrin levels. The potential areas of concern include:

· Absorption abnormalities of Vitamin B12, calcium, magnesium, vitamin D, iron, and protein

· Bacterial overgrowth and infection risk specifically Clostridium difficile (C. difficile)-associated disease (CDAD), Community acquired pneumonia (CAP)

· Hypergastrinemia resulting in possible rebound hypersecretion, tachyphylaxis/tolerance, changes in gastric mucosa such as enterochromaffin-like cell (ECL) hypertrophy, parietal cell hypertrophy, fundic gland polyps (FGPs), gastric carcinoids

Sentinel Events
No data
Look-alike / Sound-alike (LA / SA) Error Risk Potential
As part of a JCAHO standard, LASA names are assessed during the formulary selection of drugs.  Based on clinical judgment and an evaluation of LASA information from four data sources (Lexi-Comp, USP Online LASA Finder, First Databank, and ISMP Confused Drug Name List), the following drug names may cause LASA confusion:

LA/SA for generic name <dexlansoprazole DDR>:  lansoprazole, aripiprazole
LA/SA for trade name <Dexilant>:  none
Drug Interactions
Drug-Drug Interactions
Dexlansoprazole DDR is metabolized by CYP2C19 and CYP3A4 and has the potential for drug interactions mediated by these enyzmes.
· Dexlansoprazole DDR may increase serum levels of tacrolimus by inhibition of CYP3A4.
· Clopidogrel is a pro-drug that is converted to its active metabolite by two main metabolic pathways. One of those pathways utilizes CYP2C19, CYP3A, CYP2B6, and CYP1A2. By inhibiting this pathway, PPIs may decrease conversion of clopidogrel to its active metabolite reducing the ability of clopidogrel to prevent acute myocardial events.  The clinical implications remain to be determined, and the use of proton pump inhibitors with clopidogrel without clear indication should be avoided. Consider using a histamine-2 receptor antagonist in patients who require acid-lowering therapy.6-7
· Atazanavir should not be co-administered with dexlansoprazole DDR, because atazanavir absorption is dependent upon the presence of gastric acid and systemic concentrations may be substantially reduced.
· Dexlansoprazole DDR may also interfere with the absorption of other drugs with pH-dependent absorption, including ampicillin esters, digoxin, iron salts, and ketoconazole.
· Increased INR has been observed in patients receiving proton pump inhibitors and warfarin concomitantly. Patients receiving warfarin and dexlansoprazole DDR concomitantly should be monitored for increased INR and prothrombin time.
Table 6. Drug Interactions Associated With Proton Pump Inhibitors
	Drug
	Dexlansoprazole DDR
	Esomeprazole
	Lansoprazole
	Omeprazole
	Pantoprazole
	Rabeprazole

	Effects on absorption

	Atazanavir
	X
	X
	X
	X
	X
	X

	Ketoconazole, posaconazole iron salts, digoxin, ampicillin, myophenolate mofetil, nilotinib, risedronate (gastric pH determines bioavailability)
	X
	X
	X
	X
	X
	X

	CYP mediated

	Cyclosporine
	 
	 
	 
	X
	 
	X

	Diazepam
	 
	 
	 
	X
	 
	 

	Phenytoin
	 
	 
	 
	X
	 
	 

	Propranolol
	 
	 
	 
	X
	 
	 

	Tacrolimus
	 X
	 
	 
	X
	 
	 

	Theophylline
	 
	 
	X
	X
	 
	 

	Voriconazole
	 
	X
	 
	X
	 
	 

