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B.1 Decision problem, description of the technology and
clinical care pathway

B.1.1 Decision problem

The submission covers the technology’s full marketing authorisation for this
indication. Teduglutide is indicated for the treatment of patients aged 1 year and
above with Short Bowel Syndrome (SBS); patients should be stable following a
period of intestinal adaptation after surgery.

Table 1: Decision problem

support requirements
(volume and frequency)

 overall survival

 adverse effects of
treatment

* health-related quality of
life
* impact on carers

Final scope issued by Decision problem | Rationale if
NICE addressed in the different from
company the final NICE
submission scope
Population People with short bowel People aged 21 Teduglutide is
syndrome who are stable | year old with short | licensed in
following a period of bowel syndrome patients at
intestinal adaptation after | who are stable least 1 year old
surgery following a period
of intestinal
adaptation after
surgery
Intervention Teduglutide in addition to | As per scope NA
established clinical
management
Comparator(s) Established clinical As per scope NA
management without
teduglutide (including
parenteral support,
antimotility and
antisecretory agents, fluid
restriction and dietary
optimisation)
Outcomes * reduction in parenteral As per scope NA

Abbreviations: NA, not applicable
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B.1.2 Description of the technology being appraised
Table 2: Technology being appraised

UK approved name and
brand name

Approved name: Teduglutide
Brand name: Revestive®

Mechanism of action

Teduglutide is a modified analogue of the naturally occurring
human glucagon-like peptide 2 (GLP-2), a peptide produced
by enteroendocrine L cells mainly in the ileum and colon.
GLP-2 is a key mediator of intestinal adaptation, with a
number of intestinotrophic effects that include increasing
intestinal and portal blood flow, stimulating growth of the
gastrointestinal epithelium, inhibiting gastric acid secretion,
and decreasing intestinal motility.

Compared to GLP-2, teduglutide has a single amino acid
substitution; an alanine at the second position of the N-
terminus in GLP-2 is replaced by glycine in teduglutide. This
improves teduglutide’s resistance to degradation (by the
enzyme dipeptidyl peptidase-1V) and lengthens in vivo half-life
from 7 minutes to approximately 2 hours’.

Marketing
authorisation/CE mark
status

European and UK marketing authorisation was granted on
30" August 2012 (European Commission date) for adult
patients with short bowel syndrome (SBS). On the 29" June
2016, the indication was extended to include the treatment of
patients aged 1 year and above with short bowel syndrome
who are stable following a period of intestinal adaptation®.

Teduglutide has been commercially available in the UK for
treating SBS since September 2014, and was approved by
the Scottish Medicines Consortium (SMC) for use in Scotland
in 2018 for paediatric patients? and in 2020 for adult patients3.

Indications and any
restriction(s) as
described in the
summary of product
characteristics (SmPC)

Teduglutide is indicated for':

“The treatment of patients aged 1 year and above with short
bowel syndrome (SBS). Patients should be stable following a
period of intestinal adaptation after surgery.”

The SmPC gives the following key restrictions on the use of
teduglutide in adults and children:

Teduglutide is contraindicated in patients with:

* Hypersensitivity to the active substance or any excipients or
to trace residues of tetracycline

* Active or suspected malignancy

* A history of malignancies in the gastrointestinal tract,
including the hepatobiliary system and pancreas within the
last five years

Teduglutide therapy must be discontinued in the case of any
of the following:

* Malignancy resulting from a colorectal polyp
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» Malignancy resulting from gastrointestinal neoplasia
(including hepatobiliary tract)

The need for continued teduglutide therapy should be
reassessed in the case of any of the following:

* Gallbladder or bile-duct related symptoms

* Pancreatic adverse events

» Significant deterioration of cardiovascular disease
* Recurrent intestinal obstructions

Additionally, due to the risk of dehydration and acute renal
failure in patients with SBS whilst receiving teduglutide,
parenteral support should be reduced carefully and should not
be discontinued abruptly. Similarly, discontinuation of
treatment with teduglutide should be managed carefully to
avoid dehydration.

Patients receiving oral concomitant medicinal products should
be monitored closely due to potential increased absorption.
Caution should be exercised when prescribing teduglutide in
patients with severe, clinically unstable concomitant diseases
or with malignancies within the last five years.

Method of
administration and
dosage

Treatment initiation (adults and children)*:

Treatment should be initiated under the supervision of a
medical professional with experience in the treatment of SBS.

Treatment should not be initiated until it is reasonable to
assume that a patient is stable following a period of intestinal
adaptation. Optimisation and stabilisation of intravenous fluid
and nutrition support should be performed before initiation of
treatment.

Dosing (adults and children)’:

Recommended dose is 0.05 mg/kg body weight, once daily.
Teduglutide is provided in 5 mg and 1.25 mg vials (for
patients >20 kg and <20 kg respectively).

In adults and children with moderate and severe renal
impairment (creatinine clearance less than 50 ml/min), and
end-stage renal disease, the daily dose should be reduced by
50%.

Administration (adults and children):

The reconstituted solution should be administered by
subcutaneous injection once daily, alternating sites between 1
of the 4 quadrants of the abdomen. In case the injection into
the abdomen is hampered by pain, scarring or hardening of
the tissue, the thigh can also be used. Teduglutide should not
be administered intravenously or intramuscularly.
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Treatment course (adults) per SmPC":

Treatment effect should be evaluated after 6 months. Limited
data from clinical studies have shown that some patients may
take longer to respond to treatment (i.e., those who still have
presence of colon-in-continuity or distal/terminal ileum); if no
overall improvement is achieved after 12 months, the need for
continued treatment should be reconsidered.

Treatment course (children) per SmPC":

A treatment period of 6 months is recommended after which
treatment effect should be evaluated. In children below the
age of two years, treatment should be evaluated after 12
weeks.

Additional tests or
investigations

A colonoscopy with removal of polyps should be performed at
the time of starting treatment with teduglutide. For the first 2
years of treatment, annual follow-up colonoscopies (or
alternative imaging) are recommended, and a minimum of
every 5 years after that. An individual assessment on whether
increased surveillance is necessary should be performed
based on the patient characteristics (e.g. age, underlying
disease). If a polyp is found, adherence to current polyp
follow-up guidelines is recommended.

Prior to initiating treatment with teduglutide, faecal occult
blood testing should be done for all children and adolescents.
Colonoscopy/sigmoidoscopy is required if there is evidence of
unexplained blood in the stool. Subsequent faecal occult
blood testing should be done annually in children and
adolescents while they are receiving teduglutide.

Colonoscopy/sigmoidoscopy is recommended for all children
and adolescents after one year of treatment, every 5 years
thereafter while on continuous treatment with teduglutide, and
if they have new or unexplained gastrointestinal bleeding .

List price and average
cost of a course of
treatment

The list price is £521.98 per vial containing 5 mg of
teduglutide and £260.99 per vial containing 1.25 mg of
teduglutide.

Average cost of a course of treatment is not possible to
define, as teduglutide is administered indefinitely, with
treatment recommended to be reviewed as described above.

Patient access scheme
(if applicable)

A simple patient access scheme (PAS) discount of . on the
list price has been agreed with the Patient Access Schemes
Liaison Unit (PASLU)

Abbreviations: GLP, glucagon-like peptide; SBS, short-bowel syndrome; SMC, Scottish
Medicines Consortium; SmPC, summary of product characteristics; PAS, patient access
scheme; PASLU, Patient Access Schemes Liaison Unit

Source: Teduglutide SmPC’
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B.1.3 Health condition and position of the technology in the
treatment pathway

Short bowel syndrome with type 3 intestinal failure (SBS-IF) is an ultra-rare, highly-
debilitating, life-threatening disease with significant costs to patient health and
wellbeing, to patients’ carers and loved ones, and to the National Health Service
(NHS). SBS-IF results from a loss of intestinal length (and therefore absorptive
capacity), usually as a result of massive surgical resection, and is characterised by
an inability to absorb sufficient nutrients, electrolytes and/or water from enteral
nutrition* 5. Patients will die without life-sustaining, parenteral support (PS); a
complex, sophisticated treatment that involves intravenous delivery of nutrients and
fluids administered for an average of 10—14 hours overnight for 2—7 nights a week®: .
Due to being ‘hooked up’ to an IV line overnight, PS can have a large disruptive
effect on patients’ sleep, relationships, work, and social lives; as well as the lives of
their families and/or caregivers® 7. One patient from the UK described how having to
receive PS makes them feel as though they have:

“become a prisoner in my own home’®.

Reducing dependence on PS as much as possible is a critical treatment goal for
patients.

B.1.3.1 Disease overview

Short bowel syndrome (SBS) is an ultra-rare gastrointestinal condition characterised
by a clinically significant reduction in intestinal absorptive capacity. This usually
results from surgical resection of large portions of the intestine, commonly due to
disease, trauma, complications of surgery, or congenital abnormalities* °. Typically,
patients with SBS will have <200 cm of small intestine remaining'®, whereas an
adult’s normal small intestine length is 300—800 cm. Loss of absorptive intestinal
surface area results in reduced absorption of nutrients, electrolytes and water'.
Symptoms of SBS therefore include diarrhoea, nutrient deficiencies, electrolyte
disturbances, dehydration, malnutrition, and weight loss?.

In some cases, the length of intestine remaining will mean that function is reduced
below the minimum necessary for the absorption of macronutrients and/or water and
electrolytes. This is known as intestinal failure, and intravenous supplementation of
fluids and/or nutrients (known as parenteral support, PS) will be required to maintain
health (and growth in children)®. Intestinal failure can be categorised into three types
based on the duration and severity of loss of function (Table 3).
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Table 3: Functional classification of intestinal failure

Type 1 Acute, short-term, and usually self-limiting condition, which is common in the
perioperative setting or in association with critical illness

Type 2 Prolonged acute condition, often in metabolically unstable patients, requiring
complex multi-disciplinary care and intravenous supplementation over periods
of weeks or months

Type 3 Chronic condition in metabolically stable patients who require intravenous
supplementation over months or years. This may be reversible or irreversible

Notes: ESPEN, The European Society for Clinical Nutrition and Metabolism; SBS with
type 3 intestinal failure is the indication for teduglutide

Source: ESPEN guidelines®

Following the initial intestinal resection resulting in intestinal failure, a process of
intestinal adaptation occurs. This is a natural process that leads to structural and
functional changes to the remaining intestine that increases the absorption of fluids
and nutrients. As a result of this process, some patients may be able to gain
independence from PS — this defines type 1 or type 2 intestinal failure (Figure 1).
Intestinal adaptation does not restore or increase the length of the intestine, but
instead improves the functionality of what remains. In adults, the majority of intestinal
adaptation occurs in the first two years following resection; in children, continued
recovery may occur with age's.

Figure 1 Need for PS following intestinal resection

No need for
PS

Temporary PS
— (short-term,

type 1 IF)
Resection of |
small intestine
Transient/
— unstable PS
(type 2 IF)
1
| In some cases Rare
hd
Consider
StaZIZTFS PSinadequate —— intestinal
(typ ) transplant

Abbreviations: ESPEN, The European Society for Clinical Nutrition and Metabolism; PS,
parenteral support; IF, intestinal failure

Notes: Intestinal failure can be classified as type 1, 2 or 3 (Table 3). This submission
focuses on patients with SBS-IF with stable PS needs (type 3)

Source: ESPEN guidelines®
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Our submission will focus on patients with SBS and type 3 intestinal failure, which
we will refer to as SBS-IF. Patients with SBS-IF require PS beyond the period of
intestinal adaptation, most often for the remainder of their life, and their PS needs
will stabilise over time. No therapeutic options currently available in England allow
patients with SBS-IF to alleviate the need for or gain independence from PS. SBS-IF
is ultra-rare: there are an estimated 350 patients in England™ ', in line with the
prevalence estimates of between 0.4 and 40 per million in Europe'®.

SBS-IF typically occurs when the initial resection of the small intestine is extensive,
and sometimes includes part or all of the colon. A wide range of underlying diseases
may result in SBS-IF (see Table 4): the patient population is highly heterogeneous,
and patients may have a range of different bowel anatomies, comorbidities, and
clinical requirements. Patient quality of life is similarly heterogenous due to the range

of potential causes of the disease and their clinical requirements'”.

Table 4: Underlying causes of SBS-IF

small or large intestine

Condition Description Adults (n=514) | Children (n=370)
Mesenteric Acute or chronic condition 35.8% -
ischaemia caused by poor blood supply to

the intestines
Crohn’s Long-term condition causing 29.0% -
disease inflammation of the lining of the

digestive tract
Radiation Irritation and inflammation of the | 9.7% -
enteritis intestines during or after

radiation therapy to the

abdomen, rectum, or pelvis
Surgical - 7.8% -
complications
Familial Rare, inherited condition that 4.1% -
polyposis causes polyps to form in the

colon and rectum. If untreated,

polyps are likely to become

cancerous
Volvulus Twisting of the colon, leadingto | 2.3% 22%

obstruction and possibly

resulting in ischemia and

gangrene
Necrotising Inflammation and death of - 30%
enterocolitis intestinal tissue, which can lead

to a perforation and allow

contents of the intestine to leak

into the abdomen
Gastroschisis | Birth defect where intestines are | - 19%
and atresia found outside of baby’s body
Intestinal Spectrum of birth defects that - 15%
atresia result in blockage of either the
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Condition Description Adults (n=514) | Children (n=370)
Extensive Extensive absence of ganglion 6.7%

intestinal cells in the nerve supply of the

aganglionosis | bowel

Trauma - - 1%

Others - - 11.5%

Abbreviations: SBS-IF, short bowel syndrome with type 3 intestinal failure

Source: Adult data adapted from ESPEN guidelines and Pironi 2006° '8; paediatric data
from Hollwarth 201719

SBS-IF represents a large burden on patients’ lives. Many patients will never eat or
drink again without suffering severe gastrointestinal distress?°. A major complication
and burden on quality of life is chronic diarrhoea?’, reported by approximately 70% of
adults with SBS-IF?2, which if not appropriately managed can lead to under-nutrition
and dehydration. As well as imposing health burden, diarrhoea affects quality of life;
clinicians state that patients can have up to 20 bouts of diarrhoea per day?3, and
patients report having to be constantly aware of the nearest toilet when out of their
house. Parents of children with SBS-IF similarly can feel unable to leave the house
due to the number of daily nappy and soiled clothing changes. Dehydration, weight
loss and abdominal cramping or pain are also very commonly reported (>40% of
patients)??. Commonly reported symptoms of SBS-IF are shown in Figure 2 (next
page). In addition to these, patients also experience a number of complications
related to the need for parenteral support (see next section B.1.3.2).

Data suggest a substantial mortality impact for SBS. Five-year survival for patients is
reported to be between 60-80%2*27. The higher figures tend to be reported in more
recent data, likely reflecting improved clinical management of the condition. It is
worth noting that it is not possible to distinguish SBS with type 3 intestinal failure
(which we are terming SBS-IF) from SBS with type 1 or 2 intestinal failure from these
data. Survival of patients with SBS and type 3 intestinal failure is likely to be lower,
reflecting the severity of the underlying condition. PS may also impact patient
survival; this is discussed more in B.1.3.2 below.
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Figure 2 Symptoms reported by adult patients with SBS-IF

Fatigue I 5 190

Diarrhea I 71 5%
Sleep issues I 55 3%
Dehydration I 56420

Vitamin deficiency I 51 9%
Weight loss I 50 5%
Abdominal cramping or pain GGG 41 4%
High stoma output I 11 4%
Bloating or gas I 30 2%
Heartbum S 33 1%
Vomiting M 0/ 30,
Pale, greasy stools M 17 7%
Swelling in arms or legs I 14 4%
Other I 6.1%

0.0% 100% 200% 30.0% 40.0% 50.0% 600% 700% 80.0%

Abbreviations: SBS-IF, short bowel syndrome with type 3 intestinal failure

Source: Survey of 181 adult patients (from France, Germany, Italy, UK, USA) with SBS-
IF22

B.1.3.2 Treatment burden

Patients with SBS-IF will die of dehydration or malnutrition without either nutritional
support or further treatment for their condition. In the UK, the maijority of patients with
SBS-IF will be reliant for the rest of their life on parenteral support (PS): intravenous
administration of nutrients and fluids®. PS is a highly sophisticated and complex
treatment that requires an exceptional degree of multidisciplinary collaboration and
expertise to ensure that patients’ nutritional and hydration needs are kept in
balance® 2°. While PS allows patients to meet their nutritional and hydration needs, it
is not curative and does not restore intestinal function.

After initiation and observation in hospital, patients usually transition to receiving PS
at home via an ambulatory pump connected to a central catheter, where they will
receive nutrients and fluids for typically 10—14 hours overnight?®. Patients usually
receive PS for 2—7 nights a week, with more severe cases of SBS-IF requiring more
nights on treatment. Because patients would not be able to survive without PS, they
and their families are typically immensely grateful for the treatment?®; however it is
also highly disruptive, associated with serious complications, and can seriously
impede patients’ ability to live a normal life.

PS is associated with significant serious and occasionally fatal complications; a
number of these are related to the use of a catheter to administer PS. These
complications include catheter-related bloodstream infections and sepsis, which may

Company evidence submission template for teduglutide for treating short bowel syndrome
[ID3937]

© Takeda UK Ltd. (2021). All rights reserved Page 13 of 166



result in prolonged antibiotic treatment, repeated hospitalisation, replacement of a
catheter device, and death if not sufficiently treated?®. Catheter-related infections are
rare (approximately 0.14-0.83 events per catheter-year?® 30), however this is
dependent on patient education with the device and high levels of hygiene and care
in catheter insertion and removal'® 20, Central venous catheter thrombosis is also
reported (incidence 0.01-0.03 events per catheter-year?®), which may cause chronic
pain and swelling, occlude catheter access points®!, and potentially be fatal.
Occluded points of catheter access (reported incidence 0.07 episodes per catheter-
year?%) can prevent patients from receiving life-sustaining PS; this places an
enormous burden of stress on patients, particularly when only one or two viable
access points remain. Patients in this situation find their lives dependent on a single
vein being able to withstand receiving large volumes of fluid.

PS is also associated with metabolic complications. Key among these are decreased
kidney function, which may progress to chronic kidney disease?? and intestinal
failure-associated liver disease, which may progress to advanced liver disease and,
in 5% to 15% of cases end-stage liver failure3335. Chronic kidney disease and liver
failure are both potentially fatal. Chronic kidney disease has been reported in up to
18% of patients after 5 years on PS*2. Depending on the diagnostic criteria used,
incidence of liver disease has been reported in up to 50% of patients with SBS-IF'®,
although improvements in the management of SBS-IF have resulted in reduced
incidence. Further complications include metabolic bone disease (which may in turn
result in a higher incidence of fragility fractures®®), iron deficiency3” and manganese
toxicity (where patients may present with Parkinson’s-like symptoms).

The above complications (particularly catheter-related infections, central venous
thrombosis and liver disease) are even more common in children with SBS-IF than
adults3® 3% 40 and clinical feedback suggest that they also result in longer hospital
stays than in adults. In addition, children receiving PS experience growth
retardation*', which can manifest as gaining excess weight without gaining height,
and gaining fat mass rather than lean mass#*?. Attainment of bone mass is also a
concern in children, who are at increased risk of developing metabolic bone
disease*3. Summarily, PS is not conducive to healthy physical growth in children.

