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Introduction1-8
FDA Approved Indication: Teduglutide (GATTEX) injection is a glucagon-like-peptide-2 (GLP-2) analog that was approved December 21, 2012, with an orphan drug designation, for the treatment of adult patients with Short Bowel Syndrome who are dependent on parenteral support.1

Short Bowel Syndrome (SBS) refers to malabsorption due to intestinal insufficiency as a result of surgical resection of the small or large intestine, congenital defects, trauma, or reduced absorption related to disease.  Common causes for short bowel include Crohn’s disease, mesenteric ischemia, or damage due to radiation.  Symptoms associated with SBS may include diarrhea, steatorrhea, abdominal pain, dehydration, electrolyte abnormalities, and malnutrition.  Patients with SBS may be able to compensate for the reduced absorption by increasing oral intake and through functional, metabolic, and pharmacologic adaptation.  Intestinal failure (IF) is when nutritional support and/or water and electrolyte supplements are required to prevent malnutrition or dehydration, which is considered to be severe if parenteral nutrition is required. Complications of long term parenteral nutrition include infection related to the indwelling catheter, thrombosis, and liver disease.2-4   
Pharmacologic management of SBS may include use of antimotility agents (e.g., loperamide), or medications that reduce gastric acid secretion (e.g., H2 receptor antagonists, proton pump inhibitors, somatostatin analog).2-4   Recombinant growth hormone (somatropin, ZORBTIVE™) is approved  for the treatment of SBS (for up to 4 weeks) in patients receiving specialized nutritional support, based on reductions in caloric content and frequency of administration of parenteral nutrition with treatment compared to placebo.5    Glutamine (NUTRESTORE™) is also approved for the treatment of SBS (for up to 16 weeks) in patients receiving specialized nutritional support when used in conjunction with a recombinant human growth hormone that is approved for this indication.6  Based on a Cochrane systematic review of treatment with human growth hormone with or without glutamine in patients with SBS, it was noted that treatment increased weight and energy absorption.  In one trial, reductions in the following parameters were significantly greater  with human growth hormone plus  glutamine compared to glutamine alone:  parenteral nutrition volume in liters (L)/week (combination -7.7+3.2; human growth hormone alone -5.9+3.8; glutamine alone -3.8+2.4;), parenteral nutrition in calories/week (combination -5751+2082; human growth hormone alone -4338+1858; glutamine alone -2633+1341), and the number of infusions/week (combination -4+1; human growth hormone alone -3+2; glutamine alone -2+1); which corresponded to a reduction in the frequency of infusions to 1 to 2 days per week from a baseline of 5 to 6 days per week.  Maintenance of a statistically significant reduction in parenteral nutrition at 3 months of follow-up was seen only in patients receiving combination therapy.  The authors noted the limitation that the benefits returned to baseline after discontinuation of therapy.7
Glucagon-like-peptide-2 is secreted by intestinal L-cells following ingestion of a meal and is reported to inhibit gastric acid secretion, decrease intestinal motility, and stimulate intestinal blood flow.  As a GLP-2 analog, teduglutide binds to the GLP-2 receptors in the intestine, resulting in increased gastrointestinal fluid absorption, and increased villus height and crypt depth of the intestinal mucosa.3  In a clinical trial in patients with SBS dependent on parenteral support, significantly more patients achieved a response (primary endpoint defined as at least 20% reduction in weekly parenteral nutrition/intravenous volume from baseline) with teduglutide compared to placebo.1,3,8  
Summary of Clinical Trial Data1,3,8-11
The efficacy and safety of teduglutide in adult patients with SBS due to intestinal resection dependent on parenteral support (at least 3 times per week for at least 12 months) was studied in two randomized, double-blind, placebo-controlled, Phase 3 trials.8,9   The first study evaluated treatment with teduglutide at doses of 0.05 mg/kg/day or 0.1 mg/kg/day compared to placebo,9 whereas the second study compared 0.05 mg/kg/day to placebo.8  Both trials evaluated treatment up to 24 weeks, after which time patients could be enrolled in an extension study.1,3,8,9  The following table lists the exclusion criteria for the two clinical trials, respectively.8,9 
Table. Exclusion Criteria for Studies of Teduglutide in Patients with SBS8,9  

	

	Exclusion Criteria

	Study 19
(N=83)
	Study 28
(N=86)