	Other

	Clopidogrel
	X
	X
	X
	X
	X
	X

	Warfarin
	X
	X
	X
	X
	X
	X


Drug-Food Interactions
Pharmacokinetic Interaction
Dexlansoprazole DDR may be taken without regard to food, but some patients may benefit from pre-meal dosing if symptoms don't resolve with post-meal dosing. The lack of a pharmacokinetic interaction with food was determined in a study which showed that, although the percentage of time intragastric pH exceeded 4 over a 24-hour dosing interval decreased 7 percentage points with dexlansoprazole DDR given after a meal relative to fasting (57% versus 64%, respectively), there was no statistically significant difference in mean gastric pH between preprandial and postprandial conditions.5 Other PPIs that lack a pharmacokinetic interaction with food are pantoprazole and rabeprazole. When esomeprazole, lansoprazole, or omeprazole is taken with food, bioavailability is decreased.
Pharmacodynamic Interaction
The lack of an interaction between dexlansoprazole and food in terms of gastric acid suppression may be a potential advantage of dexlansoprazole DDR relative to other PPIs; however, the conditions and factors influencing the impact of food on PPI-induced acid suppression are unclear. It has been hypothesized that prebreakfast dosing maximizes PPI efﬁcacy because ATPase molecules are able to accumulate in parietal cells during a prolonged overnight fast, making more ATPase molecules available for acid-catalyzed conversion to their actively secreting form by food ingestion. The importance of premeal PPI dosing was evaluated by Hatlebakk, et al. (2000) in an intragastric pH probe study.19 The median percentage of time during which pH was less than 4 was shown to be lower (17%) when omeprazole and lansoprazole were taken before breakfast as compared with no meal (42%).19 In another study, acid suppression with lansoprazole was shown to be affected by food on the first day but not the fifteenth day of therapy.20 The results of yet another study showed that the timing of doses (given after breakfast versus before dinner) did not affect the intragastric acid suppressive effects of low-dose lansoprazole (15 mg) and rabeprazole (10 mg).21 
Cost Analysis
VHA acquisition costs for the oral proton pump inhibitors are shown in Table 6.  The cost of therapy for the oral proton pump inhibitors for treatment of erosive esophagitis is shown in Table 7.  Table 8 shows the cost of therapy with these agents when given for maintenance of remission of erosive esophagitis and for treatment of NERD.

Table 6.
VA Acquisition Costs for the Oral Delayed-release Proton Pump Inhibitors
	Drug
	Trade Name
	Generic
	Strength
	Price Per Unit ($)

	Dexlansoprazole DDR
	Dexilant®
	No
	30 mg.
	1.5077

	
	
	
	60 mg.
	1.5077

	Omeprazole
	Prilosec®
	Yes
	20 mg.
	0.0877

	Pantoprazole
	Protonix®
	Yes
	20 mg.
	0.0949

	
	
	
	40 mg.
	0.0949

	Lansoprazole
	Prevacid®
	Yes
	15 mg
	0.5055

	
	
	
	30 mg.
	0.9803

	Rabeprazole
	Aciphex®
	No
	20 mg.
	2.9043

	Esomeprazole
	Nexium®
	No
	20 mg.
	3.7616

	
	
	
	40 mg.
	3.7433


Lowest VA costs for the PPIs as of June 16th, 2011
Table 7.  Cost of PPI Therapy for Healing of Erosive Esophagitis
	Drug
	Usual Dose
	Cost / Day
	Cost / 8-Wk Course

	Dexlansoprazole DDR
	60 mg. qd 
	$1.50
	$84

	Omeprazole
	20 mg. qd 
	$0.09
	$5

	Pantoprazole
	40 mg. qd 
	$0.10
	$6

	Lansoprazole
	30 mg. qd 
	$0.98
	$55

	Rabeprazole
	20 mg. qd 
	$2.90
	$162

	Esomeprazole
	40 mg. qd 
	$3.74
	$209


Lowest VA costs for the PPIs as of June 16th, 2011
Table 8.
Cost of PPI Therapy for Prevention of Relapse of Erosive Esophagitis or Treatment of Symptomatic Nonerosive GERD
	Drug
	Usual Dose
	Cost / Day
	Cost/Month