There is some evidence that PS itself negatively impacts patient survival, in addition
to the negative impact of the underlying SBS-IF. In a cohort of 268 patients with SBS
(notably not all with type 3 intestinal failure), 105 deaths were observed over a 25-
year period, of which 13 (13%) were attributed to PS-related complications?*. A
similar figure was observed for a cohort of 472 patients with SBS (again, not all with
type 3 intestinal failure): 109 deaths over 5-years of follow up with 13 deaths (13%)
attributable to PS-related complications**. As patients with SBS-IF are dependent on
PS to survive (and until recently, no treatments existed to allow patients to gain
independence from PS), it is not currently possible to reach any conclusions about
survival for patients with SBS-IF on PS compared to off PS. In addition, with the
centralisation of SBS-IF care in centres of excellence, clinical feedback suggests
patients in the UK would be ‘very unlucky’ to die of PS-related complications.

Spending nights on PS puts a huge quality of life burden on patients with SBS-IF,
and on their caregivers. Patients’ livelihoods are severely curtailed®: each night spent
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on PS usually represents a full evening of social activity lost. This is not simply a
‘quiet night in’; patients from the UK describe the impact as follows:

“I'd become a prisoner in my own home™®
‘1PS] rules my life and | hate it”.4°

“I hate it [PS], absolutely hate it because I'm on three and a half litres, 12 hours,
every single day, just don't have a life.”*®

Similarly, patients are much less able to spend nights away from home owing to the
difficulty of transporting and cleaning PS equipment, therefore any travel and
holidays are challenging. Their lives quite literally revolve around their treatment.
Patients from the UK describe it similarly:

“I would just want to be able to go off to wherever for a week or whatever, and | can't
do that’®

“You've got to plan your whole life around it all the time™

The extent of medical equipment required to administer PS can be seen in the
patient photo below (Figure 3, next page).

Being connected to a pump overnight is also highly disruptive to sleep due to pump
noises, equipment alarms, a need to urinate frequently, and the discomfort of
sleeping (and physically rolling over) when connected to IV lines. A patient from the
UK described the impact of PS on sleep as:

“...I don’t sleep as well, um, one because | go to toilet a little bit more, um, from
weeing . . . Unfortunately my bag will leak during the night*®

As a result, fatigue is reported by up to 75% of patients with SBS-IF?2.
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Figure 3 Patient with home PS equipment

Patient’s intimate relationships can also be affected by having to be connected to an
IV line at night, and having a stoma bag that may leak®. This was described by
patients from the UK:

“l would not necessarily have sex if | was on my drip™®
“I think he felt like he couldn't touch me or anything’®

As a result of the drastic changes it makes to patients’ lives, PS is also associated
with psychological distress*® 50, Anxiety, depression, fear and negative body image
are ‘universal experiences’, and the loss of ability to eat is cited as a major
adjustment problem*®. This latter point was echoed by a patient from the UK:

“it's so hard when you want to eat but you can't eat and you see everybody else
eating ... it just ... your blood just boils®

For children, in addition to the burden already described, PS has been associated
with psychological distress and lower social competence compared to population
norms. Children receiving PS have been found to be often distressed at being left
alone, with parents describing them as anxious, shy, and sensitive®'. Loneliness,
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social isolation and depression are common amongst children and their families®2.
PS has been observed to be associated with behavioural and attention issues in

children, which further impacts their development through negative effects at school
53

Measuring the quality of life of patients with SBS-IF receiving PS is difficult>, even
with the development of disease-specific instruments in recent years®>-%’. This is due
in part to the heterogeneity of the patient population. By way of example, patients for
whom SBS resulted from an underlying chronic disease (e.g. Crohn’s disease) are
likely to experience starting PS as a positive given the increased control they gain
over their disease. Patients for whom SBS resulted from an acute event (e.g.
mesenteric ischaemia) are likely to view starting PS very negatively by comparison
with the life they led before'”. The small patient population further complicates quality
of life measurements®®. Assessing quality of life in children has additional well
documented challenges: children may not interpret quality of life questions as
intended, and may find completing questionnaires burdensome®®. Also, children who
have had chronic diseases since birth are unlikely to have experienced what their
quality of life could be, as their disease is all they have ever known.

SBS-IF and PS requirements are not only a burden to the patient themselves but
also to their family and caregivers. Both adults and children with SBS-IF will
commonly need an informal caregiver for help with general household chores,

shopping, transport to medical appointments, administering PS, and emotional

. Caregivers of patients with SBS-IF often
suffer a lack of social activities, difficulties with relationships, lost income and
employment difficulties and, in some cases, depression®°. A survey of 122 caregivers
for patients with SBS-IF found that 30% of caregivers report difficulties spending time
with family and friends. Caring for a patient on PS affects a caregiver’s ability to work
full-time, which has an associated financial burden®’; the same caregiver survey
found caregivers report missing on average 40% of work hours in a given week (or

90 days in a 45-week working year)®°. A caregiver from the UK described how:

“I don’t work anymore. I'm fulltime carer for her now . . . [resulting in] mortgage
arrears . . . that is another massive stress™®

For parents, caring for a child who is receiving PS affects their family and social
lives: they report feelings of frustration, annoyance, and stress, as well as problems
sleeping®. It can also restrict the family’s’ ability to travel and go on holiday“®.
Moreover, the emotional and financial burden of SBS-IF can damage relationships
between parents and children with SBS-IF, and result in parents feeling resentment
towards their child®".

B.1.3.3 Treatment goals

Reducing the quality of life burden of PS and minimising associated complications
are key treatment goals for both adults and children®.

A key way to reduce the quality of life burden of PS is to reduce the number of days
per week for which a patient has to receive it. For patients, reducing the number of
days per week is one the most common asks they have of their treatment.
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Unanimously, when three world-renowned experts in the management of SBS-IF
were asked, they all stated that a single additional day off PS per week was, in their
experience, a meaningful outcome for patients®?.

Using a quality of life instrument designed specifically to capture the effect of PS on
everyday life (the PNIQ instrument)®’, reduction in days per week of PS was found to
be statistically significantly correlated with improvement in quality of life among
patients with type 3 intestinal failure®3. Similarly, a reduction of a single day of PS per
week was associated with a statistically significant improvement in SBS-IF patients’
quality of life in two vignette studies® 5.

Patients from the UK similarly describe how:

“If I didn’t have to be on it 7 nights a week . . . [it would] just allow me, | suppose to
feel normal™4®

“I try and get out of it ...every time | go [to clinic], | say, can | have a night off?” 4

This treatment goal is echoed by the teduglutide European Public Assessment
Report (EPAR), which states:

“One or more days without having to be chained to an i.v. line constitutes a real
benefit for the patient.”s®

For children, weaning off PS as quickly as possible and increasing enteral and/or
oral nutrition is important to minimise the effect of SBS-IF on growth, both physical
and psychological. Increased enteral nutrition in children also improves the process
of intestinal adaptation and helps prevent liver disease, underlining the importance of
being able to reduce PS and encourage this positive feedback loop®7: 8.

B.1.3.4 Treatment pathway and proposed position of teduglutide

Current pharmacological options for SBS-IF only provide symptomatic relief and do
not address the underlying condition®?; patients dependent on life-sustaining PS
therefore currently have no way of reducing or eliminating their PS dependence.
There is a need for an effective pharmacological treatment that improves the
absorptive capacity of the remaining intestine, in order to restore intestinal function,
mitigate the symptoms of SBS-IF, and reduce dependence on PS°,

Teduglutide is the first (and currently only) licensed pharmacological therapy that has
demonstrated an ability to improve the absorptive capacity of the intestine,
enhancing intestinal adaptation, increasing nutrient absorption and enabling patients
to reduce their reliance on PS. Teduglutide has been granted EMA marketing
authorisation for the treatment of patients aged 1 year or above with SBS, who are
stable following a period of intestinal adaptation after surgery”.

As per the licensed indication’, the suggested place in therapy for teduglutide is for
patients aged 1 year and above with SBS-IF who are stable following a period of
intestinal adaptation after surgery (Figure 4). Furthermore, treatment should be
initiated under the supervision of a medical professional with experience in the
treatment of SBS. PS optimisation (typically to obtain a target urine output of 1.0 to
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2.0 L/day) and stabilisation (typically represented by consistent PS requirements for
=1 year) should be performed before treatment initiation. Teduglutide should be
administered in conjunction with PS and symptom relieving medications (anti-
secretory, anti-motility and antibiotic agents) but with the aim of eventually reducing
dependence on PS —i.e. by reducing volume and thereby frequency and, if possible,
achieving enteral autonomy’.

Figure 4 Treatment pathway and positioning of teduglutide for adults and
children with SBS-IF

Origin
""""""""""""""""""""""""""""""""""""""""""""" T
Evaluation and Acute phase
diagnosis (3—4 weeks)
Adaptation phase (up
to 2 years in adults;
longer in children)
Confirmed SBS-IF . Continued
stable on PS | treatment with
______________________________________________________________________________________ U, | PS,withbest |
| supportive care |
Treatment

| (anti-secretory, |
| anti-motility and |
| antibiotic agents |

as necessary) !

Decision
point

Surgical procedures
(not appropriate
comparator)

Teduglutide

Continue on PS 0.05 mg/kg/day +- PS

Consider feasibility of
intestinal transplant if |«
unstable disease

Abbreviations: ESPEN, The European Society for Clinical Nutrition and Metabolism; PS,
parenteral support; SBS-IF, short bowel syndrome with type 3 intestinal failure

Notes: Rationale for not considering surgical procedures as an appropriate comparator is
discussed in the paragraph below this figure

Source: ESPEN guidelines®

As shown in Figure 4, surgical procedures are an option following confirmed
diagnosis of SBS-IF. These include the Bianchi procedure, serial transverse
enteroplasty and spiral intestinal lengthening and tailoring — all are performed with
the aim of lengthening the remaining bowel and/or increasing transit time. The
European Society for Clinical Nutrition and Metabolism (ESPEN) guidelines
recommend these procedures only in ‘selected’ patients®, however due to the risk of
anastomotic breakdown, stricture and vascular injury associated with these
procedures, they are rarely performed in practice®. Intestinal transplant is only
recommended in patients who cannot be managed with standard care, and those at
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high risk of death due to the underlying disease. This is because intestinal transplant
has been observed to reduce patient survival?4 33 71,

B.1.4 Equality considerations
None identified.

B.2 Clinical effectiveness

B.2.1 Identification and selection of relevant studies

Several systematic literature reviews (SLRs) were performed to identify relevant
clinical studies. These were performed in line with NICE guidance in the methods of
technology appraisal, using a pre-prepared search strategy and multiple reviewers
assessing results. For the present submission a clinical SLR, covering clinical trial
data and real-world evidence for adults and children treated with teduglutide for short
bowel syndrome with type 3 intestinal failure (SBS-IF) was performed on 215t May
2021.

See Appendix D for full details of the process and methods used to identify and
select the clinical evidence relevant to the technology being appraised.

B.2.2 List of relevant clinical effectiveness evidence

B.2.2.1 Overview of the clinical effectiveness evidence

A large body of evidence exists to support the effectiveness of teduglutide. This
includes a number of interventional clinical trials, open-label extensions to these
trials, and a body of non-interventional real-world evidence (the latter is extensive as
marketing authorisation for teduglutide was first granted in 2012). There is also data
from the Australian Takeda Patient Support Programme (PSP), which has collected
real-world data on teduglutide following marketing authorisation and reimbursement
in Australia.

All the studies identified by the clinical systematic literature reviews (SLRs), both

clinical trials and real-world evidence, are presented in Table 5,

Company evidence submission template for teduglutide for treating short bowel syndrome
[ID3937]

© Takeda UK Ltd. (2021). All rights reserved Page 20 of 166



Table 6 and
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Table 7:

e Table 5 lists sources of data that we use in our economic model; methodology
and results of these studies are discussed in detail in this dossier
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e Table 6 lists clinical trials identified by our SLRs that are not used in our
economic model
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e Table 7 lists real-world evidence identified by our SLRs (which we have not
included in our economic model)
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B.2.2.2 Tabulated summary of clinical evidence
Table 5: Clinical evidence used in our economic model

Name Other identifiers | Design Population Intervention Comparator Relevant
outcomes
STEPS™? CL0600-020; Phase 3, multi- Adults (=218 years | Teduglutide 0.05 | Placebo (n=43) | Days per week
NCT00798967 national, old) with SBS-IF | mg/kg/day of PS
randomised, double- | who were (n=43) Volume of PS
blind, placebo- receiving PS for Safety
controlled, 24-week | 23 days per week
study
STEPS-273 | CL0600-021; Two-year, open- Adults (=218 years | Teduglutide 0.05 | None Days per week
NCT00930644 label, multi-national, | old) with SBS-IF | mg/kg/day of PS
extension study for screened or (n=88) Volume of PS
patients screened or | treated in STEPS Safety
treated in STEPS
PSP data | REVESTIVE A non-interventional | Real-world Teduglutide 0.05 | None Days per week
atHOME Patient Support patients receiving | mg/kg/day of PS
Programme in teduglutide in H Volume of PS
Australia Australia
Abbreviations: SBS-IF, short bowel syndrome with type 3 intestinal failure; PS, parenteral support; PSP, patient support programme
Notes: The PSP data are unpublished and were therefore not identified in our clinical SLR
Source: STEPS"?; STEPS-273; Teduglutide SMPC'; Revestive atHOME PSP Blueprint
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Table 6 shows clinical studies identified by our SLRs that were not used in our economic model, and gives the rationale for their
exclusion.
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Table 6: Clinical study evidence not used in our economic model

week study

mg/kg/day (n=26)

Study name Other Study design Population Intervention Comparator | Rationale for
identifiers exclusion
STEPS-37° TED-C11-001; | Up to one year, open- | Adults (=18 Teduglutide 0.05 | None STEPS-3 is analysed
NCT01560403 | label extension study | years old) with | mg/kg/day (n=12) in three cohorts (see
for patients in STEPS- | SBS-IF who section B.2.6.2.2), and
2 at 5 US sites completed the cohort of relevance
STEPS-2 for the model only has
5 patients. This is too
few patients to
meaningfully base the
model on post-STEPS-
2
00476 CL0600-004; Phase 3, multi- Adults (=218 Teduglutide 0.05 | Placebo
NCT00081458 | national, randomised, | years old) with | mg/kg/day (n=35) | (n=16) 004 and 005 have
double-blind, placebo- | SBS-IF who Teduglutide 0.10 weak external validity
controlled, 24-week were receiving | mg/kg/day (n=32) owing to the unduly
study PS for 23 days restrictive PS weaning
per week algorithm used. This
00577 CL0600-005; 28-week, open-label, Adults (=218 Teduglutide 0.05 None algorithm is far
NCT00172185 | multi-national, years old) with | mg/kg/day (n=31) removed from the more
extension study for SBS-IF treated | Teduglutide 0.10 liberal PS weaning
patients treated with in 004 mg/kg/day (n=34) used in current clinical
teduglutide or placebo practice.
in 004
SHP633-30178 NCT03571516 | Phase 3, multi- Infants (aged 4 | Teduglutide 0.05 | Standard Children < 1 year old
national, open-label, to 12 months) | mg/kg/day (n=5) care (PS; are outside the scope
randomised, 24-week | with SBS with n=5) of the present
study 1 month of marketing authorisation
stable PS and decision problem
C147° TED-C14-006; | Phase 3, multi- Children (aged | Teduglutide 0.025 | Standard C14 and C13 included
NCT02682381 | national, open label, 1to 17 years mg/kg/day (n=24) | care (PS; a small number of
non-randomised, 24- old) with 212 Teduglutide 0.05 | n=9) patients receiving the

licensed dose of

Company evidence submission template for teduglutide for treating short bowel syndrome [ID3937]
© Takeda UK Ltd. (2021). All rights reserved

Page 27 of 166




month history
of SBS

teduglutide; SHP633-
304 and -303 allowed
non-continuous
treatment with

SHP633-304%° NCT02954458 | Open-label, multi- Patients with Teduglutide 0.05 | None teduglutide*. Given the
national, Iong;iterm SBS \;vhod mg/kg/day (n=61) adult data d6 not have
extension study to complete ;

C14 and SHP633-301 | C14 or tcr;]?lsé?;s:reesl,ig}e to
SH_P633'301 _ derive even more
Cc13® TED-C13-003; | Phase 3, open label, Children (aged | Teduglutide Standard benefit from
NCT01952080 | non-randomised, 12- 1to 17 years 0.0125 mg/kg/day | care (PS; teduglutide than adults
week study in the UK | old) with 212 (n=8) n=>5) (discussed further in
and US month history | Teduglutide 0.025 B.2.12), we believe it is
of SBS mg/kg/day (n=14) justified’ to model
Teduglutide 0.05 paediatric patients with
: : mg/kg/day (n=15) adult data (modelling

SHP633-3038% NCT02949362 | Open-label, long-term | Patients with Teduglutide 0.05 | None approach described
extension study to SBS who mg/kg/day (n=29) more in B.3.2.1)
C13 completed

C13

SHP633-302%3 NCT02980666 | Phase 3, open-label, Japanese Teduglutide 0.05 | None
non-randomised, 24- children (4 mg/kg/day (n=10)
week study months to 15

years old) with
SBS-IF Japanese population

TED-C14-004% NCT02340819 | Open-label, 24-week | Adult Teduglutide 0.05 | None geelri‘l?glffg the UK
study with a long-term | Japanese mg/kg/day (n=11) PP
extension patients with

SBS-IF

REVE study?®® NCT03562130 | Single French centre, | Children with Teduglutide 0.05 | None 11 of 17 patients in the
open-label, 48-week SBS and =2 mg/kg/day (n=17) REVE study did not
study years on PS have SBS with type 3

IF, so are outside the
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scope of the marketing
authorisation and
present decision
problem

lturrino et al.
20168

NCT02099084

Randomised, double-
blind, placebo-
controlled, crossover
pilot study in a single
US centre involving 7
days of treatment,
followed by >7 days
washout

Adults with
SBS who were
dependent on
PS

Teduglutide 0.05
mg/kg/day (n=8)

Placebo

lturrino et al. reported
the effects of
teduglutide on gut
transit, intestinal
absorption, gut
permeability to
mannitol/lactulose,
stool weight and urine
volume. These are not
outcomes relevant to
this submission

SMPC'

Abbreviations: SBS, short bowel syndrome; SBS-IF, short bowel syndrome with type 3 intestinal failure; PS, parenteral support; US, United
States; UK, United Kingdom

Notes: *At the beginning of each 28 week cycle, patients and investigators (in SHP633-303 and -304) could opt for 24 weeks of teduglutide
treatment followed by 4 weeks of no treatment, or for 28 weeks of no treatment

Source: C147%; SHP-633-30480; C138'; SHP-633-30382; SHP633-30178; TED-C14-00434;, REVE study?S; lturrino et al. 20168¢; Teduglutide

The clinical development programme for teduglutide has featured two phase 3 randomised controlled trials (STEPS and 004) and
subsequent extension studies to these (STEPS-2/STEPS-3 and 005, respectively). Chronologically, 004 was the first study initiated
but it used an unduly restrictive parenteral support (PS) weaning algorithm where PS volumes could only be reduced by a
maximum of 10% of baseline volumes at each visit. This limits the external validity of results from 004 (and 005 which applied the
same algorithm). In follow-up STEPS was initiated as a randomised controlled trial with a very similar design to 004, however in
STEPS PS volumes could be reduced by a maximum of 30% of baseline volume at each visit (see section B.2.6.1.3 for more
discussion on the weaning algorithms used in 004 and STEPS and their effect on study results).
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Of note, the PS weaning algorithm used in STEPS (and its extension studies STEPS-2 and STEPS-3) is still more conservative
than would be used in clinical practice — real world evidence indicates that PS volume reductions are often attempted earlier, more
frequently and reach a larger magnitude than was seen in the STEPS program of studies (see B.2.6.4 and B.2.8)%"- 88,