	· Pregnancy or lactation
	· Cancer within past 5 years

	· BMI < 18 or > 27 kg/m2 
	· BMI < 15 kg/m2 

	· Active Crohn’s disease
	· Previous use of teduglutide 

	· Radiation enteritis, scleroderma, celiac disease, refractory or tropical sprue, diabetes
	· IBD on immunosuppressant therapy that was started or changed within past 3 months or biologics within 6 months

	· Alcohol or drug abuse within the past year
	· Alcohol or drug addiction within the past year

	· Previous use of teduglutide or potential allergy to teduglutide or its constituents
	· Previous use of native GLP-2 or human growth hormone within 6 months prior to screening

	· Inadequate hepatic function (ALT and AST > 2.0 X ULN, total bilirubin > 1.25 X ULN or alkaline phosphatase > 2.5 X ULN)
	· More than 4 SBS related hospital admissions within 12 months or hospital admission within 30 days prior to screening

	· Inadequate renal function (sCr or BUN > 1.5 X ULN)
	· Major uncontrolled psychiatric illness

	· Urine sodium < 20 mmol/day 
	· Compromised immune system 

	· Any hospitalization within 1 month prior to screening
	· Hypersensitivity or allergy to teduglutide or GLP-2

	· Use of infliximab, growth hormone or growth hormone factors (i.e., native GLP-2) or other biologic therapy within past 12 weeks
	· Ongoing radiation enteritis or presence of damaged enteral tissue due to radiation enteritis; celiac disease; refractory or tropical sprue; pseudo-obstruction

	· Use of systemic corticosteroids, methotrexate, cyclosporine, tacrolimus, sirolimus, octreotide, IV glutamine or any investigational drug within past 30 days
	· Untreated premalignant or malignant change in colonoscopy biopsy or polypectomy; intestinal or other major surgery scheduled during trial; chronic pancreatitis or cholecystitis

	· Use of antimotility or antidiarrheal agents, H2 receptor antagonists, proton pump inhibitors, bile sequestering agents, oral glutamine, diuretics and oral rehydration solutions were required to be stable for > 4 weeks prior to baseline and to remain stable throughout study 
	· Significant active, uncontrolled, untreated systemic disease (e.g., cardiovascular, respiratory, renal, infectious, endocrine, hepatic, or central nervous system)
IBD=Inflammatory Bowel Disease 


Adjustment of Parenteral Support (i.e., parenteral nutrition and/or intravenous fluid):  Prior to randomization in both studies, eligible patients underwent optimization of parenteral support (defined as stable urine output volume of 1.0 to 2.0 L/day) for a maximum of 8 weeks.8,9  After a stabilization period of an additional 4 to 8 weeks in Study 1, patients were eligible for randomization if their urine output volume was maintained at 1.0 to 2.0 L/day on the stabilized parenteral volume and consistent intake of oral beverages. After randomization, providers adjusted the patient’s parenteral volume according to a parenteral weaning algorithm (refer to Table below).9   In Study 2, stabilization of parenteral support consisted of at least 4 consecutive weeks where the actual parenteral support usage matched the prescribed parenteral support, baseline 48 hour oral fluid intake and urine output volumes were within + 25% of the respective 48 hour volumes, and the patient had 2 to 4 L of urine output volume per 48 hours.8   During the treatment phase in Study 2, adjustments in parenteral support were targeted to be > 10% but < 30% of the amount of parenteral support during the stabilization period.  Adjustments were made within these parameters if the 48 hour urinary volume was greater than baseline by more than 10% (refer to Table below).8    Determination of whether to discontinue parenteral support for a day, or reduce the percentage volume of all days that parenteral support was being administered; to change the constituents of the parenteral nutrition or intravenous fluids providing the parenteral support; or to completely wean off parenteral support; was based on the investigator’s clinical judgment and patient preference.8 
Table. Adjustments in Parenteral Support (PS) Based on 48 Hour Urinary Output (Study 1 and 2)8,9  

	

	Urine Output
	Adjustment in Parenteral Support

	< 1.0 L/day8,9 or target based on stabilized urine output8 →
	↑ PS volume by > 10% (at week 2)8 or to previous level8,9

	> 1.0 L/day but less than baseline  →
	If dehydrated or inadequately nourished, ↑ PS; if not, maintain PS  

	0 to < 10% increase over baseline →
	Maintain PS volume 

	> 10% increase over baseline →
	↓ PS by > 10% baseline8 (if urine output up to 2.0 L/day)9 up to clinically appropriate amount (up to 30%)8 (if urine output > 2.0 L/day)9