	Dexlansoprazole DDR
	30 mg. qd
	$1.50
	$45

	Omeprazole
	20 mg. qd
	$0.09
	$3

	Pantoprazole
	40 mg. qd
	$0.10
	$3

	Lansoprazole
	15 mg. qd
	$0.51
	$15

	Rabeprazole
	20 mg. qd
	$2.90
	$87

	Esomeprazole
	20 mg. qd
	$3.76
	$113


Lowest VA costs for the PPIs as of June 16th, 2011
Conclusions
Dexlansoprazole DDR is another proton pump inhibitor product approved for the treatment and maintenance of erosive esophagitis and relief of heartburn associated with symptomatic GERD / non-erosive reflux disease (NERD).  It has a novel drug release mechanism that produces two peaks in plasma concentrations. Although this formulation is designed to produce a longer residence time because of the dual delayed-release formulation, only a subpopulation of patients with severe (LA grade C or D) erosive esophagitis experienced an incremental clinical benefit (with small effect size) relative to lansoprazole. Overall, dexlansoprazole DDR 60 mg and 90 mg were comparable in efficacy to lansoprazole 30 mg in healing of erosive esophagitis; however, the study design may have biased results in favor of dexlansoprazole DDR. 
There are two potential advantages of dexlansoprazole DDR therapy over other PPIs. One is the ability to administer doses with meals. The other is the small incremental gain in efficacy over lansoprazole in patients with more severe erosive esophagitis (LA grades C or D).
Additional studies are needed to compare the efficacy of dexlansoprazole DDR relative to higher than standard-dose or twice daily regimens of other PPIs.
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Appendix:  Clinical Trials
A literature search was performed on PubMed/Medline using the search terms <dexlansoprazole DDR> and <Dexilant>. The search was limited to studies performed in humans and published in English language. Reference lists of review articles and the manufacturer’s AMCP dossier were searched for relevant clinical trials. Only randomized controlled trials published in peer-reviewed journals were included.

Dexlansoprazole DDR versus Lansoprazole:  Healing of Erosive Esophagitis
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	Study Goals
	To assess the efficacy and safety of dexlansoprazole DDR MR in healing erosive esophagitis 

	Methods
	Study Design 
Two parallel, multi-center, randomized, double-blind, active-controlled, three-armed, 8-week long trials. Data from the two trials reported within the same publication.
Data Analysis
Primary and secondary efficacy endpoints were analyzed using the life table as the primary analysis method and crude rates as the additional analysis method. These methods were prespecified in the protocol.
All efficacy analyses were performed on the modified intent-to-treat (ITT) population.
Non-inferiority was declared if the lower bounds of the 95% confidence interval of the difference in healing rates at 8 weeks were greater than –10%.
For each study, a sample size of 520 patients per group was needed to meet the non-inferiority criteria at the 0.025 level of significance with at least 95% power.
This sample size would also provide at least 80% power at the 0.025 level of significance to detect a 6% difference for superiority.

	Criteria
	Inclusion criteria
Patients ≥ 18 years, endoscopically confirmed erosive esophagitis
Exclusion criteria
Positive H. pylori, women pregnant or lactating, use of PPIs or H2RAs during screening, chronic NSAID use, coexisting esophageal disease; active or history of duodenal or gastric ulcer or upper GI hemorrhage within 4 weeks of the first study dose.

	Results- 
	Study 1
Baseline data
N=2038
Dexlansoprazole DDR 60mg/day (N=680)
Dexlansoprazole DDR 90mg/day (N=668)
Lansoprazole 30mg/day (N=690)
Approximately 50% males
Mean age 47 years
Approximately 40% had BMI >30kgm2
Thirty percent of patients had grade C or D erosive esophagitis
Baseline characteristics were similar between the two studies and there was no statistically significant difference between groups.
Summary of Results
Dexlansoprazole DDR 60 mg and 90 mg were non-inferior to lansoprazole 30 mg.
Both doses of dexlansoprazole DDR were not superior to lansoprazole in life-table analyses.
Dexlansoprazole DDR 60 mg (p = 0.004) and 90 mg (p = 0.001) were statistically significantly better than lansoprazole in terms of crude healing rates, with an absolute benefit increase of 6% and 7%, respectively.
Primary Outcome
Complete healing rate (%), (95% CI), N at 8 weeks (Life-table analysis) 
Dexlansoprazole DDR 60 mg: 92.3% (90.0-94.7), N=694  p>0.025
Dexlansoprazole DDR 90 mg: 92.2% (89.8-94.6), N=687  p>0.025 (NS)
Lansoprazole 30mg: 86.1% (83.0-89.2), N=673
Complete healing at 8 weeks (Crude rate)
Dexlansoprazole DDR 60 mg: 85.3% (82.3-87.9), p<0.05 
Dexlansoprazole DDR 90 mg: 85.8% (82.8-88.4), p<0.05 
Lansoprazole 30 mg: 79.0% (75.6-82.0)
Secondary Outcome
Complete healing in patients with grade C or D disease at baseline (Life-table analysis) 
Dexlansoprazole DDR 60 mg: 88.9% (83.7-94.2), p<0.05 
Dexlansoprazole DDR 90 mg: 83.8% (77.4-90.1), p<0.05
Lansoprazole 30 mg: 74.5% (67.3-81.6)
Complete healing in patients with grade C or D disease at baseline (Crude rate)
Dexlansoprazole DDR 60 mg: 79.7% (73.1-85.3), p<0.05 
Dexlansoprazole DDR 90 mg: 74.1% (67.1-80.2), p-value not specified
Lansoprazole 30 mg: 65.0% (58.0-71.6)
Median percentage of heartburn free 24-hour 
No significant difference between either dose of dexlansoprazole DDR and lansoprazole
Study 2
N=2054
Dexlansoprazole DDR 60mg/day (N=694)
Dexlansoprazole DDR 90mg/day (N=687)
Lansoprazole 30mg/day (N=673)
Summary of results
In study 2, the life-table analysis showed that there was no statistically significant difference in healing between dexlansoprazole DDR groups and lansoprazole. However, using the crude rate analysis, dexlansoprazole DDR 90 mg  had a significantly higher healing rate at week 8 than lansoprazole 30mg (p = 0.019) with a therapeutic gain of 5 percentage points.  
Primary Outcome
Complete healing at 8 weeks (Life-table analysis) 
Dexlansoprazole DDR 60 mg: 93.1% (90.9-95.3), p>0.025
Dexlansoprazole DDR 90 mg: 94.9% (92.9-96.8), p>0.025
Lansoprazole 30mg: 91.5% (89.0-93.9)
Complete healing at 8 weeks (Crude rate)
Dexlansoprazole DDR 60 mg: 86.9% (84.1-89.4), p=not significant
Dexlansoprazole DDR 90 mg: 89.4% (86.8-91.7), p<0.05 
Lansoprazole 30 mg: 84.6% (81.6-87.3)
Secondary Outcomes