While we have not included the studies listed in
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Table 6 in our economic model, we will present evidence in this dossier from some of them:

e We will present efficacy data from STEPS-3, which demonstrates that teduglutide has continued clinical benefit beyond 24
months of treatment

e We will present efficacy data from 004. While the unduly restrictive PS weaning algorithm used in 004 means that the trial
has limited applicability to real-world practice, 004 is a randomised controlled trial that provides high quality evidence for the
superiority of teduglutide over placebo. We will also present safety data from 004 (and extension 005), pooled with safety
data from STEPS and STEPS-2

e We will present efficacy data from the C14 and C13 clinical trials in children to demonstrate that results with teduglutide in
children are comparable, if not better than, results in adults

e We will also present pooled safety data from C13, C14, SHP633-303 and SHP633-304 to demonstrate that no new safety
signals were identified in children
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Table 7 lists published non-interventional real-world evidence studies identified by our SLRs. These studies are not included in our
economic model as we were not able to access robust patient-level data. We will present select effectiveness and safety results
from the studies in this list that have been published as full manuscripts (rather than presented as abstracts/posters at conferences
only), as more and better quality data are available in manuscripts. We will use these data to make the case that in the real-world,
results with teduglutide are generally equal to or better than those seen in the STEPS programme (see B.2.6.4.1. and B.2.8).
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Table 7: Real-world studies identified by clinical and real-world evidence SLRs

Study name Location Data collection dates | Population* Number of | Discussed in further detail in
(index to cut-off) patients section B.2.6.4.1?
receiving
teduglutide
Abdulla 2019 USA, single centre Jan 2010 — May 2018 | Patients with SBS-IF 17 No — abstract only
Allard 2021a Multi-country (North | Jun 2014 — Jun 2020 Patients of any age 328 (and No — abstracts only. While this
and Allard America and with SBS-IF 675 patients | registry contains a large number
2021b Northern/Western with SBS-IF | of patients, the complexity of the
Europe) who never | data collection requirements and
received narrow timepoints of assessment
teduglutide) | (which do not align with
variability in real-world clinical
visitation schedules) result in
huge drop-off rates (<25% of
patients report data at each time
point) which imposes significant
bias. Our ability to interpret these
data is therefore heavily limited
Averianova Russia, single centre | NR Children with SBS* 5 No — abstract only
2019
Chen 2019 USA, single centre Q12013 - Q2 2017 Adults with SBS-IF 23 No — abstract only
Chiplunker 2020 | USA, single centre NR Patients with SBS* 9 No — abstract only
from Crohn’s disease
Corey 2021 USA, multi-centre Jan 2018 — Dec 2019 Patients who 230 No — abstract only
(number of centres discontinued
not reported) teduglutide
Cruz 2020 USA, single centre Jan 2013 — Dec 2018 | Adults with ultra-SBST | 9 No — while published as a full

manuscript, ultra SBS is a
subgroup of the population of
interest
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Gondolesi 2020 | Argentina, multi- Mar 2006 — Aug 2018 | Adults with SBS-IF 8 No — while published as a full
centre (number of who had undergone manuscript, teduglutide post-
centres not reported) ARGIS (surgery) ARGIS is a subgroup of the

population of interest

He 2019 Australia, single NR Adults with SBS-IF 5 No — abstract only
centre

Joly 2020 (also | France, multi-centre | Oct 2015 — Sep 2017 Patients with SBS-IF 54 Yes

Joly 2017) (15 centres)

Kochar 2017 USA, multi-centre (3 | 2007 — 2014 Patients with SBS* 13 No — while published as a full

(also Kochar centres) from Crohn's disease manuscript, SBS from Crohn’s

2016 abstract) disease is a subgroup of the

population of interest

Kurin 2020 USA, single centre NR Patients with SBS-IF 7 No — while published as a full

from IBD manuscript, SBS from IBD is a
subgroup of the population of
interest

Lam 2018 USA, single centre 2009 - 2015 Adults with SBS-IF 18 Yes

Martin 2021 France, single centre | 2009 — Dec 2019 Patients with SBS-IF 31 Yes

(also Martin

2020)

Martinez 2019 Argentina, single NR Children with SBS* 4 No — abstract only
centre

Micic 2016 USA, single centre NR Patients with IF* 8 No — abstract only

Pevny 2019b Germany, single Sep 2014 — May 2017 | Patients with SBS-IF 19 Yes
centre

Pevny 2020 Germany, multi- NR Patients with SBS-IF 52 No — abstract only

(also Pevny centre (6 centres)

2019a)

Puello 2020 USA, single centre Mar 2013 — May 2019 | Adults with SBS-IF 18 Yes

Ramos Boluda | Spain, multi-centre Feb 2017 — Jun 2019 Children with SBS-IF 17 Yes — although not presented

2020

(8 centres)

in our summary of real-world
evidence (section B.2.6.4.1)
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but presented alongside data
from children (section B.2.6.5)

Regano 2019 Italy, single centre NR Patients with SBS-IF 3 No — abstract only

Schoeler 2018 | Germany, single From Nov 2014 Adults with SBS* 14 Yes
centre

Singh 2019 USA, single centre Jan 2013 — Oct 2018 Patients with SBS* 17 No — abstract only

Solar 2020a Argentina, multi- Jun 2014 — Mar 2020 Patients with SBS-IF 17 No — while published as a full
centre (number of who had undergone manuscript, teduglutide post-
centres not reported) ARGIS (surgery) ARGIS is a subgroup of the

population of interest

Solar 2020b Argentina, multi- 2017 — 2020 Patients with SBS* 9 No — abstract only
centre (12 centres)

Tamara 2020 Spain, single centre | Jan 2018 — Mar 2020 Adults with SBS* 4 Yes

Ukleja 2018 USA, single centre Apr 2013 — Jun 2016 Adults with SBS* 6 Yes

Abbreviations: ARGIS, autologous gastrointestinal reconstructive surgery; NR, not reported; IBD, inflammatory bowel disease; SBS, short
bowel syndrome; SBS-IF, short bowel syndrome with type 3 intestinal failure; SLR, systematic literature review

Notes: *In the literature, the terms SBS-IF, SBS and IF are used interchangeably, but in this instance all refer to SBS with type 3 IF (the
population of interest in this dossier); TUltra-SBS is defined as having <50 cm of small intestine remaining (SBS is usually defined as <200 cm
small intestine remaining)

Source: Clinical SLR (Appendix D)
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B.2.3 Summary of the methodology of the relevant clinical
effectiveness evidence

B.2.3.1 Methodology of the randomised trials comparing teduglutide and
placebo in adults

The two randomised controlled trials comparing teduglutide and placebo (STEPS
and 004) were very similar in their overall design, with the principle differences being
the investigation of two teduglutide doses in 004 (0.05 mg/kg/day and 0.10
mg/kg/day) versus only the licensed dose (0.05 mg/kg/day) in STEPS, and an unduly
restrictive parenteral support (PS) weaning algorithm used in 004 compared to
STEPS (the PS weaning algorithm used in STEPS still being more conservative than
applied in real-world clinical practice). STEPS was initiated after 004 in part to
investigate the efficacy of teduglutide with a more clinically relevant PS weaning
algorithm. An overview of the two study’s designs can be seen in Figure 5 a more
detailed summary of their methodology is provided in Table 8.

Figure 5 Overview of randomised controlled trial designs: A) STEPS and B)
004

A
=43
— Teduglutide 0.05 mg/kg/day
Screenin PS — Ps
8 optimisation stabilisation a3
| 1 1 1 | | i
I 1-7 days I 0-8weeks 1 | 4-8 weeks 1 : > E I
weeks
B

n=35
Teduglutide 0.05 mg/kg/day
Screening — PS PS 2 Teduglutide 0.10 mg/kg/day
optimisation stabilisation

n=16
| ] l 1| 1
I 1-7 days L I 0-8weeks ! | 4-8 weeks ! I

24 weeks

Abbreviations: PS, parenteral support
Notes: Teduglutide was administered subcutaneously into abdomen, thigh, or arm

Source: STEPS primary publication”?; STEPS CSR?®; 004 primary publication’®; 004
CSR®
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Table 8: Summary of the methodology of randomised controlled trials STEPS and 004

Trial name

STEPS (NCT00798967)
Initiated November 2008

004 (NCT00081458)
Initiated May 2004

Study rationale

Investigate the efficacy (in terms of PS reduction),
safety and tolerability of teduglutide in adults with
SBS-IF

Investigate the efficacy (in terms of PS reduction),
safety and tolerability of teduglutide in adults with
SBS-IF

Trial design summary

STEPS was a multi-national, phase 3,
randomised, double-blind, parallel group, placebo-
controlled 24-week trial.

004 was a multi-national, phase 3, randomised,
double-blind, parallel group, placebo-controlled
24-weekK trial

PS optimisation and
stabilisation period (Stage 1)

After screening, patients underwent PS
optimisation (for 0—8 weeks, to achieve target
urine output of 1.0-2.0 L/day) and PS stabilisation
(for 4—8 weeks: PS use to match prescribed use;
and oral fluid intake and urine output were not to
deviate >25% from target)

After screening, patients underwent PS
optimisation (for 0—8 weeks, to achieve target
urine output of 1.0-2.0 L/day) and PS stabilisation
(maintain urine output of 1.0-2.0 L/day for 4-8
weeks)

Randomisation and treatment
period (Stage 2)

Patients were randomised (1:1) by computer-
generated interactive response system to
teduglutide or placebo for 24 weeks

Randomisation was stratified by baseline PS
volume (more or less than 6 L/week)

Patients and investigators were blinded to
treatment received

Patients were randomised (2:2:1) by computer-
generated interactive response system to
teduglutide 0.05 mg/kg/day, teduglutide 0.10
mg/kg/day or placebo for 24 weeks

Randomisation was stratified by baseline PS use
(IV fluids and electrolytes only; nutrients and fluids
3-5 times weekly; and nutrients and fluid 6—7
times weekly)

Patients and investigators were blinded to
treatment received

Weaning protocol used during
Stage 2

Condition: if urine volumes during the preceding
48 hours were 210% above baseline

Condition: if urine volumes during the preceding
48 hours were 210% above baseline
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Trial name

STEPS (NCT00798967)
Initiated November 2008

004 (NCT00081458)
Initiated May 2004

Magnitude: PS volume could be reduced by
between 10-30% of baseline PS volume at each
timepoint

Timepoints at which reduction could be made:
study visits on weeks 2, 4, 8, 12, 16, 20 and 24

Magnitude: PS volume could be reduced by up to
10% of baseline PS volume at each timepoint

Timepoints at which reduction could be made:
study visits on weeks 4, 8, 12, 16, 20 and 24 (and
reduced on no more than 5 of these 6 timepoints)

If, in addition, urine volume was over 2.0 L/day,
PN volume could be reduced by 210% of baseline
PS volume (as clinically appropriate).

Eligibility criteria for
participants

» Aged 218

» SBS resulting from intestinal failure caused by a
major intestinal resection

* Receiving PS continuously for 212 months

* Receiving PS for 23 days per week in 2 weeks
prior to baseline

* BMI 215 kg/m?

* Naive to teduglutide

* No use of native GLP-2 or human growth
hormone within last 6 months

* No more than 4 hospital admissions related to
SBS within last 12 months

* No hospital admission 30 days before screening
* Patients with Crohn’s disease must have been in
clinical remission for 212 weeks

* No history of cancer within last 5 years

* For patients with inflammatory bowel disease, no
change in immunomodulator therapy within last 3
months and no biologic therapy in last 6 months

» Aged 218

* SBS resulting from intestinal failure caused by a
major intestinal resection

* Receiving PS continuously for 212 months

* Receiving PS for 23 days per week in 2 weeks
prior to baseline

* BMI between 18 and 27 kg/m2

* Naive to teduglutide

* No use of native GLP-2 or growth
hormones/factors within last 12 weeks

* No hospital admission one month before
screening

* No patients with active Crohn’s disease

* No use of systemic corticosteroids, methotrexate,
cyclosporine, tacrolimus, sirolimus, octreotide,
intravenous glutamine or any investigational drug
within last 30 days

» Use of antimaotility, anti-diarrhoeal, H2 receptor
antagonists, proton pump inhibitors, bile
sequestering agents, oral glutamine, diuretics and
oral rehydration solutions were required to be

Company evidence submission template for teduglutide for treating short bowel syndrome [ID3937]

© Takeda UK Ltd. (2021). All rights reserved

Page 38 of 166




Trial name

STEPS (NCT00798967)
Initiated November 2008

004 (NCT00081458)
Initiated May 2004

stable for 24 weeks prior to baseline evaluations
and remain stable during the study

Settings and locations where
the data were collected

27 sites: Canada 4, Denmark 1, France 2,
Germany 2, Italy 3, Netherlands 1, Poland 4,
Spain 2, UK 2, and USA 6

32 sites: Belgium 1, Canada 4, Denmark 1,
Germany 3, France 3, Netherlands 1, Poland 3,
UK 1 and USA 15

Trial treatment

* Teduglutide subcutaneous 0.05 mg/kg/day
(n=43) for 24 weeks

* Placebo (n=43) for 24 weeks

* Teduglutide subcutaneous 0.05 mg/kg/day
(n=35) for 24 weeks

* Teduglutide subcutaneous 0.10 mg/kg/day
(n=32) for 24 weeks

* Placebo (n=16) for 24 weeks

Permitted and disallowed
concomitant medication

No specific concomitant medications were
administered. Administration of any concomitant
medication was captured in the electronic case
report form

Only for reasons of medical necessity could
concomitant medications be initiated after
screening. Concomitant medications used prior to
screening could be continued

No specific concomitant medications were
administered. Administration of any concomitant
medication was captured in the electronic case
report form

Medications commonly used to treat SBS must
have been used at a stable dose for at least 4
weeks prior to baseline

Only for reasons of medical necessity could
concomitant medications be initiated after
screening. Concomitant medications used prior to
screening could be continued

Primary endpoint (including
scoring methods and timings of
assessments)

* % of patients who demonstrated a response
(220% reduction in weekly PS volume) at week 20
and maintained to week 24

‘PS volume’ at a given timepoint was defined as
the mean volume from the previous 14 days

» Graded response score (a combination measure
of magnitude of response and duration at weeks
16—24), described in more detail in section
B.2.6.1.2

‘PS volume’ at a given timepoint was defined as
the mean volume from the previous 14 days
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Trial name

STEPS (NCT00798967)
Initiated November 2008

004 (NCT00081458)
Initiated May 2004

Other endpoints measured in
the study and used in the
economic model/specified in the
scope

» Change in days per week of PS from baseline
* Change in volume of PS from baseline

» Safety

» Change in days per week of PS from baseline
» Change in volume of PS from baseline

» Safety

Pre-planned subgroups

Results were analysed by:

» Country

» Gender

» Age category (<45, 4564, >64 years)
* Colon-in-continuity (yes/no)

* Presence of ileocaecal valve (yes/no)
* Presence of stoma (yes/no)

* Race

* Randomisation stratification variable: <6 L/week,
>6 L/week

Results were analysed by:

* Parenteral fluid volume use in three categories:
PS consisting of 1V fluid and electrolytes only (3 to
7 times per week), PS (3 to 5 times per week), PS
(6 to 7 times per week),

+ Colon in continuity (yes/no)
* Presence of ileocecal valve (yes/no)

* Percent colon (summarized by quartiles)

intestinal failure

Abbreviations: CSR, clinical study report; GLP, glucagon-like peptide; PS, parenteral support; SBS-IF, short bowel syndrome with type 3

Source: STEPS primary publication’?; STEPS CSR®; 004 primary publication’®; 004 CSR*
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B.2.3.2 Methodology of STEPS extension studies investigating the longer-term
efficacy and safety of teduglutide in adults

Two extension studies to the original STEPS trial were performed; STEPS-2 and
STEPS-3. An overview is shown in Figure 6.

Figure 6 Overview of STEPS clinical programme

STEPS STEPS-2 STEPS-3
Randomised, double-blind Open-label extension, no control Open-label extension, no control
27 global sites 25 global sites 5 US sites
24 weeks 24 months Up to 12 months

Baseline

Teduglutide 0.05 mgfkg/day Teduglutide 0.05 mg/kg/day Teduglutide 0.05 mg/kg/day

TED-TED TED-TED

(=23 (n=37) (n=5)

Baseline

Placebo Teduglutide 0.05 mg/kg/day Teduglutide 0.05 mg/kg/day
(n=43) PBO-TED PBO-TED
(n=39) (n=6)

Baseline

Screened but not treated
in STEPS* — —_—
Direct enrollment in STEPS-2

Abbreviations: NT-TED, not treated in STEPS and treated with teduglutide in STEPS-2;
PBO-TED, treated with placebo in STEPS and treated with teduglutide in STEPS-2; TED-
TED, treated with teduglutide in STEPS and STEPS-2

Notes: *Patients who completed fluid optimisation and stabilisation but were not
randomised in STEPS because of full study enrolment were eligible for direct enrolment
into STEPS-2

Source: STEPS primary publication”?; STEPS-2 primary publication”®; STEPS-3 primary
publication

Both STEPS-2 and STEPS-3 were open label extension studies, with the primary
aim being to investigate the long-term safety and efficacy of teduglutide 0.05
mg/kg/day. STEPS-2 allowed for up to 24 months further treatment with teduglutide
beyond STEPS, STEPS-3 for up to 12 months beyond STEPS-2. Due to the STEPS-
3 study being open for a year (rather than allowing a year of additional treatment),
the amount of follow-up per patient was variable and very few patients completed a
full additional 12 months of treatment in STEPS-3.

To enrol in STEPS-2, patients had to have completed STEPS (receiving teduglutide
or placebo) or completed screening in STEPS but without being enrolled due to full
study enrolment. To enrol in STEPS-3, patients had to have completed STEPS-2.

PS weaning in STEPS-2 and STEPS-3 followed the same algorithm used in STEPS
in terms of the maximum PS reductions that could be made (10%—-30% of baseline
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PS volume at each timepoint, see Table 8 in section B.2.3.1 for more details),
however as study visits were less regular, PS reductions could be made less
frequently during the follow-up studies. In STEPS, PS reductions could be made
every 2—4 weeks, whereas in STEPS-2, PS reductions could only be made at week
2, month 1, month 2, month 3 and every 3 months thereafter. Reductions in STEPS-
3 could be made every 3 months.

Endpoints of relevance in these studies were change in days per week of PS from
baseline, change in PS volume from baseline and safety. Endpoints were assessed
at the same timepoints as PS reductions could be made (week 2, month 1, month 2,
month 3 and every 3 months thereafter in STEPS-2; every 3 months in STEPS-3).
Baseline in STEPS-2 and STEPS-3 was defined as the initiation of teduglutide
treatment equating to entry to STEPS for patients treated with teduglutide in STEPS
(TED-TED cohort) and initiation of STEPS-2 for patients treated with placebo or not
treated in STEPS (PBO-TED and NT-TED cohorts; see Figure 6 above).

B.2.3.3 Methodology of the Patient Support Programme (PSP)

Following the reimbursement of teduglutide for patients with short bowel syndrome
with type 3 intestinal failure (SBS-IF) in Australia, a Takeda-sponsored patient
support programme (PSP) was set up (starting November 2019 and ongoing) to
provide training and guidance to patients, nurses and clinicians on the use of
teduglutide and the process of PS weaning in patients with SBS-IF. As part of this
PSP, home nursing services support the monitoring and reporting of patients’ PS
reductions whilst on teduglutide.
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—

A Takeda-sponsored homecare service will also be available in England if
teduglutide is approved and this will similarly provide patients with the option to
receive regular visits by homecare nurses to offer support and assistance as
teduglutide is introduced and PS weaning occurs. The homecare nursing team will
also similarly provide frequent reporting and communication of patient progress to
the clinical team in order to optimise patient management. As such, the care
pathway established by the Australian PSP can be considered akin to that which
would exist were teduglutide to be approved in England’.
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B.2.3.4 Methodology of trials conducted in children
Table 9: Summary of methodology of paediatric studies C14 and C13

Trial number C14 (NCT02682381)
Initiated June 2016

C13 (NCT01952080)
Initiated November 2013

conducted in paediatric patients with SBS-IF.