Endpoints: The primary endpoint in Study 1was initially to evaluate the responder rate, defined as the percent of patients with a reduction in weekly parenteral volume of > 20% from baseline at week 20 and then again at week 24.  An expanded graded primary endpoint was added to compare the intensity and duration of response using a graded response score (refer to Table below).  A reduction in number of days of, or to eliminate the need for, parenteral support was a secondary endpoint.  Other secondary endpoints included the absolute reduction in volume of parenteral support and in parenteral kilojoules (kJ).9  In Study 2, the primary endpoint was the percent of patients with a response at week 20 that was maintained at week 24.  Response was defined as achievement of 20% to 100% reduction in weekly parenteral support volume from baseline.8  Secondary endpoints included the percent and absolute change in parenteral support, and the number of patients who discontinued parenteral support and the time of discontinuation.  Reduction in the number of days on parenteral support was one of the exploratory analyses, as was the change in plasma concentration of citrulline (used as biomarker of mucosal mass) from baseline.8  
Table. Graded Response Score for Primary Endpoint of Study 19  

	
	
	
	
	

	
	
	Week 20 maintained at Week 24

	
	< 20% ↓ PV
	20-39% % ↓ PV
	40-99% % ↓ PV
	100%↓ PV

	Week 16 maintained to Week 20
	< 20% ↓ PV
	0
	1
	2
	3

	
	20-39% ↓ PV
	0
	2
	3
	4

	
	> 40 ↓ PV
	0
	3
	4
	5


PV=Parenteral Volume
Table. Baseline Demographics and Clinical Characteristics3,8,9 
	Characteristic
	Study 1
	
	
	Study 2
	

	
	Teduglutide

0.05 mg/kg/d

(n=35)
	Teduglutide

0.10 mg/kg/d

(n=32) 
	Placebo

(n=16)
	Teduglutide 0.05 mg/kg/d

(n=43)
	Placebo 

(n=43)

	Gender (% Female)
	51.4
	59.4
	56.3
	51
	56

	
	
	
	
	
	

	Mean Age (Range) yrs    
	47.1 (20-68)
	50.3 (19-79)
	49.4 (20-72)
	50.9 (22-78)
	49.7 (18-82)

	
	
	
	
	
	

	Time on PSa (yrs) 
	6.6
	7.3
	7.9
	3.6
	3.9

	
	
	
	
	
	

	Parenteral Volumea (ml/day)    
	1374
	1816
	1531
	1714
	1771

	
	
	
	
	
	

	Mean Parenteral Energy (kJ/day)
	3385
	5296
	3992
	NR
	NR

	
	
	
	
	
	

	Cause of intestinal resection (%)

     Vascular disease
     Crohn’s disease
     Volvulus
     Injury
     Other
	40

29

14

9

9
	25

41

13

6

16
	19

44

13

6

19
	30

23

7

9

30
	37

19

14

9

21

	
	
	
	
	
	

	Concomitant medications 
     Antidiarrheals (%)

     Antisecretory agents (%)
	63

54
	59

53
	50

44
	51

58
	37

51

	
	
	
	
	
	


 NR=Not Reported; PS=Parenteral Support; 1 Calorie (kcal)=4.184 kJ
aStudy 1 (mean); Study 2 (median)  
Results: As shown in the table above, the majority of patients had bowel resection due to vascular disease or Crohn’s disease.  The parenteral volume at baseline was 1 to 2 L/day.8,9  Results of the primary and secondary endpoints for Study 1 are shown in the table below.  There was not a significant difference in the graded response score (primary endpoint) between treatment with teduglutide 0.1 mg/kg/day and placebo (P=0.16).  As the study was set up so that a statistically significant difference needed to be achieved between the higher dose of teduglutide and placebo in order to continue the comparisons, an ad hoc analysis of the primary endpoint and the lower dose of 0.05 mg/kg/day was conducted that showed treatment at this dose to significantly reduce the graded endpoint score compared to placebo (P=0.007).  The secondary endpoint of a > 20% reduction from baseline in parenteral volume at week 20 maintained to week 24 was significant for the comparison between teduglutide 0.05 mg/kg/day vs. placebo.  Three patients (two on teduglutide 0.05 mg/kg/day and one on teduglutide 0.1 mg/kg/day) were able to be completely weaned from parenteral support. These patients had been dependent on parenteral support for 25, 6.5, and 3.7 years and were receiving 5.4, 3.5, and 4.5 L of parenteral support per week, respectively, at baseline.  There was no statistically significant decrease in number of days on parenteral support in either treatment group compared to placebo.  A significant reduction in daily parenteral volume at week 24 was seen in both the teduglutide treatment groups compared to baseline (P<0.001), which was also significantly reduced with placebo (P=0.03) at week 24.  The difference in reduction in parenteral volume with treatment compared to placebo was only statistically significant at week 20 with teduglutide 0.05 mg/kg/day (P<0.05).  The weekly reduction in parenteral volume with both teduglutide treatment groups was 2.5 L per week compared to 0.9 L per week in the placebo group (P=0.08 for both treatment groups vs. placebo).  The reductions in parenteral energy were not significant between the teduglutide treatment groups and placebo (P=0.11).  According to results of exploratory analysis, there was a significant increase in small bowel villus height and plasma citrulline levels in both treatment groups compared to placebo.  It was also reported that there was no major effect on overall results of three quality of life assessments.3,9   
Table. Results of Primary and Secondary Endpoints (Study 1)9  
	Results
	Study 1
	