Complete healing in patients with grade C or D disease at baseline (Life-table analysis)
Dexlansoprazole DDR 60 mg: 87.6% (82.2-92.2); NSD vs. Lansoprazole 30 mg
Dexlansoprazole DDR 90 mg: 93.3% (89.2-97.3): NSD vs. Lansoprazole 30 mg
Lansoprazole 30 mg: 87.7% (82.4-93.0)
Complete healing in patients with grade C or D disease at baseline (Crude rate)
Dexlansoprazole DDR 60 mg: 77.8% (71.3-83.5)
Dexlansoprazole DDR 90 mg: 86.3% (80.4-90.9)
Lansoprazole 30 mg: 78.9% (72.5-84.5)
Median percentage of heartburn free 24-hour 
No significant difference between either dose of dexlansoprazole DDR and lansoprazole


	
	Non-inferiority: In both studies, both doses of dexlansoprazole DDR achieved non-inferiority to lansoprazole. 
Superiority: The difference in healing did not reach statistical significance using the life-table analysis (p>0.025). However, the difference in healing did reach statistical significance in favor of dexlansoprazole DDR using the more conservative crude rate analysis, with therapeutic gains of 6% points (60mg) and 7% points (90mg) in study 1 and 5% points (90mg) in study 2.
Only Study 1 showed incremental benefit over lansoprazole 30 mg for both dexlansoprazole DDR 60 mg and 90 mg in life-table analyses and for only 60 mg in crude rate analyses. In post hoc pooled analyses, only dexlansoprazole DDR 90 mg showed superiority over lansoprazole 30 mg, with incremental benefits of 7 percentage points by life-table analyses and 8 percentage points by crude rate analyses. NNT = 13 to to heal moderate to severe erosive esophagitis in one additional patient with dexlansoprazole DDR relative to lansoprazole 30 mg.
Secondary outcomes: 
Week 4 healing: There was no statistically significant difference between the groups in Week 4 healing in either study using both life-table and crude rate analyses.
Week 8 healing in grade C or D disease: Post hoc analyses combining the results of the two studies showed that dexlansoprazole DDR 90mg was superior to lansoprazole in healing of moderate and severe erosive esophagitis.
Symptoms: In both studies, there was no statistically significant difference between the 3 arms in relief of heartburn symptoms.
Tolerability:
The percentage of patients with ≥1 AE was similar in the three arms in both studies. Most common AE resulting in premature discontinuation was diarrhea. No dose related increase in AEs was noted for dexlansoprazole DDR.