All patients were screened for a minimum of 2 weeks
before initiating on study treatment to establish
baseline PS volume.

Patients (and/or their families) could choose
between receiving teduglutide or standard care (PS)
only; no randomisation between teduglutide and PS
was performed.

Patients who chose treatment with teduglutide were
randomised to one of two doses (0.025 mg/kg/day or
0.05 mg/kg/day).

Study rationale To determine the safety and To determine the safety and pharmacodynamics/efficacy of
pharmacodynamics/efficacy of teduglutide in children | teduglutide in children with SBS-IF
with SBS-IF

Trial design C14 was an open-label, dose-finding 24-week study | C13 was an open-label, dose-finding, non-randomised 12-

week trial conducted in paediatric patients with SBS-IF.

All patients were screened for a minimum of 2 weeks
before initiating on study treatment to establish baseline PS
volume.

Patients were enrolled to one of three doses of teduglutide
(0.0125 mg/kg/day, 0.025 mg/kg/day or 0.05 mg/kg/day).
The doses were administered sequentially; if no
unexpected safety signals were observed for 26 patients in
one dose cohort, the next dose cohort could be initiated. A
fourth observational cohort received standard care
treatment (PS) only.

No randomisation was performed, patients could choose
whether they received teduglutide or standard care.

PS weaning protocol | Decisions regarding PS reduction were ultimately at
the discretion of the investigator, although guidelines
were provided.

Guidelines suggested that PS volume could be
decreased by 210% if all of the following were met:

* urine output 225 mL/kg/day

Decisions regarding PS reduction were ultimately at the
discretion of the investigator, although guidelines were
provided.

Guidelines suggested that PS volume could be decreased
if fluid intake exceeded output by >400 mL/m?
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Trial number

C14 (NCT02682381)
Initiated June 2016

C13 (NCT01952080)
Initiated November 2013

* urine specific gravity <1,020

* weight had been gained

+ <10 stools per day (if not in nappies) or stool/mixed

output <75 mL/kg/day (if in nappies) or ostomy
output <80 mL/kg/day

Eligibility criteria for
participants

» Aged 1-17

* 212 month history of SBS

* Dependent on PS for 230% of caloric intake

* No substantial change in PS use (or enteral
nutrition) for 23 months

» Body weight 210 kg and above fifth percentile for
age

* No gastrointestinal obstruction within 6 months of
screening

* No major gastrointestinal surgery within 3 months
of screening

* No history of cancer of clinically significant
lymphoproliferative disease (excluding non-
aggressive or surgically resected cancer)

* No biologic therapy for Crohn’s disease within 6
months of screening

* No current immunosuppressant therapy for
inflammatory bowel disease

* No evidence of pseudo-obstruction of dysmotility
syndrome

* No use of native GLP-2, GLP-1 or human growth
hormone within 3 months of screening

* No prior use of teduglutide

* No more than 3 SBS- or PS-related hospital
admissions within 3 months of screening

» Aged 1-17

* 212 month history of SBS

* Dependent on PS for 230% of caloric intake

* No substantial change in PS use (or enteral nutrition) for
=23 months

* Body weight 210 kg and above fifth percentile for age

* No gastrointestinal obstruction within 6 months of
screening

* No major gastrointestinal surgery within 3 months of
screening

* No history of cancer of clinically significant
lymphoproliferative disease (excluding non-aggressive or
surgically resected cancer)

* No biologic therapy for Crohn’s disease within 6 months
of screening

* No current immunosuppressant therapy for inflammatory
bowel disease

* No evidence of pseudo-obstruction of dysmotility
syndrome

* No use of native GLP-2, GLP-1 or human growth
hormone within 3 months of screening

* No prior use of teduglutide

* No more than 3 SBS- or PS-related hospital admissions
within 3 months of screening
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Trial number

C14 (NCT02682381)
Initiated June 2016

C13 (NCT01952080)
Initiated November 2013

* No unscheduled hospital admission within 1 month
of screening

* No unscheduled hospital admission within 1 month of
screening

Settings and
locations where the
data were collected

24 sites in North America and Europe

17 sites in the US and UK

Trial treatment

* Teduglutide subcutaneous 0.025 mg/kg/day (n=24)
for 24 weeks

* Teduglutide subcutaneous 0.05 mg/kg/day (n=26)
for 24 weeks

 Standard care for 24 weeks (n=9)

* Teduglutide subcutaneous 0.0125 mg/kg/day (n=8) for 12
weeks

* Teduglutide subcutaneous 0.025 mg/kg/day (n=14) for 12
weeks

* Teduglutide subcutaneous 0.05 mg/kg/day (n=15) for 12
weeks

» Standard care for 12 weeks (n=5)

Permitted and
disallowed
concomitant
medication

No specific concomitant medications were
administered, and no specific medications were
prohibited whilst receiving study treatment

No specific concomitant medications were administered,
and no specific medications were prohibited whilst
receiving study treatment

Primary endpoints
(including scoring
methods and timings
of assessments)

The study analysis was descriptive in nature and
was not powered to analyse a primary endpoint

The study analysis was descriptive in nature and was not
powered to analyse a primary endpoint

Other endpoints used
in the economic
model/specified in the
scope

» Change in volume of PS
* Change in days per week of PS

Patients were assessed for PS volume every week.

» Change in volume of PS

* Change in days per week of PS

Company evidence submission template for teduglutide for treating short bowel syndrome [ID3937]

© Takeda UK Ltd. (2021). All rights reserved

Page 46 of 166




Trial number

C14 (NCT02682381)
Initiated June 2016

C13 (NCT01952080)
Initiated November 2013

Patients were assessed for PS volume every week for the
first 4 weeks, and then every 2 weeks until week 12. A final
study visit occurred at week 16.

Pre-planned
subgroups

None

None

Abbreviations: CSR, clinical study report; GLP, glucagon-like peptide; PS, parenteral support; SBS-IF, short bowel syndrome with type 3
intestinal failure

Source: C14 primary publication”®; C14 CSR®'; C13 primary publication®' C13 CSR;*

B.2.3.5 Baseline characteristics from randomised trials comparing teduglutide and placebo in adults

The baseline characteristics of patients in STEPS and 004 are presented in Table 10. In general, the patient population in the
STEPS and 004 trials were broadly similar to the UK population (see Appendix L.1.1.1), despite only three patients in each trial
being recruited from the UK.

Table 10: Baseline characteristics of patients in the randomised trials of teduglutide in adults

STEPS 004
Teduglutide Placebo Teduglutide Teduglutide Placebo
0.05mg/kg/day (N=43) 0.10mg/kg/day 0.05mg/kg/day (N=16)
(N=43) (N=32) (N=35)

Age, years, mean (SD) [range] 50.9 (12.6) 49.7 (15.6) 50.3 (14.0) 47.1 (14.2) 49.4 (15.1)
[22-78] [18-82] [19-79] [20-68] [20-72]
BMI, kg/m?, mean (SD) [range] 22.5 (3.2) 22.3 (3.1) 21.7 (2.6) 21.2 (3.0) 22.0 (2.9)
[17.6-29.8] | [17.5-28.6] [17.0-26.4] [15.6-26.7] [17.4-28.4]
Women, n (%) 22 (51) 24 (56) 19 (59.4) 18 (51.4) 9 (56.3)
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STEPS 004
Teduglutide Placebo Teduglutide Teduglutide Placebo
0.05mg/kg/day (N=43) 0.10mg/kg/day 0.05mg/kg/day (N=16)
(N=43) (N=32) (N=35)
Cause of major intestinal resection, n (%)
Vascular disease 13 (30) 16 (37) 8 (25) 14 (40) 3(19)
Crohn’s disease 10 (23) 8 (19) 13 (41) 10 (29) 7 (44)
Volvulus 3(7) 6 (14) 4 (13) 5 (14) 2 (13)
Injury 4 (9) 4 (9) 2 (6) 3(9) 1(6)
Cancer 1(2) 2 (5) NR NR NR
Other 12 (28) 7 (16) 5 (16) 309 3(19)
Intestinal anatomy or remnant small 3(7) 3(7) 2 (6) 1(3) 0
bowel length unknown, n (%)
Patients with stoma, n (%) 21 (49) 17 (40) NR NR NR
Types of stoma, n (%)
Jejunostomy 11 (52) 5 (29) 4 (13) 6 (17) 4 (25)
lleostomy 6 (29) 9 (53) 7 (22) 2 (6) 1(6)
Colostomy 4 (19) 1(6) NR NR NR
Other (duodenostomy; jejunostomy + 0(0) 2(12) NR NR NR
ileostomy)
Colon in continuity, n (%) 26 (61) 23 (54) 19 (59) 26 (74) 11 (69)
Overall remnant small bowel length, cm
n 40 40 27 31 15
Mean (SD) 84.4 (64.6) 68.7(63.9) 68 (43) 58 (44) 77 (53)
Mean time receiving PS, years (SD) 6.8 (6.3) 5.9 (5.7) 7.3 (5.9) 6.6 (6.5) 7.9 (7.5)
Mean parenteral volume, mL/day (SD) 1,844 (1,057) 1,929 1,816 (1,008) 1,374 (639)* 1,531 (874)
(1,026)
Mean days per week of PS (SD) 5.6 (1.7) 5.9 (1.5) 55(1.4) 5.1 (1.6)* 5.3(1.7)
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STEPS 004
Teduglutide Placebo Teduglutide Teduglutide Placebo
0.05mg/kg/day (N=43) 0.10mg/kg/day 0.05mg/kg/day (N=16)
(N=43) (N=32) (N=35)
Concomitant medication
Antidiarrhoeals, n (%) 22 (51) 16 (37) 19 (59) 22 (63) 8 (50)
Antisecretory agents, n (%) 25 (58) 22 (51) 17 (53) 19 (54) 7 (44)

Abbreviations: BMI, body—mass index; PS, parenteral support; SD, standard deviation.
Notes: *n=34 as baseline PS data were not provided for one patient
Source: STEPS primary publication’?; STEPS CSR?; 004 primary publication’®; 004 CSR%

The baseline characteristics of patients included in the adult extension studies (STEPS-2, STEPS-3 and 005), and baseline
characteristics from the clinical studies in children (C13 and C14) and are available in Appendix L.1.1.6. Baseline characteristics
from the Australian Takeda Patient Support Programme are provided in section B.2.6.4.2.

B.2.4  Statistical analysis and definition of study groups in the relevant clinical effectiveness evidence
A summary of the statistical analyses conducted for the randomised controlled trials STEPS and 004 are presented in Table 11.

Table 11: Summary of statistical analyses in STEPS and 004

Study STEPS 004

Hypothesis The objectives of this clinical study were to evaluate The objective of this clinical study was to evaluate the

objective the efficacy, safety, and tolerability of teduglutide 0.05 | efficacy, safety, tolerability, and pharmacokinetics of daily
mg/kg/day compared with placebo in patients with SBS | subcutaneous administration of teduglutide compared with
who are dependent on PS. placebo in subjects with PS-dependent SBS.

The primary objective was to compare the percentage | The primary objective was to compare subjects treated with
of patients treated with teduglutide versus placebo who | teduglutide vs. placebo with respect to a graded response
demonstrated a response at week 20 maintained to score that accounted for both intensity and duration of a
week 24. A response was defined as the achievement | response at the end of the 24-week treatment period.
Patients were assigned a score of 0 to 5, with higher scores
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Study STEPS 004
of a 20% to 100% reduction from baseline in weekly indicating a greater magnitude and/or duration of response
PS volume. (scoring system described in section B.2.6.1.2)
Populations for * Intent-to-treat population: all patients randomised in * Intent-to-treat population: all patients who received at least
analysis the study (n=43 teduglutide, n=43 placebo). All efficacy | one dose of study drug (n=35 teduglutide 0.05 mg/kg/day,
analyses were conducted in this population n=32 teduglutide 0.10 mg/kg/day, n=16 placebo). Efficacy
- Safety population: all patients who received at least | @and safety analyses were conducted in this population
one dose of double-blinded study treatment (n=42 * Per-protocol population: all patients who completed the
teduglutide, n=43 placebo). All safety analyses were study without major protocol violations (n=26 teduglutide
conducted in this population 0.05 mg/kg/day, n=29 teduglutide 0.10 mg/kg/day, n=15
« Per-protocol population: all patients who completed placebo). Ef‘ficacy_analy;es in this population were used to
the study without major prespecified protocol violations | Support analyses in the intent-to-treat population
(n=37 teduglutide, n=38 placebo). Efficacy analyses in
this population were used to support analyses in the
intent-to-treat population
Statistical Analysis of the primary endpoint compared the event For the primary efficacy endpoint, the ordered categorical
analysis rates for the two treatment groups using the Cochran— | response variable was summarised for each treatment
Mantel-Haenszel test statistics adjusted for the group using descriptive statistics. Pairwise treatment
randomisation stratification variable (<6 or >6L/week of | comparisons were made using a rank analysis of
PS volume at baseline). Analysis was conducted in the | covariance (an extension of the Wilcoxon rank sum test)
intent-to-treat population with strata for the baseline PS consumption level used for
Other efficacy endpoints were summarised using the stratification of the randomisation and treatment group
descriptive statistics with the baseline weekly PS volume as a covariate, and a
step-down procedure for multiple comparisons
Other efficacy endpoints were summarised using
descriptive statistics
Sample size, Eighty-six patients were randomised in a 1:1 ratio to A sample size of 80 randomised subjects (32 subjects in
power detect differences in responder rates between each of the teduglutide treatment groups and 16 subjects in
calculation teduglutide 0.05 mg/kg/day and placebo groups of 35% | the placebo group) was to provide at least 90% power to
versus 6%, respectively, based on the response rates | detect an increase in the percentage of subjects who had
reported in the 004 randomised controlled trial (a = the protocol-defined minimum response (20% decrease for
0.05, 2-sided rest and power= 90%). Grounded on both weeks 20 and 24), from 5% in the placebo treatment
these assumptions, nQuery Advisor (version 6.0, group to 50% in the teduglutide treatment groups (80%
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Study STEPS 004

Statistical Solutions, Saugus, MA, USA) based on the power to detect an increase to 44%). The power

Fisher exact test was used to calculate the power. calculations were based on two-sided tests of significance
using Fisher’s Exact test.

Data This study did not include any follow-up to assess the This study did not include any follow-up to assess the
management, duration of effect of teduglutide after discontinuation. duration of effect of teduglutide after discontinuation.
patient This study had a Data and Safety Monitoring Board This study had a Data and Safety Monitoring Board

withdrawals

No patients were lost to follow-up. No patients were lost to follow-up.
Abbreviations: PS, parenteral support; SBS, short bowel syndrome
Source: STEPS CSR?; 004 CSR%

No formal hypothesis testing was conducted in the single-arm extension studies STEPS-2, STEPS-3 and 005. Descriptive statistics
were used to analyse all efficacy and safety endpoints. Due to the small eligible patient pool for trials C13 and C14 (children with
SBS and PS dependency), no formal hypothesis testing was planned for these studies, and descriptive statistics were used to
analyse PS volume and safety endpoints. Descriptive statistics were used to analyse the Patient Support Programme.
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B.2.5 Quality assessment of the relevant clinical effectiveness
evidence

No quality issues were noted for either of the randomised controlled trials in adults
(STEPS and 004). Quality issues for the two controlled trials in children (C13 and
C14) relate to the lack of randomisation between teduglutide and standard care
arms. Appendix D provides the complete quality assessment for each trial.

B.2.6 Clinical effectiveness results of the relevant trials

B.2.6.1 Teduglutide versus placebo efficacy in adults

Results from the two phase 3 randomised controlled trials of teduglutide (STEPS and
004) provide high-quality evidence that show the superiority of teduglutide 0.05
mg/kg/day to placebo. We will report the results of the primary endpoint from STEPS
and 004 to make this point, and we will also show that teduglutide allows patients to
reduce days per week of parenteral support (PS; an important treatment goal, see
B.1.3.3) more than placebo (the difference is statistically significant).

We will also discuss two points that limit interpretation of these data:

e The nature of the PS weaning algorithms used, which did not allow PS
weaning as early, as regularly, or of a magnitude seen in real-world clinical
practice (see B.2.6.1.3)

e The high placebo response seen in STEPS, which does not reflect results
with standard care in clinical practice. This is an artefact of the PS weaning
algorithm and led to patients receiving placebo risking dehydration and losing
weight. The principal investigator of the trial stated this should be viewed as a
protocol violation®? (see B.2.6.1.4)

B.2.6.1.1 Results from STEPS

The STEPS trial met its primary endpoint: a statistically significant improvement in
the number of patients achieving a clinical response (220% reduction in parenteral
support [PS] volume) at week 20, maintained to week 2472:

e Teduglutide arm: 63% (n=27/43) achieved a clinical response
e Placebo arm: 30% (n=13/43) achieved a clinical response
e Riskratio 2.077 (95% CI 1.25 to 3.46); p=0.002

This analysis was performed in all patients randomised to treatment (the intent-to-
treat cohort).

Patients receiving teduglutide were statistically significantly more likely to achieve
days off PS. Among patients who completed 24 weeks of treatment (n=39 in each
arm), more patients in the teduglutide arm than the placebo arm reported achieving
at least one day off PS per week (53.8% vs 23.1%, p=0.005; Figure 7).
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Figure 7 Patients achieving days off PS per week in teduglutide and placebo
arms by week 24; STEPS trial
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o 20% 13 (33.3%) 3(7.7%)
6 (15.3%)
0%
Teduglutide Placebo
(n=39) (n=39)
B |22 Days off
1 Day Off

Abbreviations: PS, parenteral support
Notes: p=0.005 for teduglutide vs placebo
Source: STEPS primary publication”?; STEPS CSR#

Furthermore, at every observation time point, patients receiving teduglutide had a
greater reduction in PS volume than patients receiving placebo (-1.1 L/week vs -0.5
L/week at week 4; -4.4 L/week vs -2.3 L/week at week 24). This difference reached
the threshold for statistical significance at week 8 and remained significant for the
remaining period of 24 weeks (Figure 8).
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Figure 8 Change in PS volume from baseline in teduglutide and placebo arms;
STEPS trial
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Number of patients
P Teduglutide 42 40 40 38 38 38 39

I Placebo 43 43 41 39 39 40 39

Abbreviations: PS, parenteral support

Notes: *p=<0.05 vs placebo; **p<0.01 vs placebo; ***p<0.001 vs placebo
Blue bars = teduglutide 0.05 mg/kg/day arm; grey bars = placebo arm

Source: STEPS primary publication”?; STEPS CSR#

B.2.6.1.2 Results from 004
Study 004, like STEPS, provides evidence of the comparative efficacy of teduglutide

versus placebo in adults. The primary endpoint in 004 was a graded response score,
which took into account both the magnitude and durability of PS volume reduction.
The graded response score was assessed in the intent-to-treat population (all

patients randomised). The scoring system is described in
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Table 12 and results are shown in Figure 9. Higher response scores represented a
greater magnitude and/or durability of PS volume reduction versus lower scores. A
graded response score of 1 or more indicated a 220% reduction in PS volume at
week 20 sustained to week 24 (equivalent to the primary endpoint in STEPS).
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Table 12: Graded response scoring system used in 004

Reduction in weekly PS volume at week 20
and maintained to week 24
<20% 20-39% 40-99% 100%
Reduction in weekly PS | <20% 0 1 2 3
volume at week 16 and o
maintained to week 20 20-39% 0 2 3 4
>40% 0 3 4 5

Abbreviations: PS, parenteral support

Note: The numbers in jtalics are the graded response scores assigned to patients who fall
into the criteria described by the row and column

Source: 004 primary publication’®; 004 CSR%

Figure 9 Graded response score results in two teduglutide arms and placebo

arm; 004 study

100% 949

80% 75%
£
_5 60% 4%
©
o
S 40%
>

20%

0%
0

17%

6% I
|
1

17%

13%
6% II
2

3

Graded response score

6%6%
HN
4

Placebo (n=16) mTeduglutide 0.10 mg/kg/day (n=32) m Teduglutide 0.05 mg/kg/day (n=35)

Notes:

* 6% in placebo arm

Abbreviations: PS, parenteral support

p=0.16 for comparison of teduglutide 0.10 mg/kg/day vs placebo;
p=0.007 for comparison of teduglutide 0.05 mg/kg/day vs placebo;

A graded response score of 1 or more indicates a 220% reduction in PS volume at week
20 sustained to week 24 (equivalent to the primary endpoint in STEPS). The responder
rates in 004, using the STEPS primary endpoint, were:
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* 25% in teduglutide 0.10 mg/kg/day arm
* 46% in teduglutide 0.05 mg/kg/day arm

One patient receiving teduglutide 0.10 mg/kg/day weaned off PS at week 24 with a graded
response score of 4

Source: 004 primary publication’®; 004 CSR%

Further data from 004 are presented in Appendix L.1.1.4. While study 004 provides
further evidence for the superior efficacy of teduglutide 0.05 mg/kg/day compared to
placebo, the study has weak external validity and is not reflective of current clinical
practice (see section B.2.6.1.3 below).