	

	
	Teduglutide

0.05 mg/kg/d

n (%)
	Teduglutide

0.10 mg/kg/d

n (%) 
	Placebo

n (%)

	Graded Response Scorea
	
	
	

	0 (< 20% ↓ PV)

1

2

3

4

5 (Off PS)
	19 (54)

6 (17)

6 (17)

0

2 (6)

2 (6)
	24 (75)

2 (6)

4 (13)

0

2 (6)

0b
	15 (94)

0

1 (6)

0

0

0

	
	
	
	

	PV ↓ > 20% vs. baselinec    
	16 (46)
	8 (25)
	1 (6)

	
	
	
	

	PV ↓ (ml/day) week 24d    
	354+334
	353+475
	128+202

	
	
	
	

	Parenteral Energy ↓ (kJ/day) week 24d
	912+1333
	447+1051
	243+450

	
	
	
	


PS=Parenteral Support; PV=Parenteral Support Volume
a Primary endpoint: Graded Response Score comparison teduglutide 0.1 mg/kg/day vs. placebo P=0.16; ad hoc comparison teduglutide 0.05 mg/kg/day vs. placebo P=0.007
b One patient weaned off parenteral support at week 24 with Graded Response Score  4  
a Main secondary endpoint: decrease of > 20% from baseline in weekly PV maintained from week 20 to 24; teduglutide 0.1 mg/kg/day vs. placebo P=0.17, teduglutide 0.5 mg/kg/day vs. placebo P=0.005
d Not statistically significant with either teduglutide treatment vs. placebo
Results of the primary and secondary endpoints for Study 2 are shown in the table below. There were significantly more patients treated with teduglutide 0.05 mg/kg/day who achieved the primary endpoint of response (20% to 100% reduction in weekly parenteral support volume from baseline) compared to placebo (63% vs. 30%, P=0.002; calculated number needed to treat [NNT]=3).  The authors attributed the higher response rate in this study compared to Study 1 to the protocol allowing earlier and more aggressive volume reduction of up to 30% in parenteral support.  It was reported that small bowel length did not appear to predict response.  The secondary endpoints of absolute and percent reduction in volume of parenteral support were significantly greater with treatment vs. placebo.  None of the patients were able to be weaned completely off parenteral support at week 24.  As part of the exploratory analyses, there were significantly (P=0.005) more patients at week 24 who achieved a reduction of > one day of actual parenteral support use per week with treatment (54%; 13 patients with a reduction of 1 day, 8 patients with > 2 days off parenteral support) compared to placebo (23%; 6 patients with a reduction of 1 day, 3 with > 2 days off parenteral support).  It was stated that an assessment of quality of life was beyond the scope of the study.  It was also reported that the increase in plasma concentration of citrulline from baseline was significantly higher with treatment compared to placebo.8
Table. Results of Primary and Secondary Endpoints (Study 2)8  

	Results
	Study 2
	
	

	
	Teduglutide

0.05 mg/kg/d

(n=43)
	Placebo

(n=43)
	P value

	Responders n (%)
	27 (63)
	13 (30)
	0.002

	
	
	
	

	PV at week 24
     Decrease in L/week

     % Decrease   
	4.4+3.8

32.4+19
	2.3+2.7

21+25
	<0.001

0.03

	
	
	
	