	Conclusions
	Data from these two identical randomized controlled studies in more than 4000 patients with erosive esophagitis shows that dexlansoprazole DDR 60mg and 90mg once daily are both effective in healing all grades of erosive esophagitis and are non-inferior to lansoprazole 30mg once daily.

	Critique
	Strengths
Head-to-head, multicenter, double-blind, randomized trial with mITT analysis and utilized two different methods of efficacy analysis (life-table and crude analysis). 
Limitations
The study did not compare lansoprazole 30mg bid to dexlansoprazole DDR to mimic the effects of modified release formulation of dexlansoprazole DDR. The study was designed to detect only a 6% difference in healing rates to define superiority, and the rationale for selecting this difference was not explained by the authors. The five-point heartburn severity rating used in this study has not been validated. Compliance rates in the setting of a clinical trial may be higher than real world use. Sequence generation and allocation concealment methods were not reported in publication; however, the other trials by this manufacturer used adequate randomization and blinding methods. Potential selective reporting; three of nine outcome measures (all secondary efficacy measures) were not reported in the publication. Results were sensitive to type of analysis.; High risks of bias from comparing double-dose to standard-dose PPI therapy and selecting a small superiority margin of 6% in terms of healing rates. Did not evaluate outcomes in terms of obtaining both complete healing and symptom relief, which is more difficult to achieve than either end point alone and that may require longer than 4 to 8 weeks of treatment. 
Quality of Evidence:  GRADE rating = Low. Jadad score = 3 of 5  
Manufacturer sponsored study.


	
	Metz DC, Howden CW, Perez MC, et al. Clinical trial: dexlansoprazole DDR MR, a proton pump inhibitor with dual delayed-release technology, effectively controls symptoms and prevents relapse in patients with healed erosive oesophagitis.  Alimen Pharmacol Ther. 2009;29(7):742-754

	Study Goals
	To assess the efficacy and safety of dexlansoprazole DDR MR in maintaining healed erosive esophagitis

	Methods
	Study Design 

Randomized, double-blind, placebo-controlled, multicenter trial. Duration = 6 months
Data Analysis

N=445

Primary outcome – percentage of patients who maintained healed erosive esophagitis at 6 months
Life-table method on ITT population was pre-specified at the primary analysis method for the primary endpoint. The crude rate analysis on ITT population was an additional (more conservative) method of analysis.
Secondary outcomes –percentage of heartburn-free 24-hour periods, percentage of heartburn free nights, mean severity of heartburn (patient reported & investigator assessed), percentage of days without rescue medication.

Arms:
Dexlansoprazole DDR 30mg/day (N=140)
Dexlansoprazole DDR 60mg/day (N=158)
Placebo (N=147) 

Significance: p<0.0025 for dexlansoprazole DDR 30mg and 60mg groups vs. placebo for all comparisons unless otherwise noted.


	Criteria
	Inclusion criteria

Patients ≥ 18 years old with endoscopically proven healed erosive esophagitis and had participated in the dexlansoprazole DDR vs. lansoprazole trial for healing erosive esophagitis (Sharma 2009).
Exclusion criteria

Condition requiring surgery during trial, H. pylori positive, use of PPIs, H2RAs, antacids, sucralfate, or misoprotol; chronic NSAID use; anticoagulation therapy or uncontrolled systemic disease.

	Results
	There were no statistically significant differences in demographics among treatment groups at baseline or in the proportion of patients in each group healed by the different EO healing treatments..

Primary Outcome:  maintenance of healed erosive esophagitis at 6 months was significantly greater in the treatment group compared with placebo

Dexlansoprazole DDR 30mg: 74.9%, 66.4% for life-table and crude-rate analysis respectively
Dexlansoprazole DDR 60mg: 82.5%, 66.4%  for life-table and crude-rate analysis respectively
Placebo: 27.2%, 14.3% for life-table and crude-rate analysis respectively

Subgroup analysis of maintenance rates stratified by LA grade of erosive esophagitis:

Grades A or B: 80% and 82% respectively for dexlansoprazole DDR 30mg and 60mg (vs. 30% placebo)
Grades C or D: 63% and 85% respectively for dexlansoprazole DDR 30mg and 60mg (vs. 15% placebo)
Secondary Outcomes

Median percentage of heartburn-free 24-hour periods was 96% and 91% with dexlansoprazole DDR 30mg and 60mg respectively vs. 29% with placebo.
Median percentage of heartburn-free nights was 99% and 96% with dexlansoprazole DDR 30mg and 60mg respectively vs. 72% with placebo.