B.2.6.1.3 PS weaning algorithms in STEPS and 004

Both STEPS and 004 used a PS weaning algorithm that restricted the magnitude
and speed at which investigators could reduce patients’ PS volumes. These
algorithms are described in Table 13.

Table 13: Weaning algorithms used in STEPS and 004

volume at each timepoint

STEPS 004

Condition PS volumes could be reduced if PS volumes could be reduced if
urine volumes during the urine volumes during the
preceding 48 hours were 210% preceding 48 hours were 210%
above baseline above baseline

Magnitude Between 10-30% of baseline PS | Up to 10% of baseline PS volume

at each timepoint

Timepoints at
which
reductions
could be made

Study visits on weeks 2, 4, 8, 12,
16, 20 and 24

Study visits on weeks 4, 8, 12, 16,
20 and 24 (and reduced on no
more than 5 of these 6 timepoints)

Other

None

If, in addition, urine volume was
over 2.0 L/day, PS volume could
be reduced by 210% of baseline
PS volume (as clinically
appropriate)

Abbreviations: PS, parenteral support

Source: STEPS primary publication”?; 004 primary publication”®
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The weaning algorithms used limit the external validity of both studies. This is
highlighted in the discussion of a real-world evidence study on teduglutide
effectiveness published by lead author Professor Francisca Joly, a world-renowned
expert in the management of SBS-IF:

“In our “real-life” experience of the weaning process, fluid intake and urine output
monitoring could be less strict than in the published trials, allowing more freedom in
PS reduction®”

Furthermore, three UK-based expert clinicians with extensive experience of SBS-IF
supported the above statement by Joly et al., confirming that PS reductions in the
real-world are likely to be more rapid than could be undertaken in STEPS and 00452,
This is partly because weaning in the real-world is likely to be based on a more
holistic assessment of patients — while urine volume is appropriate for guiding PS
weaning in a clinical trial setting, it is not the only factor considered in real-world
practice.

While the weaning algorithm used in STEPS (allowing PS volume reductions of up to
30% of baseline volume) is conservative relative to real-world practice, the weaning
algorithm applied in 004 (allowing PS volume reductions of up to only 10% of
baseline volume) should be considered unduly restrictive. This can be further
illustrated by comparing response rates between 004 and STEPS. The more
restrictive PS weaning algorithm used in 004 is reflected in the lower response rates
and mean PS volume reductions for both the teduglutide 0.05 mg/kg/day arm and
placebo arm compared to STEPS (Table 14). Furthermore in the real-world, where
PS weaning algorithms are not used, we see better results with teduglutide than in
either of these clinical trials (section B.2.6.4).

Table 14: Naive comparison of responder rates in 004 and STEPS

STEPS 004

% of patients who Teduglutide 0.05 63% (n=27/43) | 46% (n=16/35)
achieved a 220% mg/kg/day
reduction in PS volume at o T o T
week 20 sustained to Placebo 30% (n=13/43) | 6% (n=1/16)
week 24 (primary
endpoint in STEPS)
% PS volume reduction at | Teduglutide 0.05 - -
week 24 (from baseline) mg/kg/day

Placebo - -
Abbreviations: PS, parenteral support
Source: STEPS primary publication”?; STEPS CSR®°; 004 primary publication’®; 004
CSR%®

In summary, while STEPS and 004 demonstrate the superior efficacy of teduglutide
over placebo in a randomised and controlled setting, the trials both lack external
validity on account of the conservative PS weaning algorithms used in STEPS and
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unduly restrictive algorithm used in 004. As STEPS is a better approximation of real-
world practice, we will use results from STEPS (and extension study STEPS-2) in
our economic model, but we will not use results from 004 (or extension study 005).

B.2.6.1.4 Placebo response in STEPS

A feature of the STEPS results is the apparent efficacy of placebo: a response rate
of 30%, an average PS reduction of -2.3 L/week and 23.1% (n=9/39) of patients
reaching an additional day per week off PS (all measured at week 24 and relative to

Teduglutide improves intestinal absorption, allowing patients to reduce PS and
increase oral fluid/nutrition intake. It should be noted first that the PS reductions in
the placebo arm of STEPS are not likely due to increased intestinal absorption. All
patients entering STEPS underwent a process of PS optimisation (to achieve
suitable urine output) and stabilisation (to ensure PS volume received matched PS
volume prescribed). Furthermore patients in the placebo arm of STEPS had been

receiving PS for on average 5.9 years (SD 5.7) after which time spontaneous
adaptation of the intestine is

- In clinical practice, a patient would only be able to reduce their PS if the

absorptive capacity of their intestine improved, such that they could effectively
receive more nutrients and fluid by mouth and meet their nutritional demands.
Improved intestinal absorption can be observed through decreased faecal wet weight
(as more fluid is absorbed by the intestine), and in phase 2 studies of teduglutide,
decreased faecal wet weight was seen to correlate with increased urine volume. As
urine volume was more feasible to measure, subsequent clinical trials used urine
volume as a marker of intestinal adaptation and as a guide to reducing PS volume.
Therefore, in STEPS, PS volumes could be reduced (by up to 30% of baseline) if
urine volume was 210% above baseline.

Whilst urine volume fluctuations may explain the placebo response rate, we should
also consider to what degree weaning in the teduglutide arm of STEPS was also
driven by these fluctuations rather than reduced PS need, and therefore may also
have not been appropriate.

kkkkkkkkhkhhkhkhkkkhkkkhkkkkkkhhhhhhhkkkkkhkkkkhkkkhhhhhhhhhhkkkkkhkkkhkkkhkhhhhhhkhkkhkkkhkkkkkkkkhkhkkkkkkkkkkkkkkk
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_ As PS volume (which contains |V fluids for hydration) decreased
in both arms over the study, patients in the placebo arm had to significantly increase
their oral fid intake (I = or! Not -

valid bookmark self-reference.A, below) in order to compensate for this loss of IV
fluid (the increased oral fluid intake was not lost as increased urine production, see
Error! Not a valid bookmark self-reference.B below). Patients receiving
teduglutide did not increase their oral fluid intake as their IV fluid intake decreased;
we can infer this was because their intestine was able to absorb more fluid from their
existing oral intake. For a graphical illustration of this situation, seeFigure 11 (next
page). Urine production in both arms increased from baseline but otherwise stayed
fairly constant over the study, supporting the above interpretation (Error! Not a valid
bookmark self-reference.B, below).

Figure 10 Change in A) oral fluid intake and B) urine volume from baseline in
teduglutide and placebo arms; STEPS trial
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Week Week
Number of patients Number of patients
Teduglutide 40 40 38 38 38 39 40 40 38 38 38 39
Placebo 43 41 39 39 40 39 43 41 39 39 40 39

Notes:

*p<0.05 vs placebo; **p<0.01 vs placebo; ***p<0.001 vs placebo

#p<0.05 vs baseline within group; #p<0.01 vs baseline within group; ##p<0.001 vs
baseline within group

Source: STEPS primary publication”?; STEPS CSR®®

Company evidence submission template for teduglutide for treating short bowel syndrome
[ID3937]

© Takeda UK Ltd. (2021). All rights reserved Page 60 of 166



Figure 11 Graphical overview of patient fluid balance in patients treated with
teduglutide and placebo during STEPS

Fluid in digestive Faeces/stomal
system output

Not measured in STEPS

Oral fluid intake
in TED arm

Increased in PBO arm

Increased™® in TED arm

n PBO arm
- Fluid in .
PS fluid intake Urine output
_ bloodstream _
Decreased in TED arm in TED arm
Decreased in PBO arm in PBO arm

Abbreviations: PBO, placebo; PS, parenteral support; TED, teduglutide

Notes: *Intestinal absorption was not directly measured, but can be inferred from the
changes in oral fluid intake, PS fluid intake and urine output

Source: STEPS primary publication”?; STEPS CSR®%; Expert statement from Professor
Jeppesen®

B.2.6.2 Teduglutide longer-term efficacy in adults

STEPS-2 represents the largest overall patient exposure to teduglutide 0.05
mg/kg/day in a clinical trial (n=88 patients for up to 24 months). STEPS-3 also
provides longer-term efficacy data, however the study was small (n=14) and patients
had varied follow-up times due to rolling study start dates but a fixed end date.
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We will use data from STEPS-2 and STEPS-3 to highlight that the clinical benefit
observed with teduglutide in STEPS is enhanced with longer-term treatment.

B.2.6.2.1 Results from STEPS-2

Data from STEPS-2 were analysed by prior treatment and therefore split into three
cohorts:

e The TED-TED cohort (n=37), who were previously treated with teduglutide in
STEPS and continued teduglutide in STEPS-2 (total 30 months of teduglutide
treatment)

e The PBO-TED cohort (n=39), who received placebo in STEPS, and
commenced teduglutide at the start of STEPS-2 (total 24 months of
teduglutide treatment)

e The NT-TED cohort (n=12), who were screened but not treated in STEPS,
and commenced teduglutide at the start of STEPS-2 (total 24 months of
teduglutide treatment)

STEPS-2 used the same conservative parenteral support (PS) weaning algorithm as
STEPS (discussed further in B.2.6.1.3), although in STEPS-2 patients had fewer
opportunities to reduce their PS volume (every ~3 months in STEPS-2, compared to
every ~4 weeks in STEPS). In routine clinical practice, clinical visits are likely to be
more frequent, and so the weaning algorithm used in STEPS limits the external
validity of the study, and STEPS-2 is limited even more so. The TED-TED cohort
experienced the more clinically relevant STEPS algorithm whilst receiving
teduglutide, and so these data have the highest external validity (the PBO-TED and
NT-TED cohorts only experienced weaning on teduglutide using the less valid
STEPS-2 algorithm). Three UK-based expert clinicians with direct experience of
teduglutide supported the idea that the TED-TED cohort represented the most
clinically relevant data®. For these reasons, we will focus throughout this dossier on
the TED-TED cohort. Data from the PBO-TED and NT-TED cohorts are presented in
Appendix L.

Longer-term treatment with teduglutide in STEPS and STEPS-2 resulted in
sustained, continued reductions in PS requirements, as measured by days per week
of PS and PS volume (PS volume data in Appendix L). At the start of STEPS,
patients receiving teduglutide spent a mean ofﬁ days per week on PS.
After 30 months of teduglutide treatment, this had decreased to || days per
week on PS (Figure 12, next page)
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Figure 12 Mean days per week of PS during STEPS/STEPS-2 in the TED-TED
cohort

(Figure 13,
next page) and 33% (n=10/30) achieved complete independence from PS. This
demonstrates the continued clinical benefit teduglutide provides over longer term
treatment.
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Figure 13 Proportion of patients achieving at least 1 day off PS per week in
STEPS and STEPS-2 for patients in the TED-TED cohort

B.2.6.2.2 Results from STEPS-3

Data from STEPS-3 are supplementary to the results seen in STEPS-2 due to the
weaker internal validity of STEPS-3.

STEPS-3 was a small trial (h=14) conducted only in the USA. Furthermore, although
STEPS-3 collected additional data for ‘up to 1 year of treatment’, the confluence of
the rolling study start dates and a fixed study end date means that the number of
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patients available at a given assessment timepoint is variable; not all patients
received 12 months of additional teduglutide treatment. As per STEPS-2, data from
STEPS-3 are presented in three cohorts by treatment received in STEPS (TED-TED,
PBO-TED, NT-TED; see B.2.6.2.1 above)®.

Results from STEPS-3 further reinforce that teduglutide has longer-term efficacy in
adults with SBS-IF and continued treatment is associated with a sustained response.
Of the 5 patients in the TED-TED cohort who entered STEPS-3, the mean reduction
in days per week of PS was 3.0 days .

It is particularly notable that two patients | lGcTzNNEEEE

gained independence from PS during the STEPS-3 study. One patient gained

independence after 126 weeks of teduglutide treatment, one after 130 weeks. This

demonstrates that teduglutide can continue to provide clinical benefit after over 2
ears of treatment’®.

Taken together, data from STEPS-2 and STEPS-3 reinforce that teduglutide
continues to provide clinical benefit beyond 2 years of treatment.

Further data from STEPS-3 are presented in Appendix L.1.1.3.

B.2.6.3 Teduglutide quality of life data from clinical trials in adults

Quality of life data comparing teduglutide with placebo were captured in 004 and
STEPS, however none of the data collected provides a meaningful assessment of
the impact of reducing parenteral support (PS) on patient quality of life.

In 004, no difference was reported for any of the instruments used (SF-36, EQ-5D
and IBDQ) when comparing results for the teduglutide arm at week 24 vs baseline or
vs placebo arm at week 24. We will not further discuss quality of life results of 004
here: in the EPAR, it was noted that these quality of life/utility measures had not
been developed to assess the quality of life of patients with short bowel syndrome
with type 3 intestinal failure (SBS-IF) and were unlikely to be sensitive enough
(considering both the small number of patients and heterogeneity in symptoms
between patients; both factors that make assessment of quality of life in SBS difficult
to measure). At the time of 004’s initiation, no disease-specific quality of life
measures were available®®.

STEPS assessed patients’ quality of life using an SBS-specific quality of life scale
(SBS-QolL ), which was designed and developed specifically to measure quality of life
changes over time in patients with SBS (however, measuring quality of life driven by
PS was not a goal in developing the SBS-QoL)%. The SBS-QoL asks patients to rate
the influence of their disease on 17 items (general wellbeing; everyday activities;
working-life; leisure activities; social life; energy level; physical health; mobility and
self-care activities; pain; diet, eating and drinking habits; emotional life; sleep;
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gastrointestinal symptoms; fatigue/weakness; diarrhoea; skeleton/ muscle
symptoms; and other symptoms/discomfort) using a visual-analogue scale. Each
item is scored from O to 10, giving overall scores from O (perfect) to 170 (worst).

STEPS did not demonstrate any statistically significant quality of life differences
between the teduglutide and placebo groups after 24 weeks of treatment®®: %5:

e Patients receiving teduglutide experienced a reduction (improvement) in
mean SBS-QoL score of -11.7 (SD 26.8)

e Patients receiving placebo experienced a reduction (improvement) in mean
SBS-QolL score of -6.3 (SD 30.5)

e Mean difference -5.4 in favour of teduglutide; p=0.407

. Itis also contrary to quality of
life findings using the PNIQ: an instrument designed specifically to capture the effect
of PS on everyday life®’. Using the PNIQ, a reduction in days per week of PS was
found to be statistically significantly correlated with improvement in quality of life
among patients with type 3 intestinal failure®.

There are a number of potential reasons why SBS-QoL data from STEPS did not
demonstrate a statistically significant quality of life difference between teduglutide
and placebo:

e As the EMA acknowledged when reviewing these results in the teduglutide
EPAR, there is notable heterogeneity in the SBS-IF population, which makes
differences in quality of life between treatment arms difficult to detect®®. This
heterogeneity can arise from the underlying condition that gives rise to SBS:
patients for whom SBS resulted from a chronic disease are likely to
experience PS positively given the disease control it offers, but patients for
whom SBS resulted from an acute condition are likely to view PS negatively
by comparison with their previous state'”.

¢ Randomisation was not intended to balance the 17 SBS-QoL items between
the treatment groups, and so the teduglutide and placebo arms may have had
differing quality of life concerns at baseline.

e The teduglutide EPAR suggests that the SBS-QoL instrument may not be
sensitive enough to detect difference between teduglutide and placebo®®.

e STEPS was not powered to detect statistically significant changes in the SBS-
QoL score’?.
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As stated in the EPAR, the CHMP considered that the absence of statistically
significant difference between teduglutide and placebo in SBS-QoL scores was
related to the heterogeneity of the study population as well as the lack of sensitivity
of the SBS-QoL instrument. Therefore, these results were not considered to
undermine the clinical relevance of the observed effect on reduction in PS volume®®.

B.2.6.4 Teduglutide effectiveness in adults in a real-world setting

Results from a real-world setting show that the effectiveness of teduglutide is likely to
surpass the efficacy observed in the STEPS clinical trials. Here, we will present data
from published real-world studies of teduglutide and from the Australian Takeda
Patient Support Programme (PSP); both of which support this point. In B.2.8, we will
use a meta-analysis to formally compare these sources of data.

B.2.6.4.1 Results from published studies

Ouir clinical systematic literature review (SLR) identified 20 non-interventional studies
of teduglutide; we will consider eight of them here, and use them to make the point
that in the real-world, teduglutide is at least as effective, if not more effective, than
demonstrated in the phase 3 trial STEPS and its extension, STEPS-2.

These eight studies all investigated teduglutide 0.05 mg/kg/day in adults with SBS-IF
and were published as full papers, as opposed to presented only at congresses (see
section B.2.2.2,
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Table 7 for the rationale for our focus on them). Although not included in our model,
these eight studies are relevant to the decision problem because they provide data
on the real-world effectiveness of teduglutide, and therefore are representative of the
outcomes that could be expected were teduglutide available on the NHS. They also
illustrate the effectiveness of teduglutide outside of the artificial constraints of a
clinical trial environment, and notably in an environment where restrictive PS
weaning algorithms are not used.