PV=Parenteral Support Volume
Extension Studies: After completion of Study 1, 52 patients were enrolled in the extension trial for analysis of continued therapy on their previously assigned dose (25 patients on teduglutide 0.05 mg/kg/day and 27 on teduglutide 0.10 mg/kg/day) for an additional 28 weeks.10  Patients previously receiving placebo were also randomized to the two treatment doses but were not included in this analysis.3,10  At baseline, 58% of the 52 patients required parenteral support 3 to 5 days per week, with 31% on daily parenteral support; 12% of patients required only intravenous fluids and electrolytes for parenteral support.  There were 43 patients who completed the 52 weeks of treatment.  At the end of the extension study, 68% of patients (17 of 25) who received teduglutide 0.05 mg/kg/day were responders (> 20% reduction in parenteral support volume compared to baseline) and 52% (14 of 27) on 0.1 mg/kg/day were responders.  Parenteral support volume was reduced by 4.9 L/week (52%) and parenteral energy intake was reduced by 3511.09 kcal/week in the teduglutide 0.05 mg/kg/day treatment group.  It was stated that the reduction in parenteral support volume translated into a decrease in need for parenteral support of 1 or more days by 52 weeks in 68% of patients on teduglutide 0.05 mg/kg/day.  A total of 4 patients (three in the 0.05 mg/kg/day group and another in the 0.10 mg/kg/day group) were able to be completely weaned off parenteral support.  These patients had been receiving parenteral support volume in a range of 3.5 L to 12.0 L per week at baseline.  Four weeks after discontinuing therapy in the extension trial, parenteral support volume requirements increased to 5.5+4.4 L/week compared to 4.0+3.4 L/week at the end of 52 weeks treatment in the teduglutide 0.05 mg/kg/day treatment group (the parenteral support volume requirement did not increase in the 0.10 mg/kg/day treatment group after discontinuation of therapy).  
Of the 52 patients enrolled in the extension trial analysis, 96% reported at least one treatment emergent adverse event. The most common adverse events reported in the extension trial were headache (35%), nausea (31%), abdominal pain (25%), nasopharyngitis (25%), vomiting (17%), catheter sepsis (17%), and urinary tract infections (17%).  Events considered to be related to treatment with teduglutide included gastrointestinal complaints, injection site complaints, and complaints related to stomal hypertrophy and injury or stomal site reaction.  Seven patients discontinued therapy, with 4 related to gastrointestinal symptoms.   No cancers or adenomatous polyps were found on colonoscopy at the end of the trial; one polyp was noted in one patient that was shown to be a hyperplastic lesion.10 
The extension trial after completion of Study 2 included 88 patients who received teduglutide 0.05 mg/kg/day (37 patients previously on study drug, 39 on placebo, and 12 patients optimized and stabilized on parenteral support but not included in the original trial).  At the end of the extension study, 74 of the 88 patients had received 12 months of treatment with teduglutide, with 68% achieving a 20 to 100% decrease in parenteral support volume.  Of the patients who received 18 months of treatment, parenteral support volume decreased from a baseline of 7.6 L/week to 5.8 L/week; and in patients who previously received placebo, parenteral support volume was reduced from 10.5 L/week at baseline prior to treatment, to 8.4 L/week at the end of 12 months treatment with teduglutide.  Per abstract data, 51% of patients (38 of 74) were reported to have at least one additional day off parenteral support.  It was also reported that 14% of patients (12 of 88) were able to be weaned from parenteral support after 28 to 114 weeks of treatment with teduglutide 0.05 mg/kg/day.  Baseline parenteral support requirements had been 3.5 to 13.4 L/week in these patients.3  
Quality of Life: According to the results from Study 1, the authors reported that there was no major effect on overall results of three quality of life assessments, and that disease-specific quality of life measurements were in development to adequately assess quality of life in patients with SBS.9   Although it is stated in the discussion of Study 2 that an assessment of quality of life was beyond the scope of the study, 8 an SBS-QoL™ assessment was performed as an exploratory analysis and reported in another publication.3,11 The SBS-QoL assessment was completed nine times by patients in Study 2 (twice during stabilization, at baseline, and then monthly for 6 assessments up to week 24).  The 17 item assessment was conducted based on recall of the previous 7 days, and used a visual analogue scale from 0 mm (response “not at all”) to 100 mm (response “very much”); except for the general well-being response which was “excellent” to “unbearably bad”.  In order for patients to qualify for the quality of life analysis, they were part of the intention-to-treat population enrolled in Study 2, and had a baseline quality of life score greater than the minimal clinically important difference determined as 18.4, with SBS-QoL assessment for weeks 20 and 24.  There was a significant influence of the primary analysis of reduction in parenteral support volume of > 20% (P=0.0194), baseline SBS-QoL value (P=0.0009), interaction between treatment and parenteral support volume (P=0.0290); although, treatment (i.e., teduglutide vs. placebo) was not found to have a statistically significant influence on quality of life (P=0.9127). Results of the overall quality of life scores and those for subscales 1 and 2 are shown in the table below.  There was a significant reduction in the scores with teduglutide treatment compared to baseline, but the reduction was not statistically significant in the placebo group.  There was no significant difference in the change in quality of life scores with treatment compared to placebo.11     
Table. Overall Results of Quality of Life Assessment SBS-QoL (Study 2)11  