Severity of heartburn symptoms was significantly less in both dexlansoprazole DDR groups vs. placebo.
Adverse effects

The only AE that occurred at a significantly higher rate on dexlansoprazole DDR MR than placebo was upper respiratory tract infections. 

No statistical difference in the rate of diarrhea between groups.

No dose response for different doses of dexlansoprazole DDR was observed in the rates of AEs 

No serious AEs were determined to be related to study drug

There was no meaningful difference in vitals and laboratory values between treatment and placebo

	Conclusions
	A significantly greater number of patients on the dexlansoprazole DDR 30 mg and 60 mg remained healed after 6 months of therapy compared with placebo. Difference in maintenance rates between the two doses of dexlansoprazole DDR for severe disease favored the 60mg strength but was not statistically significant. There was a high relapse rate in the placebo group at 1 month and at the end of the study resulting in high drop-out rate in this group. 

	Critique
	Strengths

A multi-center, randomized, controlled trial  that used validated questionnaires for assessment of heartburn symptoms. Adequate sequence generation, allocation concealment, double-blinding, adequately addressed incomplete outcome data / early discontinuations (exclusions and attrition).
Limitations

Enriched population (patients previously healed on dexlansoprazole) was used; this may underestimate risk of adverse events during maintenance therapy but it reflects clinical practice in that patients healed on dexlansoprazole would continue maintenance therapy on the same drug.
Quality of evidence:  GRADE rating = High; Jadad Score = 5 of 5
Manufacturer sponsored study.
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	Study Goals
	To assess the efficacy and safety of dexlansoprazole DDR MR in maintaining healed erosive esophagitis

	Methods
	Study Design 
Randomized, double-blind, multi-center, placebo-controlled, trial. Duration = 6 months
Data Analysis
N=451

Primary outcome – percentage of patients who maintained healed erosive esophagitis at 6 months
Life-table method was pre-specified at the primary analysis method for the primary endpoint on ITT population. The crude rate analysis on ITT population was an additional (more conservative) method of analysis. 
Secondary outcomes –percentage of heartburn-free 24-hour periods, percentage of heartburn free nights, mean severity of heartburn (patient reported using validated questionnaires & investigator assessed), and percentage of days without rescue medication. 
A one-way analysis of variance (ANOVA) model was used to assess treatment differences in continuous variables and chi-square or Fisher's exact test was used to overall treatment differences in categorical variables.
Arms:
Dexlansoprazole DDR 60mg/day (n=159)
Dexlansoprazole DDR 90mg/day (n=152)
Placebo (n=140) 
There were no statistically significant differences in demographics among treatment groups at baseline or in the proportion of patients in each group healed by the different healing treatments.
Premature discontinuation due to erosive esophagitis recurrence was 88% in placebo group compared to 31%-32% for the two dexlansoprazole DDR arms (P<0.001). 

	Criteria
	Inclusion criteria
Patients ≥ 18 years old with endoscopically proven healed erosive esophagitis and had participated in the dexlansoprazole DDR vs. lansoprazole trial for healing erosive esophagitis (Sharma 2009).
Exclusion criteria
Condition requiring surgery during trial, H. pylori positive, use of PPIs or H2RAs, unapproved antacids, sucralfate, misoprotol, prokinetics, chronic NSAID use, anticoagulation therapy, anticholinergics, or uncontrolled systemic disease.

	Results
	Significance level is p<0.0025 for dexlansoprazole DDR 60mg and 90mg groups vs. placebo for all comparisons unless otherwise noted.
Primary Outcome: maintenance of healed erosive esophagitis at 6 months was significantly greater in the treatment group compared to placebo
Dexlansoprazole DDR 60mg: 86.6%, 66.4% for life-table and crude-rate analysis respectively
Dexlansoprazole DDR 90mg: 82.1%, 64.5%  for life-table and crude-rate analysis respectively
Placebo: 25.7%, 14.3% for life-table and crude-rate analysis respectively
Secondary Outcomes
The median percentage of 24-hour heartburn-free days and median percentage of 24-hour heartburn-free nights were significantly higher in the treatment group compared to placebo.
Median of mean severity of heartburn and median days without the use of rescue medications also significantly favored dexlansoprazole DDR.
Adverse effects
Most frequent treatment related AEs included diarrhea, gastritis, abdominal pain, flatulence/ bloating/distension, and upper respiratory tract infections.
No adverse events were determined as being related to study treatment.
Differences between treatment groups and placebo for changes in clinical laboratory markers, biopsy results, physical examination or vital signs were not clinically concerning.