We will present data from these eight studies alongside data from patients treated
with teduglutide in STEPS and STEPS-2. This allows a descriptive comparison of
teduglutide’s effectiveness in environments where parenteral support (PS) weaning
algorithms are used (STEPS/STEPS-2) and not used (the real-world). This
comparison is only appropriate if the baseline characteristics of the populations are
comparable. The degree of heterogeneity in the age, sex and underlying cause of
disease between patients in these eight studies and STEPS/STEPS-2 is no more
than would be expected given the heterogenous nature of the short bowel syndrome
with type 3 intestinal failure (SBS-IF) population and small numbers of patients
involved (Table 15).
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Table 15: Baseline characteristics of patients in real-world studies and STEPS

Joly Lam 2018 Martin 2021 | Pevny Puello 2020 Schoeler Tama- Ukleja STEPS
2020 2019 2018 ra 2020 | 2018 TED arm

Number of patients 54 18 31 27 18 14 4 6 43
Age, years, mean (SD) unless otherwise stated as 52.3 47* (20— 51* (IQR 51 (17) | 54.4* (28-74) | 49.1 (18.7) 53 46.3 50.9
median* or (min — max) (2.1) 81) 37-59) (20-74) | (18.1) (12.6)
Female, % 35% 61% 35% 52% 56% 64% 50% 67% 51%
Primary cause of disease, %

Inflammatory bowel disease 30% NR 32% 15% 67% 50% 0% 33% 23%

Radiation enteritis 6% NR 3% 0% 0% 7% 0% 0% 0%

Volvulus 13% NR 13% 0% 0% 0% 0% 0% 7%

Vascular disease 39% NR 32% 44% 17% 36% 50% 0% 30%

Injury 0% NR 10% 1% 0% 0% 0% 0% 9%

Other 13% NR 10% 30% 17% 7% 50% 33% 30%
Bowel features

Colon-in-continuity, % 65% 83% 52% 78% 50% 64% 25% 50% 61%

Remaining small bowel length, cm, mean (SD) 61.8 55* 74* (IQR NR 100" (40—240) | 64.5 70 75 (32) 84.4

unless otherwise stated as median* or (min-max) | (5.9) (6—180) 34-100) (20-150) (60-80) (64.6)
PS consumption

Duration of PS dependency, years, mean (SD) 9.8 3.0 (0.3— 4.8* (IQR 4.3 NR NR 35(NR) | 46(4.8) | 6.8(6.3)

unless otherwise stated as median™ or (min-max) | (1.2) 8) 2.3-8.3) (5.8)

PS volume, L/wk, mean (SD) unless otherwise 11.2 9.9* (2.7- 7.5* (IQR 13.7 9.9 (95%CI 12.2 (SEM 10.8 7.7 (4.3) 12.6 (7.4)

stated as median* or (min—max) (1.1) 30) 3.5-15) (7.9) 6.7-13.2) 2.3) (1.3)

PS days per week, mean (SD) unless otherwise 4.4 NR 4* (IQR 3— 5(2) 6.1 (95%Cl 5.6 (NR) 5(0) 4.8 (2) 5.6 (1.7)

stated as median* or (min—max) (0.2) 5) 5.2-6.9)

Notes: * represents median (min — max)

Abbreviations: 95%C, 95% confidence interval; med, median; NR, not reported; R, range; SD, standard deviation; SEM, standard error of the mean

Source: STEPS primary publication’?; STEPS CSR®; STEPS-2 primary publication’®; STEPS-2 CSR%; real-world study publications?”- 8, 96-101
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Ukleja 2018 and Martin 2021 should perhaps be considered outliers as these studies
included patients with particularly low PS needs at baseline (baseline PS volume 7.7
L/wk in Ukleja 2018 and 7.5 L/wk in Martin 2021). This is relevant as previously
published data have suggested that patients on lower baseline PS volumes are more
likely to gain independence from PS with teduglutide'®?, However, across the other
real world studies, there is no reason to consider the included patients to represent
an ‘easier to treat’ population considering key characteristics such as: the proportion
of patients with a colon in continuity (range: 25% to 83% versus 61% in
STEPS/STEPS-2); mean remnant small bowel length (range: 61.8—70 cm versus
84.4 cm in STEPS/STEPS-2); or mean volume of PS consumption (range: 9.9-13.6
L/wk versus 12.6 L/wk in STEPS/STEPS-2).

For the purpose of this descriptive comparison to STEPS and STEPS-2, we have
chosen to present two outcomes from the eight real-world studies because they were
the most consistently reported across the eight studies:

e Percentage of patients achieving clinical response (=20% reduction in PS
volume from baseline)

e Percentage of patients gaining independence from PS (100% reduction in PS
volume from baseline)

The percentage of patients achieving a clinical response over time in the real-world
studies and STEPS/STEPS-2 is shown in Figure 14 (next page). In general, clinical
response was similar when comparing real-world studies to STEPS/STEPS-2;
clinical response rates at week 24 were . in STEPS and 33% to 100% in the real
world. At week 52, response rates were in STEPS-2 and 55% to 100% in the
real world. It is worth noting that the authors of the Schoeler 2018 paper (which
showed the lowest clinical response amongst the real-world studies at all timepoints)
specifically mentioned that:

“...due to the lack of experience with this novel treatment approach and because of
patient safety reasons, parenteral support was intentionally reduced slowly™®
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Figure 14 Percentage of patients achieving a clinical response over time in
real-world studies and STEPS/STEPS-2

Propotion of patients achieving a clinical response
(20% reduction in PS volume)

60 72 24 96 108 120 132 144
Time from teduglutide initiation (weeks)

—#— STEPS/STEFS-2 TED-TED —#—Martin 2021 —a— Joly 2020
o—Pevny 2019 Fuelio 2021 Schoeler 2018
—s—Tamara 2020 —e—Jklgja 2018

Abbreviations: PS, parenteral support; TED-TED, the subgroup of patients from STEPS-
2 who were previously treated with teduglutide in STEPS (see B.2.3.2)

Notes:
Size of marker is proportional to number of patients on teduglutide at given timepoint

% indicates the number clinical responders as a proportion of the number of patients
receiving teduglutide at the time for all studies.

Schoeler 2018 publication reported clinical response data for 7 patients at *>12 months’;
we have plotted this at 72 weeks for convenience

The definition of clinical response used here (=20% reduction in PS volume from baseline)
is different to the definition used in STEPS (220% reduction at week 20 maintained to
week 24), hence the clinical response at week 24 for STEPS data reported here (69%) is
higher than the value reported in B.2.6.1 (63%)

Source: STEPS primary publication”?; STEPS CSR®%; STEPS-2 primary publication’?;
STEPS-2 CSR%; real-world study publications®”: 8. 97-101

Figure 15 shows the percentage of patients gaining total independence from PS in
real-world studies and in STEPS/STEPS-2. Whilst the results from Ukleja 2018 and
Martin 2021 should be considered outliers due to included patients’ low baseline PS
consumption (this is discussed above), the percentage of patients gaining
independence from PS at a given time point in STEPS and STEPS-2 consistently
lags behind that seen in the real-world. In the real-world, up to 33% of patients gain
independence from PS after 24 weeks of teduglutide (compared 0% in STEPS), and
between 17% and 40% of patients gain independence after 52 weeks of teduglutide
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(compared to ] in STEPS-2). Of particular note, after 52 weeks of treatment the
percentage of patients gaining independence from PS in STEPS/STEPS-2 lag
behind equivalent results from Schoeler 2018, who (as quoted above) ‘intentionally
reduced PS slowly™®. Finally, it is also noteworthy that some real-world studies
reported patients gaining independence from PS as early as 12 weeks into treatment
with teduglutide; the first patient to gain independence from PS in STEPS/STEPS-2
did so after [l of treatment®.

Figure 15 Percentage of patients gaining independence from PS over time in
real-world studies and STEPS/STEPS-2

100%

80%

40%

(100% reduction in PS volume)

Percentage of patients gaining independence from PS

U 12 24 36 43 60 72 24 96 108 120
Time from teduglutide initiation (weeks)

—a8— STEPS/STEPS-2 TED-TED —e—Joly 2020 —a—Mariin 2021
o—Pevny 2019 Lam 2018 Puello 2021
Schoeler 2018 —s—Tamara 2020 —a— Jkizja 2013

Abbreviations: PS, parenteral support; TED-TED, the subgroup of patients from STEPS-
2 who were previously treated with teduglutide in STEPS (see B.2.3.2)

Notes:
Size of marker is proportional to number of patients on teduglutide at given timepoint

% indicates (number gaining independence from PS) / (humber receiving teduglutide at
the time) for all studies. An exception here is Lam 2018, which does not provide patient
numbers at each timepoint of assessment; we have therefore assumed all 18 patients
remained on teduglutide throughout follow-up as this gives the most conservative estimate
of complete response rate

Results from Ukleja 2018 and Martin 2021 should be considered an outlier, this is
discussed in reference to baseline characteristics above

Source: STEPS primary publication”?; STEPS CSR®; STEPS-2 primary publication’s;
STEPS-2 CSR%; real-world study publications?”: 8. 96-101

Even considering the aforementioned outliers, we can conclude that in real-world
practice, it appears that a similar number of patients achieve a clinical response
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compared to in STEPS/STEPS-2, but a higher proportion of patients gain
independence from PS. These conclusions are supported by our meta-analysis (see
B.2.8). These results are likely due to the lack of PS weaning algorithms in real-world

practice; whereas in STEPS/STEPS-2 these algorithms likely limited the extent and
speed with which patients could reduce PS and thereby the reported efficacy of
teduglutide. This point is discussed further in B.2.13.3.

B.2.6.4.2 Results from the Patient Support Programme (PSP)

Table 16: Baseline characteristics of patients treated with teduglutide in the

PSP and in STEPS

Characteristic L | STEPS TED arm (n=43)
Cause of disease, n (%)
Crohn's disease I | 10 (233)
Ischaemia/vascular disease | | KGKTKcNcNGNGEGEG | 3 302
Small bowel atresia I | °
Radiation enteritis _ 0
Gastroschisis I | °
Gastric cancer N | 29
Other I | © (442)
Average remnant small bowel _ 84.4 (64.6; data for
length, cm (SD) n=40)
Colon in continuity, n (%) I | 25 505)
Average time on PS, years B 663
(SD)
Weekly PS volume at baseline, | | KGKNGTTNNNEEEEEE | 26 (74
L (SD)
Days per week of PS at I c6 (1)
baseline (SD)
Abbreviations: PS, parenteral support; PSP, patient support programme; SD, standard
deviation; TED, teduglutide
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Notes: age and sex data were not available for PSP data

Source: STEPS primary publication’?; STEPS CSR®; Revestive atHOME PS reduction
report'3

Figure 16 Percentage of patients achieving days off PS per week in the PSP
(green) and STEPS/STEPS-2 (blue)
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Table 17: Percentage of patients achieving clinical response and gaining
independence from PS in the PSP and STEPS/STEPS-2 TED-TED cohort

ulle
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NN
I I
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I

B.2.6.5 Teduglutide efficacy in children

Results from the two phase 3 trials conducted in children with short bowel syndrome
(SBS), C13 and C14, provide evidence of the efficacy of teduglutide in a paediatric
population. We will use these data to illustrate that the efficacy of teduglutide in
children is similar to, if not better than, its efficacy in adults.
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B.2.6.5.1 Results from C14

In C14, 26 patients received teduglutide 0.05 mg/kg/day and 11 patients received
standard care for 24 weeks. Importantly, there was no randomisation when allocating
patients to teduglutide or standard care. No statistical hypothesis testing was pre-
specified in C14, and the study was not powered for any analyses beyond
descriptive statistics.

The primary endpoint in C14 was the percentage of patients achieving a clinical
response, defined as a 220% reduction in parenteral support (PS) volume at week
24 in the intent-to-treat population (all enrolled patients)’®:

e Teduglutide 0.05 mg/kg/day group: 69% (n=18/26) achieved a clinical
response

e Teduglutide 0.025 mg/kg/day group: 54% (n=13/24) achieved a clinical
response

e Standard care group: 11% (n=1/11) achieved a clinical response

Patients receiving teduglutide achieved reductions of days per week on PS (mean -
1.3 days per week at week 24 for patients receiving teduglutide 0.05 mg/kg/day)
whilst standard care patients did not (Table 18). Reductions in PS volume over the
course of the study were recorded for patients receiving both teduglutide doses
(Figure 17, next page).

Table 18: Change in days per week of PS in C14

Mean days per week on PS (£ SD)

Baseline (days per
week)

Change from
baseline at week 24
(days per week)

Teduglutide 0.05 mg/kg/day (n=26) 6.6 £0.79 -1.3+£0.79
Teduglutide 0.025 mg/kg/day (n=24) 6.5+ 1.10 -0.9+1.78
Standard care (n=11) 6.6 £1.33 0

Notes: None

Source: C14 primary publication”

Abbreviations: PS, parenteral support; SD, standard deviation

In addition, 3 patients (12%) in the teduglutide 0.05 mg/kg/day cohort and 2 patients
(8%) in the teduglutide 0.025 mg/kg/day cohort gained independence from PS during
the study. None of the patients who received standard care were able to reduce days
per week of PS.
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Figure 17 Change in PS volume from baseline by treatment arm; study C14
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Abbreviations: PS, parenteral support; SEM, standard error of the mean; SOC, standard
of care

Notes:

an=9 (except n=8 week 4-9; n=7 week 10, 25-26, 28)

bn=20 (except n=19 week 1, 11, 14, 16, 17, 20, 22, 23, 25, 26; n=18 week 28; n=17 week
27)

cn=25 (except n=24 week 1, 11, 12, 26; n=23 week 20, 22, 23, 25; n=22 week 27, 28)

Source: C14 primary publication”

Our clinical SLR also identified a single published study that focused specifically on
the real-world experience of teduglutide 0.05 mg/kg/day in children with SBS (a
Spanish non-interventional study in 8 sites including 17 patients). Akin to C14, this
study provided guidance for PS weaning, however implementation of the guidance
was at the discretion of the investigator. Results are shown in Table 19 (next page)
and baseline characteristics in Appendix L.

A naive comparison of paediatric data (from C14 and the real world study) with adult
data (from STEPS) suggests that a similar proportion of adults and children receiving
teduglutide 0.05 mg/kg/day achieve a clinical response (220% PS volume reduction),
but it appears that at week 24 children are more capable than adults of gaining
complete independence from PS within that time (Table 19, next page).
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Table 19: Comparison of results in C14, a real-world study in children and
STEPS for patients receiving teduglutide 0.05 mg/kg/day

C14

Real-world study
in children

STEPS

% of patients with 220% PS
volume reduction at week 24

69% (n=18/26)

Mean % change in PS
volume at week 24 compared
to baseline

87% (n=13/15)

69% (n=27/39)

-42% (I

Not reported

-32% (SD 19%)

Mean reduction in days per
week of PS at week 24
compared to baseline

~1.3 (SD 2.24)

Not reported

% of patients gaining
independence from PS by
week 24 (100% PS volume
reduction)

12% (n=3/26)

44% (n=7/16)

0%

the mean

publication’?

Abbreviations: PS, parenteral support; SD, standard deviation; SEM, standard error of

Source: C14 primary publication”®; Ramos Boluda et al. 2020'%4; STEPS primary

Additionally, in the real world study, 11 of 16 children (69%) who completed 12
months of teduglutide treatment achieved total independence from PS. These results
were specifically highlighted by the NHS England Paediatric Medicine Clinical

Reference Group':

“Real life data in children has been published to show that outcomes in children are
more favourable than that seen in published clinical trials and no new safety
concerns have been reported”

B.2.6.5.2 Results from C13

Study C13 recruited fewer patients to receive teduglutide 0.05 mg/kg/day than C14
(n=15 vs n=26 respectively), and was also of shorter duration (12 weeks vs 24
weeks), but still illustrates the efficacy of teduglutide in children with SBS-IF.

The study also showed reductions in PS volume over the course of 12 weeks
(Figure 18, next page), consistent with results from C14.
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Figure 18 Change in PS volume from baseline split by teduglutide dose
received; C13
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soc- 0 0 0 0 0 0 0 0 0 17 0 0 0 0
(0,0) (0,0) (-28,0) (-29,0) (-29,0) (-28,0) (-29,0) (-29,0) (-29,15) (0,31) (-5,31) (=5.24) (-5,24) (~15,24)
0 0 0 0 0 0 0 0 0 0 0 -1 0 2
0o125mokald (0" (90)  (0,0)  (0.1) (-17,0) (-17.1) (-17,0) (-58,0) (-58,0) (-58,0) (-58,0) (-58,0) (-58,0) (-58,0)
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0.025mgkg/dt (0 0) (~33,0) (—42,0) (-42,0) (-54.0) (-54,0) (-63.0) (-75.0) (~75.0) (-81.0) (-81.0) (=100.0) (-100,0) (~100,3)
0.05 mgkgt O 0 0 -4 —12 16 -18 14 16 25 25 25 25 18
05 mg (0,0) (60, 0) (60, 14) (60, 14) (~100, 14) (~100,14) (~100, 14) (~100, 14) (~100, 14) (~100,14) (-100,8) (-100,8) (~100,8) (~100,24)

Abbreviations: PN, parenteral nutrition; SOC, standard of care

Notes:

*n=5 (except n=4 at week 5)

n=8 (except n=6 at week 11 and n=7 at weeks 1, 4-10, 12, and 16)
*n=14 (except n=13 at week 12)

Sn=15 (except n=14 at weeks 7, 9-12, and 16)

Source: C13 primary publication®'

Further efficacy data from C13 can be found in Appendix L, along with data from the
two paediatric extension studies (SHP633-303 and SHP633-304).

B.2.7 Subgroup analysis

Analyses of subgroups likely to derive greater benefit from teduglutide have
produced mixed results. As discussed above (B.2.6.5.1), children appear to have
more potential to gain independence from parenteral support (PS) with teduglutide,
although no published studies address this question. Real-world evidence®” and a
post-hoc analysis of STEPS'% found that higher baseline PS volume was a predictor
of better response to teduglutide. A second post-hoc analysis of the STEPS, STEPS-
2 and STEPS-3 studies found that patients with lower baseline PS needs were more
likely to wean off PS'92, On the other hand, a pooled analysis of data from STEPS,
STEPS-2, STEPS-3, 004 and 005" found no characteristics to be predictive of
weaning off PS.

Company evidence submission template for teduglutide for treating short bowel syndrome
[ID3937]

© Takeda UK Ltd. (2021). All rights reserved Page 79 of 166



The teduglutide European Public Assessment Report (EPAR) states: “Considering
the rarity and heterogeneity of the disease it was not considered useful to define
subgroups of patients. The experts advised that patients with higher volume
requirements can possibly benefit from a significant reduction of PN/I.V. [PS] fluid
and patients with lower requirements might have the chance to be weaned off
completely.”

In line with the EPAR, we have not presented any further subgroup data. Our model
also does not define subgroups of patients with short bowel syndrome with type 3
intestinal failure (SBS-IF) that may derive additional benefit from teduglutide (with the
exception of performing a paediatric-specific base case analysis, see B.3.2.1).

B.2.8 Meta-analysis

Results from a real-world setting show that the effectiveness of teduglutide is likely to
surpass the efficacy observed in the STEPS clinical trials. In B.2.6.4, we
descriptively presented data from published real-world evidence and Patient Support
Programme (PSP) data, alongside data from STEPS and STEPS-2 for reference. To
provide a robust statistical comparison of the efficacy of teduglutide in clinical trials
and effectiveness in the real-world, we performed a meta-analysis to provide a
pooled estimate from published real-world evidence and formally compare this to
results from the PSP and STEPS/STEPS-2.

To estimate the effectiveness of teduglutide in the real-world, we used eight
published studies identified by our clinical/real-world systematic literature reviews
(SLRs; see B.2.2.2;
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Table 7); the same ones as were used in our descriptive comparison (B.2.6.4.1).
The outcomes of interest were the percentage of patients achieving a clinical
response (220% reduction in parenteral support [PS] volume) and the percentage of
patients gaining independence from PS (100% reduction in PS volume), evaluated at
6 months and 12 months. We chose these outcomes and timepoints as they were
the most widely reported across the eight studies. The eight studies were meta-
analysed using a generalised linear mixed model to obtain pooled estimates using
both fixed-effect and random-effect models. The pooled summary results of the
published real-world studies from the meta-analysis were statistically compared to
equivalent results from STEPS/STEPS-2 and from the PSP.
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Figure 19 Summary of meta-analysis results: 220% reduction in PS volume at
month 12

Company evidence submission template for teduglutide for treating short bowel syndrome
[ID3937]

© Takeda UK Ltd. (2021). All rights reserved Page 82 of 166




Figure 20 Summary of meta-analysis results: 100% reduction in PS volume at
month 12
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B.2.9 Indirect and mixed treatment comparisons

We did not perform any indirect or mixed treatment comparisons. This is because
the only relevant comparator to teduglutide is standard care (PS), and data from
STEPS and 004 (see B.2.6.1) directly compare teduglutide and standard care. We
did not indirectly compare STEPS and 004 as the comparator groups are not
equivalent due to the different weaning algorithms used (see B.2.6.1.3).