	
	Teduglutide (N=35)
	Placebo (N=35)
	P Value 

	
	Baseline
	Week 24
	Change
	P 
	Baseline
	Week 24
	Change 
	P 
	Teduglutide vs. Placebo

	Total Score 
	79.7
	69.0
	-5.9
	0.0038
	73.7
	78.3
	-1.7
	0.3168
	0.2286

	Subscale 1   
	53.1
	48.4
	-6.1
	0.0109
	50.1
	48.4
	-1.5
	0.2824
	0.3124

	Subscale 2
	26.7
	24.2
	-2.1
	0.0225
	28.7
	25.7
	-1.4
	0.3168
	0.2620

	
	
	
	
	
	
	
	
	
	

	Subscale 1: general well-being, everyday activities, working life/ability to work, leisure activities, social life, energy level, physical health, mobility and self-care activities, emotional life, sleep, fatigue/weakness

Subscale 2: pain, diet, eating and drinking habits, gastrointestinal symptoms, diarrhea/stomal output, skeleton/muscle symptoms, other symptoms/discomfort


Safety1
Refer to the manufacturer’s prescribing information for complete safety information.1
Contraindications: None.1  
Warnings and Precautions: 1 (refer to http://www.gattexrems.com/) 
· Acceleration of neoplastic growth: colonoscopy with polyp removal should be conducted within 6 months prior to beginning therapy with teduglutide and at the end of 1 year, with subsequent colonoscopies every 5 years.  Teduglutide should not be used in patients with colon cancer or other active gastrointestinal malignancy.  In patients at increased risk for malignancy, or with active non-gastrointestinal malignancy, the risk vs. benefit of teduglutide therapy should be taken into consideration.  
· Intestinal obstruction: teduglutide should be discontinued in patients who develop intestinal obstruction, pending further evaluation and management.   
· Biliary and pancreatic disease: cholecystitis, cholangitis, cholelithiasis, and pancreatitis have been reported in clinical trials with teduglutide.  Laboratory assessment (bilirubin, alkaline phosphatase, lipase, amylase) should be conducted within 6 months prior to starting teduglutide, with subsequent laboratory follow-up every 6 months.  Additional evaluation is recommended in patients where clinically meaningful changes are seen.  