	Conclusions
	A significantly greater number of patients on the dexlansoprazole DDR 60 mg and 90 mg remained healed after 6 months of therapy compared with placebo.  Similarly, percentage of 24-hour heartburn-free periods and heartburn-free nights was significantly higher in the two dexlansoprazole DDR groups compared to placebo. In addition, the severity of heartburn symptoms and the incidence of rescue medication use were both significantly lower in the two treatment groups compared to placebo. 
There was no significant difference in the primary or any secondary outcomes between the two dexlansoprazole DDR groups.
Due to higher rate of erosive esophagitis recurrence in the placebo group, premature discontinuation in that group was significantly higher compared to both arms of dexlansoprazole DDR.

	Critique
	Strengths
A multi-center, randomized, controlled trial  that used validated questionnaires for assessment of heartburn symptoms. Adequate sequence generation, allocation concealment, double-blinding, adequately addressed incomplete outcome data / early discontinuations (exclusions and attrition).
Limitations
 Enriched population (patients previously healed on dexlansoprazole) was used; this may underestimate risk of adverse events during maintenance therapy but it reflects clinical practice in that patients healed on dexlansoprazole would continue maintenance therapy on the same drug. 
Quality of evidence:   GRADE rating = High; Jadad Score = 5 of 5
Manufacturer sponsored study.
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	Study Goals
	To assess efficacy and safety of dexlansoprazole DDR for relief of heartburn symptoms in patients with non-erosive reflux disease (NERD).

	Methods
	Study Design 
Four-week long,  randomized, double-blind, placebo-controlled, multi-center trial
Data Analysis
N=947
Primary outcome: Percentage of 24-hour heartburn-free days (daytime plus nighttime) 
Secondary outcomes: Percentage of heartburn-free nights;  percentage of days without daytime heartburn; mean severity of heartburn; percentage of heartburn-free 24-hour period, nighttime heartburn-free, and daytime heartburn free during the first 3 days of treatment; treatment of sustained resolution of heartburn (7 consecutive 24-hour heartburn-free days); percentage of days without rescue medication use; symptoms severity (investigator assessed and patient reported)
Pairwise comparison between each dexlansoprazole DDR dose and placebo were made using the Wilcoxon rank-sum test for the primary and secondary outcomes. Fisher's exact test was performed to compare symptom relief during the first three days of treatment as well as AEs.  Kaplan-Meier estimates were used to compared sustained resolution of symptoms (7 consecutive days). Cochrane-Mantel-Haenszel test was used to analyze investigator assessed symptom severity stratified by baseline severity.
Arms:
Dexlansoprazole DDR 30 mg/day
Dexlansoprazole DDR 60 mg/day
Placebo
No statistically significant differences were observed among the three groups in any baseline demographic characteristics. But a significantly greater percentage of patients in the placebo and dexlansoprazole DDR 30mg groups had 6-7 days with daytime/nighttime symptoms compared with 4-5 days for the dexlansoprazole DDR 60mg group.
Premature discontinuation rates did not differ between treatment groups.

	Criteria
	Inclusion criteria
Patients ≥ 18 years old who experienced heartburn for at least 6 months as the primary symptom for the majority of days during the week and had normal esophageal mucosa at screening endoscopy
Exclusion criteria
PPI hypersensitivity; pregnant or lactating; active duodenal or gastric ulcers within the previous 4 weeks; history of duodenal, gastric or esophageal surgery; erosive esophagitis or Barrett’s esophagus; esophageal strictures requiring dilation; chronic NSAID use; uncontrolled systemic disease or clinically relevant abnormal labs; use of H2RAs, PPIs, sucralfate, antacids, anticholinergics, or prokinetic agents