B.2.10 Adverse reactions

In general, teduglutide is well tolerated in adults and children, with a safety profile
that clinicians consider manageable.

B.2.10.1 Safety results with teduglutide in adults

In clinical trials, teduglutide was well-tolerated in adult patients, with a broadly similar
adverse event profile compared to patients treated with placebo'®. Table 20 shows
data pooled from STEPS, STEPS-2, 004 and 005, representing exposure to
teduglutide for 173 patients (134 received 0.05 mg/kg/day, 39 received 0.10
mg/kg/day) totalling 222 person-years. Overall the frequency and severity of adverse
events and serious adverse events were similar between patients treated with
teduglutide and patients treated with placebo.

Table 20: Safety outcomes with teduglutide in adults; pooled data from STEPS,
STEPS-2, 004 and 005

Teduglutide group, Teduglutide Placebo group,
RCT + extensions group, RCTs (STEPS +
(STEPS, STEPS-2, 004, RCTs (STEPS + | 004) only
005) 004) only
N=173 N=109 N=59
Safety parameter, n (%)
At least one adverse event 167 (96.5) 99 (90.8) 49 (83.1)
Adverse event severity*
Mild 151 (87.3) 84 (77.1) 45 (76.3)
Moderate 140 (80.0) 74 (67.9) 34 (57.6)
Severe 83 (48.0) 31 (28.4) 16 (27.1)
Any serious adverse event 101 (58.4) 39 (35.8) 17 (28.8)
Serious adverse event
severity*
Mild 29 (16.8) 13 (11.9) 5(8.5)
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death

Teduglutide group, Teduglutide Placebo group,
RCT + extensions group, RCTs (STEPS +
(STEPS, STEPS-2, 004, RCTs (STEPS + | 004) only

005) 004) only

N=173 N=109 N=59

Moderate 59 (34.1) 18 (16.5) 7(11.9)

Severe 56 (32.4) 16 (14.7) 8 (13.6)
Adverse events leading to 34 (19.7) 10 (9.2) 4 (6.8)
discontinuation
Adverse events leading to 3(1.7) 0 0

Adverse event grouping’ or adverse event preferred term occurring in at least 5% of
patients in teduglutide RCT + extension group, n (%)

Gastrointestinal stoma 31 (45.6) 17 (37.8) 3(13.6)
complications?

Abdominal paint 72 (41.6) 42 (38.5) 16 (27.1)
Upper respiratory tract 50 (28.9 30 (27.5) 8 (13.6)
infection

Catheter sepsis eventst 47 (27.2) 17 (15.6) 10 (16.9)
Nausea’ 46 (26.6) 29 (26.6) 12 (20.3)
Headaches’ 35 (20.2) 18 (16.5) 9(15.3)
Asthenic conditions® 35 (20.2) 14 (12.8) 7(11.9)
Injection site reactions® 33 (19.1) 22 (20.2) 7(11.9)
Abdominal distension 32 (18.5) 18 (16.5) 1(1.7)
Urinary tract infections® 32 (18.5) 17 (15.6) 10 (16.9)
Catheter site—related 29 (16.8) 9(8.3) 8 (13.6)
reactions’

Febrile disorders’ 29 (16.8) 10 (9.2) 7(11.9)
Vomiting 26 (15.0) 15 (13.8) 6(10.2)
Weight decreased? 26 (15.0) 2(1.8) 6 (10.2)
Musculoskeletal paint 25 (14.5) 8 (7.3) 6 (10.2)
Diarrhoeaf 24 (13.9) 7 (6.4) 7(11.9)
Fluid overload?® 23 (13.3) 11 (10.1) 4 (6.8)
Hypersensitivity™ 21 (12.1) 9 (8.3) 3(5.1)
Flatulence 19 (11.0) 9 (8.3) 4 (6.8)
Cognition and attention 17 (9.8) 5(4.6) 4 (6.8)
disorders and disturbances’

Dehydration 17 (9.8) 4 (3.7) 5(8.5)
Arthralgia 15 (8.7) 7(6.4) 3(5.1)
Muscle spasms 15 (8.7) 4 (3.7) 4 (6.8)
Appetite disorders’ 14 (8.1) 8 (7.3) 2(3.4)
Biliary tract disorders’ 14 (8.1) 4 (3.7) 1(1.7)
Lower respiratory tract 13 (7.5) 6 (5.5) 3(5.1)
infection'

Skin haemorrhage® 13 (7.5) 5 (4.6) 1(1.7)
Gastrointestinal stenosis and | 12 (6.9) 6 (5.5) 0
obstruction®

Sleep disturbancest 10 (5.8) 6 (5.5) 0
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Teduglutide group, Teduglutide Placebo group,
RCT + extensions group, RCTs (STEPS +
(STEPS, STEPS-2, 004, RCTs (STEPS + | 004) only
005) 004) only
N=173 N=109 N=59
Depressive disorders’ 10 (5.8) 2 (1.8) 1(1.7)
Coughing and associated 9(5.2) 5 (4.6) 0
symptomst
Hepatic enzyme increased? 9(5.2) 4 (3.7) 2(3.4)
Pancreatic disorders NECT 9(5.2) 3(2.8) 1(1.7)
Contusion 9(5.2) 2(1.8) 0
Peripheral embolism and 9(5.2) 1(0.9) 2(3.4)
thrombosis®
Hot flush 9(5.2) 1(0.9) 0
Blood bicarbonate decreased | 9 (5.2) 0 0

Abbreviations: AE, adverse events; NEC, not elsewhere classified; RCT, randomised controlled
trial

Notes:

*Mild AEs were usually transient, requiring no special treatment and generally did not interfere
with daily activities. Moderate AEs impaired usual activities and required simple therapeutic action.
Severe AEs resulted in an interruption of usual activities and required vigorous therapeutic
intervention.

1The preferred terms in the AE groupings represent medically similar terms.

FPercentages calculated based on number of patients with a stoma (n = 45 for the RCT
teduglutide group; n = 68 for the RCT/extension teduglutide group; n = 22 for the RCT placebo
group).

Sources: Pape 2020'%°

The most commonly reported adverse events in the 173 patients pooled from four
clinical studies were gastrointestinal stoma complication (n=31 of 68 patients with
stoma; 45.6%), abdominal pain (n=72; 41.6%), upper respiratory tract infection
(n=50; 28.9%) and nausea (n=46; 26.6%). Adverse events that tended to be
reported more frequently in the STEPS/004 teduglutide group versus the STEPS/004
placebo group were abdominal pain (38.5% versus 27.1%), gastrointestinal stoma
complications (37.8% versus 13.6% in patients with stoma [n=45 and n=22,
respectively]), upper respiratory tract infection (27.5% versus 13.6%) and abdominal
distension (16.5% versus 1.7%).The adverse events observed were believed to be
mainly related to either the pro-absorptive and intestinotrophic effects of teduglutide,
insufficient parenteral support (PS) weaning or the underlying nature of short bowel
syndrome with type 3 intestinal failure (SBS-IF).

Three deaths occurred in adult patients receiving teduglutide; one was deemed
possibly treatment related. The treatment-related death was a case of metastatic
adenocarcinoma which may have been secondary to Hodgkin’'s lymphoma treated
with chemotherapy and radiotherapy. A causal relationship with teduglutide
treatment could not be ruled out; as a result, this malignancy was reported as related
to treatment. The other two deaths, neither deemed treatment-related, were due to
lung cancer and to catheter-related sepsis with urinary tract infection. A third
instance of cancer (in addition to the adenocarcinoma and lung cancer described
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above) was reported: a case of planocellular carcinoma of the lung in which a causal
relationship with teduglutide could not be ruled out.

Although there were only three cancer reports in 222 person-years with teduglutide
treatment, it was not possible to determine if this rate of events was higher than
could be expected for a similar teduglutide-treated population. From the theoretical
point of view, teduglutide being a growth factor (and inducing epithelial hyperplasia)
raises some concern of induction and/or promotion of benign and/or malignant
tumours. As a result, a risk management plan is in place to minimise the risks
presented by any adverse events associated with teduglutide use and to closely
monitor patients for any signs of gastrointestinal cancer®®.

B.2.10.1 Safety results with teduglutide in children

In general, the safety profile observed with teduglutide in children is similar to that
observed in adults. Table 21 shows data pooled from C13, SHP633-303, C14 and
SHP633-304, representing exposure to teduglutide for 89 children. The authors of
the publication describing this pooled data in children concluded:

“The spectrum of adverse events was also similar to that reported in a recent
integrated analysis of safety data from the adult clinical studies of teduglutide” [Pape
et al. 2020, presented in the above section B.2.10.1]

Table 21: Safety outcomes with teduglutide in children; pooled data from C13,
SHP633-303, C14 and SHP633-304

| Children receiving teduglutide (N=89)

Safety parameter, n (%)
Any adverse event 89 (100.0)
Adverse event severity

Mild 17 (19.1)

Moderate 36 (40.4)

Severe 36 (40.4)
Any adverse event related to teduglutide 35 (39.3)
Any serious adverse event 69 (77.5)
Any serious adverse event related to teduglutide 3(3.4)
Adverse events leading to discontinuation 2(2.2)
Adverse events leading to death 1(1.1)
Adverse events occurring in at least 5% of patients
Vomiting 46 (51.7)
Pyrexia 39 (43.8)
Upper respiratory tract infection 37 (41.6)
Cough 30 (33.7)
Device-related infection* 26 (29.2)
Abdominal pain 23 (25.8)
Diarrhoea 23 (25.8)
Headache 18 (20.2)
Nasopharyngitis 18 (20.2)
Viral infection 18 (20.2)
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Alanine aminotransferase increased 18 (20.2)
Nausea 15 (16.9)
Rash 15 (16.9)
Influenza 14 (15.7)
Dehydration 13 (14.6)
C-reactive protein increased 13 (14.6)
Device breakage* 13 (14.6)
Abdominal pain upper 12 (13.5)
Blood bicarbonate decreased 2 (13.5)
Abdominal distension 11 (12.4)
Device occlusion*® 0(11.2)
Fatigue 0(11.2)
Rhinorrhea 10 (11.2)
Abbreviations: PS, parenteral support

Notes:

Serious adverse events were defined as any medical event that required inpatient hospitalisation or
prolongation of hospitalisation, resulted in persistent or significant disability, was life-threatening,
resulted in death, or was judged by the investigator as an important medical event.

The medical assessment of severity was determined by using the following definitions. Mild — a
type of adverse event that is usually transient and may require only minimal treatment or
therapeutic intervention. The event does not generally interfere with usual activities of daily living.
Moderate — a type of adverse event that is usually alleviated with specific therapeutic intervention.
The event interferes with usual activities of daily living, causing discomfort but poses no significant
or permanent risk of harm to the research subject. Severe — a type of adverse event that interrupts
usual activities of daily living, or significantly affects clinical status, or may require intensive
therapeutic intervention.

*All device-related events were related to central venous catheters used to administer PS, not to
the teduglutide injection device.

Source: Hill 202010

Compared with safety results from the adult studies, upper respiratory adverse
events (cough, upper respiratory tract infection, nasopharyngitis, rhinorrhea, rhinitis,
nasal congestion), pyrexia, vomiting, and catheter complications (device breakage,
occlusion, and dislocation) were more common in the paediatric studies’'?, as might
be expected in a younger population'.

The most commonly reported adverse events in children were vomiting in 51.7% of
patients, pyrexia in 43.8%, upper respiratory tract infection in 41.6%, cough in
33.7%, and device-related (central venous catheter) infection 29.2%. Two patients
(2.2%) discontinued teduglutide treatment because of an adverse event; neither
event was considered related to teduglutide. Although pyrexia was reported
frequently (28.1%) as a serious adverse event, no instances of pyrexia were deemed
treatment-related. The most common adverse events considered related to
treatment were vomiting and abdominal pain.

One patient died during the paediatric clinical programme. In the context of severe
comorbid conditions and lack of response to teduglutide, treatment was discontinued
and the family also electively withdrew enteral and parenteral fluid and nutritional
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support. This death was considered by the investigator to be unrelated to teduglutide
treatment.

B.2.11 Ongoing studies

Two Takeda-sponsored studies with teduglutide in short bowel syndrome with type 3
intestinal failure (SBS-IF) are ongoing:

e NCTO04883606 (T-Rex): retrospective study of teduglutide in adults with SBS-
IF in Spain

e NCT03268811: an open-label study of teduglutide in Japanese children with
SBS. Extension study to SHP633-302 (see
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e Table 6, B.2.2.2)

B.2.12 Innovation

Teduglutide is the first and only pharmacological treatment approved to treat short
bowel syndrome with type 3 intestinal failure (SBS-IF) in the UK®. Unlike existing
therapies for SBS-IF that only manage symptoms of the disease, teduglutide has
demonstrated an ability to enhance intestinal adaptation, improve the absorptive
capacity of the intestine, increase nutrient absorption and enable patients to reduce
their reliance on parenteral support (PS)'.

B.2.12.1 Teduglutide is a step-change in SBS-IF management

For patients with SBS-IF, PS is currently a life-long and permanent restriction in most
patients’ lives, and offers no opportunity for restoration of the natural physiological
function of the intestine. There are no pharmacological options for SBS-IF which
address the underlying condition. Teduglutide is innovative as the first
pharmacological treatment to have been approved that improves the absorptive
capacity of the remaining intestine in order to reduce dependence on PS. Clinical
trials show that a third of patients (33%) are able to gain complete independence
from PS with teduglutide treatment for 30 consecutive months’3. In real-world
studies, PS independence occurred sooner than in STEPS: between 17% and 40%
of patients gained independence within a year of treatment®’. 88.96-101 For patients,
gaining independence from PS means a huge improvement in their ability to
socialise, travel, work and sleep; better mental wellbeing; a reduced burden on
intimate relationships; and freedom from medical issues and stress resulting from
serious PS-associated complications. It also means a huge improvement in the
quality of life of caregivers, who as a result of the care they provide suffer a lack of
social activities, difficulties with relationships, lost income and employment difficulties
and, in some cases, depression®°.

Representatives of patient advocacy groups talk of how gaining independence from
PS, “must feel like freedom has come at last’.

In children, the step-change that teduglutide represents is, if anything, greater. SBS-
IF, and its management with PS, is severely damaging to children’s physical*'-*3 and
mental®’- 52 development. Reducing children’s dependence on PS at a critical stage
of their growth gives them the best chance to develop into healthy adults as well as
to enjoy childhood. Reducing PS by even just one day per week provides the
opportunity to have a ‘sleepover’ with a friend or commit to an after-school activity;
we hear anecdotally of children getting excited about being able to take up weekly
ballet lessons for the first time. Gaining independence from PS and having their
central line removed provides even more freedom from the risk of infection and the
opportunity to enjoy childhood; families tell us this means their child can do things
like have swimming lessons for the first time, go paddling in the sea, and have a
‘normal’ child’s bedroom free from medical equipment.
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B.2.12.2 Benefits of treatment not captured by our model

B.2.6.12.1 Underestimated benefit to children

Our economic model is likely to underestimate the benefits of teduglutide in children.
Our approach to modelling paediatric patients is discussed in more detail in section
B.3.2.1; in summary we have assumed the same extent and rate of PS weaning as
in adults, but longer survival times, two caregivers per patient (rather than one as for
adults) and higher costs for certain complications. This approach likely results in an
underestimated treatment benefit, underestimated cost saving and overestimated
treatment cost.

As discussed in B.2.6.5, efficacy results with teduglutide in children are likely to be
greater than those seen in adults; we see greater proportions of children gain
independence from PS, and more quickly in C14 than in STEPS. This is because in
children, increasing enteral nutrition further promotes intestinal adaptation®”- 8. As
our model links PS consumption with caregiver requirements and clinical feedback
suggests that children are likely to have higher caregiver requirements, our model
also underestimates the utility gain for children’s caregivers. Furthermore, clinical
feedback suggests that children are likely to suffer from more complications related
to the use of PS (e.g. liver disease) and spend longer in hospital while these resolve,
compared to adults. In addition, our model assumes all children use the teduglutide 5
mg vial, whereas in the real-world, children who weigh less than 20 kg would be able
to use the smaller 1.25 mg vial', which has 50% lower cost. Taken together, it is
likely that our model underestimates cost savings, overestimates treatment costs
and underestimates the treatment benefit of teduglutide in children.

B.2.6.12.2 Reductions in PS volume but not days

Our economic model focuses only on reductions in days per week of PS, because
this is a highly relevant outcome correlated with improvement in quality of life for
patients with SBS-IF®3 64, |t is likely however that reducing volume of PS, and
therefore time each night hooked up to a machine, will also be of benefit to patients.
Considering data from STEPS and STEPS-2, after 30 months of continuous
teduglutide treatment, n=21/30 patients reduced PS by at least one day per week,
whereas n=28/30 had achieved a 20% or greater reduction in PS volume.

. Our model assumes no benefit for these
patients, even though some treatment benefit is likely. There may even be some
patients who would prefer to spend fewer hours connected to a machine each night
than to receive a full day off PS entirely, although feedback from our advisory board
suggested that this desire was uncommon. The benefits of teduglutide to these
patients will also be underestimated by our model.

B.2.6.12.3 Productivity gains

By reducing PS, and the associated burdens that go with it (such as fatigue),
patients work productivity is likely to improve (productivity gains are not part of the
NICE reference case, and so not captured in our model''?). A notable example

would be work productivity or school performance for patients, and also work
productvity for caregivers. I
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-. It is worth noting that adults with SBS-IF are typically in their 50s, which

is for many the peak years of their career. Carers report missing 90 days per working
year®®. School performance in children is also adversely affected by their disease®3;
and furthermore children have their whole adult lives ahead of them to provide
contributions to society.

B.2.6.12.4 General wellbeing

At an advisory board three expert UK-based clinicians with experience of teduglutide
stated that their patients report an increased feeling of wellbeing and greater muscle
mass with teduglutide treatment®2. One clinician described a young patient who went
from having a dirty nappy 12 times a day to 4 times a day after starting teduglutide
62_ The disruption that changing nappies and soiled oultfits this regularly caused to
their parents was immense, to the point that they didn’t feel as though they could
leave the house. These ‘general wellbeing’ improvements achieved among patients
treated with teduglutide and their caregivers are unlikely to be captured because
quality of life instruments for this population are not sensitive enough to these issues.

B.2.13 Interpretation of clinical effectiveness and safety evidence

Parenteral support (PS) is a critical life-extending treatment for patients with short
bowel syndrome and type 3 intestinal failure (SBS-IF). It is a high-tech, sophisticated
and complex treatment that requires multidisciplinary input and expertise to
administer. On the one hand, PS allows patients with SBS-IF to manage a condition
that would otherwise be fatal. On the other, patients receiving PS typically spend
over ten hours per night connected to a disruptive medical device for a number of (if
not all) nights of the week. PS severely impairs the social lives, sleep, ability to work
and ability to maintain relationships of those who receive it. Despite its life-extending
capacity, PS represents a large quality of life burden for patients with SBS-IF, and for
their caregivers and families.

Each day per week that patients with SBS-IF spend free of PS results in a
statistically significant improvement in their quality of life''3. Reducing days of PS per
week (while maintaining a healthy nutritional and fluid balance) is therefore a key
treatment goal. When asked at an advisory board, three leading clinicians in the
management of SBS in the UK stated that what patients with SBS-IF will ask for is
an extra day free of PS. For patients, gaining independence from PS means a huge
improvement in their ability to socialise, travel, work and sleep; better mental
wellbeing; a reduced burden on intimate relationships; and freedom from medical
issues and stress resulting from serious PS-associated complications.