· Fluid overload: if fluid overload occurs, especially in patients with cardiovascular disease, parenteral support should be adjusted as indicated, and treatment with teduglutide reassessed.  
· Increased absorption of concomitant oral medications: dosage adjustment may be required in patients receiving concomitant oral medications (e.g., benzodiazepines, phenothiazines) that require titration or have a narrow therapeutic index.  
Deaths and Other Serious Adverse Events (Sentinel Events): No deaths were reported in the Phase 3 clinical trials during treatment with teduglutide8,9 (one death, due to a bleeding ulcer, was reported during the screening phase of one of the Phase 3 trials).9 In one trial, treatment-emergent serious adverse events were reported in 15 patients (36%) receiving teduglutide compared to 12 patients (28%) in the placebo group; with two treatment emergent serious adverse events (acute cholecystitis and small intestinal stenosis) thought to be related to teduglutide.8  In another study, the most frequently reported serious adverse events with teduglutide were catheter-related complications, catheter sepsis, catheter site infection, small intestinal obstruction and fever.  One patient experienced a serious adverse event including hypersomnia, dysgeusia, and coma.  Overall, serious adverse events were reported in 11 (34%) and 13 (37%) patients receiving teduglutide 0.10 mg/kg/day and 0.05 mg/kg/day, respectively, compared to 5 (31%) patients on placebo.9 
Adverse Reactions:  The most common adverse reactions reported in > 10% of patients treated with teduglutide (in all clinical trials) included abdominal pain (30.0%), injection site reactions (22.4%), nausea (18.2%), headaches (15.9%), abdominal distention (13.8%), and upper respiratory tract infection (11.8%).  Overall, 88.3% of patients (68 of 77) treated with teduglutide 0.5 mg/kg/day experienced an adverse reaction compared to 83.1% of patients (49 of 59)  on placebo.1  The following table includes a comparison of adverse reactions reported in > 5% of patients in clinical trials of patients with SBS who received teduglutide 0.05 mg/kg/day, and that occurred more often than placebo.1,8,9  Other adverse events of note include: gastrointestinal stoma complication in 41.9% on teduglutide (13 of 31 patients with stoma) vs. 13.6% on placebo (3 of 22 patients with stoma); malignancy (3 patients on teduglutide: metastatic carcinoma in a patient with history Hodgkin’s disease and liver lesion; lung cancer [squamous and non-small cell] diagnosed after 12 and 3 months, respectively, in two patients with extensive smoking history); colorectal polyps (5 patients receiving teduglutide and one patient on placebo); gastrointestinal obstruction (12 patients on teduglutide); gallbladder, biliary and pancreatic disease (6 patients with cholecystitis while on teduglutide; 1 patient each with pancreatic pseudocyst, chronic pancreatitis, acute pancreatitis while on teduglutide); fluid overload (9 patients on teduglutide, 2 with congestive heart failure [1 of which was reported as serious]; 4 patients on placebo); increased absorption of concomitant medications (1 patient receiving concomitant benzodiazepine during first week of treatment with teduglutide experienced deterioration of mental status and coma with ICU admission; coma resolved 5 days after discontinuation of interacting medications).1
Table. Adverse Reactions [n (%)] in > 5% of Patients Treated with Teduglutide and More Frequently than Placebo1,8,9   

	Adverse Event
	Teduglutide 0.05 mg/kg/day 
(N=77)
	Placebo 
(N=59)

	Abdominal pain
	29 (37.7)
	16 (27.1)

	Upper respiratory tract infection
	20 (26.0)
	8 (13.6)

	Nausea
	19 (24.7)
	12 (20.3)

	Abdominal distention
	15 (19.5)
	1 (1.7)

	Vomiting
	9 (11.7)
	6 (10.2)

	Fluid overload
	9 (11.7)
	4 (6.8)

	Flatulence
	7 (9.1)
	4 (6.8)

	Hypersensitivity
	6 (7.8)
	3 (5.1)

	Appetite disorders
	5 (6.5)
	2 (3.4)

	Sleep disturbances
	4 (5.2)
	0

	Cough
	4 (5.2)
	0

	Skin hemorrhage
	4 (5.2)
	1 (1.7


Immunogenicity: Anti-teduglutide antibodies were present in 18% of patients (6 of 24) with SBS at week 24 who were treated with teduglutide 0.05 mg/kg/day; five of these patients demonstrated cross-reactivity to native GLP-2.  Immunogenicity increased to 27% of patients at 12 months and 38% of patients at 18 months in the extension study.  The product information states that anti-teduglutide antibodies do not appear to impact the efficacy or safety of teduglutide for up to 1.5 years of treatment; although, the long-term impact is unknown.1  
Drug Interactions: There is the potential for increased absorption of concomitant oral medications.  Medications requiring titration or that have a narrow therapeutic index may require dose adjustment when used in patients on teduglutide.1 

Pregnancy and Nursing Mothers: Teduglutide is pregnancy category B.  Teduglutide should only be used in pregnant women if clearly indicated as animal reproduction studies do not always predict response in humans.  Teduglutide has been found to be excreted in rat milk.  It is unknown if teduglutide is excreted in human milk; however, due to the potential for serious adverse reactions to the nursing infant from teduglutide, and the potential for tumorigenicity with teduglutide in rats, a decision should be made to discontinue teduglutide or discontinue nursing, considering the need for the medication in the mother.1
Look-alike/Sound-alike (LA/SA) Error Risk Potential

As part of a Joint Commission standard, LA/SA names are assessed during the formulary selection of drugs.  Based on clinical judgment and an evaluation of LA/SA information from four data sources (Lexi-Comp, First Databank, and ISMP Confused Drug Name List), the following drug names may cause LASA confusion:

	NME Drug Name
	Lexi-Comp
	First DataBank
	ISMP
	Clinical Judgment

	Teduglutide 

5 mg vial,  for subcutaneous injection
GATTEX®
	None
None
	None
None
	None

None
	Liraglutide

Teriparatide

Granulex

Gas-X

Gavilax


Dosage and Administration1 
General Recommendations: Teduglutide is available in single-use vial containing 5 mg for reconstitution with 0.5 ml sterile water for injection.   Prior to dispensing, teduglutide should be refrigerated at a temperature of 2 to 8°C (36 to 46°F).  Once dispensed, the patient should be instructed to store the medication at room temperature up to 25°C (77°F), with a 90 day “use by” date.  A medication guide should be dispensed to each patient.1  

Dosing: The recommended dosing of teduglutide is 0.05 mg/kg/day administered by subcutaneous injection.  The dose of teduglutide should be reduced by 50% in patients with moderate to severe kidney impairment (CrCl < 50 ml/min) and end-stage renal disease.  No dosage adjustments are recommended in patients older than 65 years of age or those with mild to moderate hepatic impairment; however, teduglutide has not been formally studied in patients with severe hepatic impairment.

Acquisition Cost

Refer to VA pricing sources for updated information.
Summary and Conclusions

In patients with short bowel syndrome dependent on parenteral support, significantly more patients treated with teduglutide 0.05 mg/kg/day achieved at least a 20% reduction in weekly parenteral support volume, with a greater reduction in absolute and percent volume of parenteral support, compared to placebo.  In this same trial, none of the patients were able to be weaned completely off parenteral support at the end of the 24 week treatment period; however, two patients in another comparison trial of 24 weeks duration were able to be removed from parenteral support during treatment with teduglutide at the FDA approved dose.  According to exploratory analyses from one trial, significantly more patients achieved a reduction of > one day of weekly parenteral support use with teduglutide 0.05 mg/kg/day compared to placebo.  In an exploratory analysis of disease specific quality of life in this study, there appeared to be improvement with teduglutide compared to baseline; however, there was not a significant difference with teduglutide compared to placebo.  Gastrointestinal symptoms were the most frequently reported adverse event with teduglutide treatment in the trials.  According to data from two extension trials, the reduction in parenteral volume appeared to be maintained; with a loss of benefit when treatment was discontinued, according to one of the extension trials.  Due to the mechanism of teduglutide as a GLP-2 analog, and the risk for hyperplastic changes including neoplasia, the risk vs. benefit of treatment with teduglutide in patients at increased risk for malignancy should be taken into consideration, and it is recommended that colonoscopy be performed within 6 months prior to treatment with teduglutide with follow-up (i.e., colonoscopy or alternate imaging) at one year of treatment.   Due to the potential for acceleration of neoplastic growth as well as other warnings and precautions as discussed in the review, the FDA requires a Risk Evaluation and Management Strategy (REMS) with the use of teduglutide (refer to http://www.gattexrems.com/).  Long-term safety and efficacy is not available past 12 to 18 months of treatment.  There is also inadequate information on treatment with teduglutide and the potential impact of reduction in parenteral support volume, or number of days of parenteral support required, on quality of life.  There are no direct comparison trials with other approved therapies (e.g., recombinant human growth hormone and glutamine).  
Teduglutide may be an option in the management of patients with short bowel syndrome dependent on parenteral support (> 3 times per week for > 12 continuous months, as studied in clinical trials), in an effort to reduce parenteral support volume.  Prior to considering teduglutide, utilization of antidiarrheal and antisecretory agents should be optimized.  As a successful reduction in parenteral volume may be achieved in patients dependent on parenteral support who participate in an aggressive and closely monitored weaning protocol,8 the patient’s current parenteral support regimen and dietary therapy should be evaluated and participation in a weaning protocol managed by clinical experts should be optimized prior to considering, as well as during therapy with teduglutide.  Additional information is needed to help determine patient factors that may predict response to therapy (e.g., it was reported that small bowel length did not appear to predict response in one trial; it was noted that patients who were able to completely wean off parenteral support in the extension studies were receiving parenteral support volume of 3.4 to 13.4 L/week at baseline).  Continued therapy should be reevaluated on a regular basis taking into consideration response to therapy and whether there is a clinically meaningful reduction in parenteral support volume (e.g., > 20% reduction from baseline, or reduction in days on parenteral support) to impact patient activities or quality of life.  If minimal or no response is noted, or intolerable side effects or safety concerns arise, teduglutide should be discontinued.   
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