	Results
	There were no statistically significant differences between the two dexlansoprazole DDR groups for any clinical outcomes.
p<0.0001 for dexlansoprazole DDR 30 mg and 60 mg groups vs. placebo for all comparisons unless otherwise noted.
Primary Outcome
Percentage of 24-hour heartburn free periods (daytime/nighttime) was significantly greater for both dexlansoprazole DDR groups compared with placebo.
Dexlansoprazole DDR 30mg: 54.9%, Dexlansoprazole DDR 60mg: 50.0%, Placebo: 18.5%
Dexlansoprazole DDR 30mg and 60mg remained significantly greater than placebo in controlling 24-hour heartburn symptoms after adjusting for confounders such as age, gender, BMI, alcohol, tobacco, H. pylori status and baseline symptoms severity.
There is no difference in efficacy between H. pylori positive and H. pylori negative patients after 4 weeks of treatment with dexlansoprazole DDR 30 or 60mg.
Secondary Outcomes
Median percentage of heartburn free nights was significantly greater in both dexlansoprazole DDR groups compared with placebo.
Dexlansoprazole DDR 30mg: 80.8%, Dexlansoprazole DDR 60mg: 76.9%, Placebo: 51.7%
Median percentage of heartburn free days was significantly greater in both dexlansoprazole DDR groups compared with placebo.
Dexlansoprazole DDR 30mg: 63%, Dexlansoprazole DDR 60mg: 63%, Placebo: 26.9%
Significantly greater percentage of patients in both dexlansoprazole DDR groups had 24-hour heartburn free periods within the first 3 days compared with placebo.
Dexlansoprazole DDR 30mg: 13.9%, Dexlansoprazole DDR 60mg: 16.2%, Placebo: 2.2%
Significantly greater percentage of patients in both dexlansoprazole DDR groups achieved sustained resolution of heartburn by the end of treatment compared with placebo.
Dexlansoprazole DDR 30mg: 59%, Dexlansoprazole DDR 60mg: 42%, Placebo: 14%
Mean percentage of days without rescue medication use was significantly higher in the dexlansoprazole DDR groups compared with placebo.
Dexlansoprazole DDR 30mg: 63%, Dexlansoprazole DDR 60mg:63%, Placebo: 37.3%
Mean severity of daytime/nighttime, daytime and nighttime heartburn was significantly reduced in both dexlansoprazole DDR groups compared with placebo.
Adverse Effects
Incidence of AEs did not differ between the three arms. AEs reported in ≥5% of patients in any treatment group were diarrhea, headache, nausea and vomiting.
Incidence of AEs leading to withdrawal from the study did not differ between the three arms.
None of the serious AEs were determined to be related to the study drug.
Increase in serum gastrin values were similar to those expected in patients receiving PPI therapy and were not clinically concerning.

	Conclusions
	Dexlansoprazole DDR was significantly superior to placebo in providing 24-hour heartburn-free days in NERD patients. It was also significantly superior to placebo in providing relief of daytime and nighttime heartburn.  Heartburn relief occurred as early as 3 days in the dexlansoprazole DDR groups and was maintained throughout treatment. Dexlansoprazole DDR also reduced symptom severity. Treatment was well tolerated.

	Critique
	Strengths
This is a well designed, large, multi-center, randomized, placebo controlled trial utilizing a variety of endpoints to assess heartburn control. Data for the primary outcome was adjusted for confounding factors. Adequate sequence generation, allocation concealment, double-blinding, adequately addressed incomplete outcome data / early discontinuations. ITT analyses. No patients excluded from efficacy or safety analyses.
Limitations
The study had many exclusion criteria which represent a patient population that is likely to use PPI including those with esophageal and gastric disease and chronic NSAID use, etc. There is a potential for selection bias as patients who are unable to obtain relief from over-the-counter PPIs are more likely to participate in such trials; however, the effect of enrolling OTC PPI-resistant patients would tend to decrease rather than increase the effect size. Symptom severity scale not validated but similar ones used in other PPI clinical trials. Publication reported percentage of patients instead of time to sustained heartburn resolution (percentage of patients had statistically significant treatment difference) but this is only one of 12 outcome variables. Trial of 4 weeks’ duration may be too short to adequately assess response of NERD to treatment. No objective outcome measures for NERD. The use of self-reported symptom-based endpoints lack objectivity and has potential for recall bias but investigators tried to limit recall bias by using electronic daily diaries into which symptoms could be recorded shortly after they occurred.
Quality of evidence:  GRADE rating = Moderate  Jadad Score = 5 of 5
Manufacturer sponsored study.
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