In the clinical data we have presented, teduglutide was able to consistently achieve a
reduction in days per week of PS for patients with SBS-IF. In particular, the data
demonstrates five key points, which we elaborate on below:

e Teduglutide is more effective than placebo in reducing the PS requirements of
adults with SBS-IF; this difference is statistically significant and clinically
meaningful

e With longer-term treatment, the efficacy of teduglutide is enhanced in adults
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¢ In a real-world setting, patients receiving teduglutide are able to reduce PS
intake to a greater extent than observed in clinical trials, and more patients
are able to achieve complete independence from PS

e Teduglutide has a manageable safety profile and is well-tolerated in adults

¢ In children teduglutide shows a similar safety profile, and evidence suggests
children are more capable than adults of gaining independence from PS with
teduglutide

B.2.13.1 Teduglutide is more effective than placebo in adults with SBS-IF

In STEPS teduglutide 0.05 mg/kg/day was associated with a statistically significant
improvement in the trial's pre-defined primary endpoint compared to placebo:

e 63% of patients achieved a 220% reduction in PS volume at week 20
maintained until week 24 with teduglutide 0.05 mg/kg/day

e vs 30% with placebo (risk ratio 2.077 [95% CI 1.25 to 3.46]; p=0.002 for
comparison)

In 004, a post-hoc analysis of the primary endpoint comparing placebo to only the
licensed dose of teduglutide (0.05 mg/kg/day) met the threshold for statistical
significance:
e 46% of patients receiving teduglutide 0.05 mg/kg/day had a graded response
score 21 (graded response score 21 is equivalent to the primary endpoint of

STEPS; in section B.2.6.1.2, see
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e Table 12 for details of the graded response score and Figure 9 for results)
e vs 6% with placebo (p=0.007 for comparison)

These are high-quality randomised controlled trials, which pass all items on the
Centre for Reviews and Dissemination 2008 criteria for assessment of risk of bias in
randomised controlled trials (see Appendix D). The studies have high internal
validity, and enable us to confidently say that the difference in outcomes between the
placebo and teduglutide 0.05 mg/kg/day arms relates to the treatment effect of
teduglutide.

The teduglutide European Public Assessment Report (EPAR) considered the results
of 004 ‘hypothesis generating’ on the basis that the primary endpoint (involving the
unlicensed dose) was not met®8. Given this, and coupled with the unduly restrictive
PS weaning algorithm which severely limits the external validity of the study (see
B.2.6.1.3 for more discussion), we believe it is appropriate to not focus on 004 in this
review of the clinical evidence.

Data from STEPS have better external validity. In relation to the present decision
problem, the STEPS data show that teduglutide 0.05 mg/kg/day (the intervention of
interest) is more efficacious than placebo (a substitute for the comparator of interest,
standard care) in a primary subpopulation of interest (adults with SBS-IF). The adult
population enrolled in STEPS was similar in characteristics, disease aetiology and
baseline PS consumption to the adult SBS-IF population in the UK (see Appendix
L.1.1.1 for comparison), suggesting these results are applicable to the NHS.

However, STEPS underestimates the benefit of teduglutide with respect to standard
care for two reasons. Firstly the PS weaning algorithm used in STEPS imposed
significant constraints on the magnitude and timing of PS reductions, and is
conservative relative to real world practice (see B.2.6.1.3 for more discussion). This
was confirmed by clinicians with both clinical trial and real-world experience of
teduglutide at an advisory board®?. Correspondingly, we see patients gain
independence from PS more rapidly when treated with teduglutide in the real world
(see B.2.6.4.1), a finding confirmed by other global leaders in SBS-IF management:

“In our “real-life” experience of the weaning process, fluid intake and urine output
monitoring could be less strict than in the published trials, allowing more freedom in
PS reduction™’

“When compared with the STEPS study series, in which enteral independence
required >6 months of teduglutide therapy, we have demonstrated more rapid gains
in PS reduction and achievement of enteral independence likely as a result of the
less strict optimization protocols when compared with the clinical trials.”®

Secondly, the placebo results in STEPS overestimate the benefit that would be
expected for patients receiving standard care. Patients receiving placebo in STEPS
reduced their PS requirements which would not be expected in stable patients who
are no longer capable of spontaneous intestinal adaption.
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. As a result, it is not appropriate to base
assumptions with regards to standard care on the placebo data from STEPS.

Given the efficacy of teduglutide in STEPS, it is perhaps surprising that no significant
differences (compared to placebo) in patient quality of life were directly observed. In
STEPS, the SBS-QolL tool was used to evaluate patient quality of life. While it was
noted in the EPAR that this was the best tool available to assess quality of life for
patients with SBS-IF, it was also noted that the tool was not sensitive and may not
adequately capture quality of life in a small and highly heterogenous population®®
(see B.2.6.3 for further discussion).

In line with the primary endpoint, patients receiving teduglutide in STEPS were
significantly more likely to achieve 21 day per week off PS by the end of the trial
(week 24) than those receiving placebo; 53.8% (n=21/39) with teduglutide vs 23.1%
(n=9/39) for placebo (p=0.005). A reduction in days being ‘hooked up’ to an IV line is
an enormous benefit for patients. It principally represents days during which a patient
can feel like they have a normal social, family or personal life, and have improved
sleep uninterrupted by equipment alarms or the need to urinate. A reduction of a day
per week of PS represents a measurable quality of life gain for patients®3 6% 113,
Three national expert clinicians at an advisory board unanimously confirmed that
patients with SBS-IF consistently seek an extra day free of PS, and that this result
from STEPS is highly meaningful®?.

B.2.13.2 With longer-term treatment, the efficacy of teduglutide is enhanced in
adults

In STEPS-2, which provided a further 24 months of teduglutide treatment (up to a
total of 30 months), patients continued to reduce their PS requirements and a
substantial proportion gained total independence from PS (see section B.2.6.2.1).

_. Compared to 24 weeks of treatment in STEPS,

where 54% (n=21/39) of patients achieved at least one day off PS and no one
gained independence, STEPS-2 shows that teduglutide can continue to provide
substantial clinical benefit with longer-term treatment.

The follow-up data from STEPS-2 can be interpreted with similar confidence to the
teduglutide data from STEPS. STEPS-2 included the same population as STEPS (37
of 43 patients who were enrolled in the teduglutide arm of STEPS enrolled in
STEPS-2), and the intervention and endpoints were in-line with those specified by
the present decision problem. The internal validity of STEPS-2 is somewhat limited
by the lack of a comparator arm. However, given that we would not expect patients
receiving standard care to be able to reduce their PS, we can attribute the continued
PS reductions observed in STEPS-2 to teduglutide treatment.
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STEPS-2 also used the same conservative PS weaning algorithm as applied in
STEPS, although the timepoints at which reductions could be made were less
frequent in STEPS-2 (every ~4 weeks in STEPS and every ~3 months in STEPS-2).
This conservative PS weaning algorithm limits the external validity of STEPS, and
the problem is therefore more acute with STEPS-2. With real-world teduglutide
treatment, clinicians commonly wean patients off PS earlier and more aggressively
than was seen in either STEPS or STEPS-2.

Data from STEPS-3 are supplementary to the above conclusions drawn from
STEPS-2. STEPS-3 was a small, single-arm trial (n=12) and patients had varying
lengths of follow-up, limiting the internal validity of the study and the conclusions that
can be drawn about PS volume reductions over up to an additional 12 months
treatment (see B.2.6.2.2). However, reductions in PS volume continued

suggesting that teduglutide offers clinical benefit beyond 2 years of treatment.

B.2.13.3 In a real-world setting, patients receiving teduglutide are able to
reduce PS intake to a greater extent than observed in clinical trials, and more
patients are able to achieve complete independence from PS

An explanation for the difference in results when considering the proportion of
patients achieving clinical response and gaining independence from PS may be
found in considering the PS weaning algorithm used in STEPS and STEPS-2. The
algorithm for reducing PS volume was’? 73:

Condition: if urine volumes during the preceding 48 hours were 210% above
baseline, PS volume could be reduced

Magnitude: PS volume could be reduced by between 10-30% of baseline PS
volume at each visit (every ~4 weeks in STEPS and every ~12 weeks in STEPS-2)

In real-world practice, PS weaning is at the discretion of the treating clinician in
consultation with their patient8’: 88,

Following the STEPS algorithm, a clinical response (220% reduction from baseline
PS volume) could be achieved in a single study visit, assuming the urine volume
condition was met. The STEPS algorithm therefore was unlikely to inhibit achieving
clinical response, and so it follows that clinical response results seen in
STEPS/STEPS-2 are in line with real-world evidence (Figure 14). However, to
achieve complete independence from PS following the STEPS algorithm took a
minimum of four study visits (the fastest possible means of gaining independence
from PS required reductions of 30%, 30%, 30% and 10% [all percentages of
baseline PS]) with the urine volume condition having to be met on each occasion.
This algorithm prohibited patients gaining independence from PS before at least
week 12 and is likely to have inhibited achieving PS independence even beyond that
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timepoint; correspondingly we see that the proportions of patients weaning
completely off PS in STEPS and STEPS-2 are lower than the equivalent proportions
achieving independence in the real-world (Figure 15).

The real-world studies and PSP data support our assertion that the conservative PS
weaning algorithm used in STEPS and STEPS-2 inhibited the observed efficacy of
teduglutide, and that the effectiveness of teduglutide is greater in real-world practice
where weaning is at the discretion of clinicians in consultation with their patients. The
international expert authors of Joly 2020 and Puello 2020 validate this in their
conclusions:

“In our “real-life” experience of the weaning process, fluid intake and urine output
monitoring could be less strict than in the published trials, allowing more freedom in
PS reduction” &7

“When compared with the STEPS study series, in which enteral independence
required >6 months of teduglutide therapy, we have demonstrated more rapid gains
in PS reduction and achievement of enteral independence likely as a result of the
less strict optimization protocols when compared with the clinical trials.”®®

The better results obtainable in real-world settings were also noted in a recent review
of PS weaning in patients with SBS-IF:

“The number of patients fully weaned from [PS] was much higher in the retrospective
studies [real-world] (20%—61%) versus phase 3 clinical trials (<15%).”14

This published real-world evidence and PSP data is highly relevant to the decision
problem as it illustrates how the intervention of interest (teduglutide 0.05 mg/kg/day)
is likely to perform in a primary subpopulation of interest (adults with SBS-IF) in a
real-world setting akin to the UK. Indeed, the PSP data represents an unbiased
reflection of real-world outcomes for an entire national population of patients treated
with teduglutide; furthermore, a population that is a relevant comparator to the UK.
The PSP data therefore can be considered to have a very high level of external
validity (further confirmed results of the meta-analysis as described above). These
results also support our rationale for including the PSP data in our economic model
(alongside STEPS/STEPS-2 data). This is because the PSP data are more reflective
than STEPS/STEPS-2 of the results that are attainable with teduglutide in the real-
world, and therefore the results that could be expected were teduglutide available on
the NHS. This approach strikes an appropriate balance between leveraging rigorous
randomised controlled trial data and leveraging data with higher external validity (see
B.3.3.1 for further discussion).
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The main limitation of these real-world data are the lack of comparator arms, the size
of the real-world studies (as many as 54 and as few as 4 patients) and the
heterogeneity of their patient populations. However, with the SBS-IF population itself
being small and heterogenous, considering the body of real-world evidence as a
whole somewhat lessens this concern.

In summary, our analyses suggests that the real-world effectiveness of teduglutide is
likely to surpass the efficacy observed in clinical trials.

B.2.13.4 Teduglutide has a manageable safety profile and is well-tolerated in
adults

Overall, teduglutide was generally well tolerated, with a broadly similar overall
adverse event profile in the two phase 3 randomised controlled trials in adults
(STEPS and 004, see B.2.10.1, Table 20), compared with placebo-treated patients.
Furthermore, across the long-term extension studies in adults, the reported safety
profile was in line with the initial randomised controlled trials.

The most notable adverse events in adults were related to the gastrointestinal tract
(including abdominal pain, constipation, bowel obstruction, stoma complications, and
ileus) and biliary problems including cholecystitis. These adverse events would be
expected given the mechanism of action of teduglutide and nature of SBS-IF. The
risks are well-known and considered manageable as described in the risk
management plan.

In a pooled analysis of STEPS, STEPS-2, 004 and 005, the authors concluded that
the overall occurrence of adverse events was similar with teduglutide and placebo (in
STEPS and 004). They also concluded that the most common adverse events with
teduglutide were gastrointestinal in nature, consistent with the underlying disease,
it's management, and the intestinotrophic action of teduglutide. The authors noted
that gastrointestinal adverse events tended to be more frequent earlier in the course
of teduglutide treatment’®.

In reference to the observed safety profile in adults, the CHMP noted: “effects
obviously directly related to the pharmacodynamic action of the compound may lead
to a relatively high burden of treatment withdrawals, and serious, and sometimes
severe adverse events. Considering the serious and disabling nature of condition
with a considerable impact on quality of life and only limited symptomatic treatment
options, this adverse event profile is considered acceptable.©®

B.2.13.5 In children, teduglutide shows a similar safety profile, and evidence
suggests children are more capable than adults of gaining independence from
PS with teduglutide

Data for paediatric patients are drawn primarily from the phase 3 trial C14. This
study has high external validity: the inclusion and exclusion criteria of C14 define a
subpopulation in line with the decision problem of this submission (children with
SBS-IF), the study considers the intervention of interest (teduglutide 0.05
mg/kg/day), and no PS weaning algorithm was enforced, reflective of real-world
practice. However, for patient safety and ethical reasons, C14 was not designed with
to facilitate a robust comparison with standard care, limiting the internal validity of the

Company evidence submission template for teduglutide for treating short bowel syndrome
[ID3937]

© Takeda UK Ltd. (2021). All rights reserved Page 98 of 166



study and our ability to draw firm conclusions from these data. A standard care
cohort does feature, however entry in to this cohort was by patient (/family) choice
rather than by randomisation, and few patients/families (n=11) opted to receive
standard care. The number of patients receiving teduglutide 0.05 mg/kg/day was
also small (n=26), in part because C14 also investigated a second dose of
teduglutide (0.025 mg/kg/day). No formal statistical analyses were planned as limited
patient enrolment was expected to lead to a small patient population size.

Bearing in mind these limitations, C14 did show clinically meaningful reductions in
days per week of PS (mean reduction -1.3 days per week) and PS volume (mean
reduction of -42%) over the 24-week study duration for children receiving the
licensed dose of teduglutide (see full results in B.2.6.5.1). Three patients receiving
the licensed dose of teduglutide in C14 (12%) completely weaned off PS during the
24-week study. It is particularly notable that these results are all superior to
equivalent results from the 24-week STEPS study in adults with SBS-IF, where
teduglutide patients achieved a mean reduction in days per week of PS of B -
mean reduction in PS volume of -32% and no patients gained independence from
PS. This likely reflects children’s enhanced capacity for intestinal adaptation, but also
demonstrates the particular value of teduglutide to this patient population. A second
phase 3 trial in children, C13, provides evidence corroborating the results of C14.

While the data from C13 and C14 have limitations, the CHMP stated:

“...the durability and further course of the beneficial effects of teduglutide in
paediatric patients comprised by the indication can be reasonably assumed from the
effect seen in adults based on the totality of data in this rare disease.”'"®

As in adults, better results for teduglutide in children have been seen in the real-
world'%. Of particular note, 7 of 16 (44%) patients gained independence within 24
weeks, rising to 11 of 16 (69%) at one year. As previously stated, gaining
independence from PS is life changing for any patient. For children with SBS-IF, this
effect is greater: gaining independence from PS gives a child the opportunity to
properly grow and develop, both physically and psychologically, without the
debilitating constraint of being chained to an IV line overnight.

When the data from C14 and C13 were pooled alongside interim results from their
extension studies (SHP633-304 and SHP633-303, respectively) for the purpose of
safety evaluation, the authors noted that teduglutide was well tolerated in this
population. Compared to results in adults, upper respiratory adverse events (such as
cough, upper respiratory tract infection and nasopharyngitis), pyrexia, vomiting and
catheter complications were more common in children. The authors concluded that:

“The spectrum of adverse events was also similar to that reported in a recent
integrated analysis of safety data from the adult clinical studies of teduglutide™°,
referencing Pape et al. 20209 (discussed in B.2.13.4).

Based on these results we believe that, as in adults, teduglutide is well-tolerated in
children. Teduglutide also appears to be more effective in children than in adults,
and allows children a real chance to gain independence from PS at a critical stage in
their lives.
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B.3 Cost effectiveness

B.3.1 Published cost-effectiveness studies

Several systematic literature reviews (SLRs) were performed to identify relevant
cost-effectiveness studies. These were performed in line with NICE guidance in the
methods of technology appraisal, using a pre-prepared search strategy and multiple
reviewers assessing results (detailed in Appendix G). For the present submission, an
economic SLR, covering economic and healthcare resource use data for adults and
children with SBS-IF, was performed on 215t May 2021. Published cost effectiveness
studies are shown in Table 22.

Two of the identified studies, Raghu et al. 2020a and the 2016 CADTH
recommendation for teduglutide, both reported cost per QALY gained for teduglutide
compared to standard care for adult patients with SBS-IF, in line with the present
decision problem and NICE reference case. However, the populations of these
studies and costs used in the models are not in line with the NICE reference case.
Therefore, a de novo economic model was developed to assess the cost-
effectiveness of teduglutide compared to the current standard care from the
perspective of the UK NHS, in line with the criteria outlined in the NICE reference
case.
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Table 22. Summary of published cost-effectiveness studies

Study

Summary of model

Patient population

QALYs
(intervention,
comparator)

Costs (currency)
(intervention,
comparator)

ICER (per QALY
gained)

Roskott et al. 2015

Cohort-based
discrete event model

Model compared
survival for PS vs
intestinal transplant
over 10 years

Adults with type 3
intestinal failure (not
SBS-specific)

Not reported —
reported life-year
gains only

PS: €13,276 at
initiation and €77,652
annually

Intestinal transplant:
~€73,000 at initiation
and €13,000 annually

Not reported —
reported as cost per
life-year gained

Midliaccio-Walle et
al. 2006

Discrete event
simulation model

Model compared
costs for PS vs
somatropin (+PS)

Patients with SBS-IF

Not reported

PS: $251,033 over 2
years

Somatropin:
$165,559 over 2
years

Not reported

health states (PSO to
PS7 + dead)

were simulated to
start at age 40 years

years

$660,894

over 2 years (USD, 2004)
CADTH 2016 Markov state- Adults with SBS-IF Teduglutide: 3.82 Teduglutide: $1,600,145 per
(Canadian Drug transition model with years $3,584,110.57 QALY gained
Expert Committee 8 health states (PSO PS: 2.35 years PS: $1,227,500.40
Final to PS7 + dead)
Recomm_endation: Model compared (CAD, 2019)
Teduglutide) incremental cost-
utility ratio for
teduglutide (+PS) vs
PS over a 40-year
time horizon
Raghu et al. 2020a Markov model with 8 | Adults with SBS-IF No treatment: 6.7675 | No treatment: ICER (cost/QALY)
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Model compared and requiring 7 days | Teduglutide: 7.7665 | Teduglutide: TED vs no treatment:
teduglutide to no per week of PS years $1,609,853 $949,910
treatment over a (USD, 2018)
lifetime time horizon
Raghu et al. 2020b Markov model with 4 | Children with SBS-IF | Incremental QALYs *No TED + * TED + transplant vs

health states (PS7,
intestinal transplant,
post-transplant, PSO
+ dead)

Model compared 4
permutations of
teduglutide/no
teduglutide and
transplant/no
transplant

were simulated to
start at age 5 years
and requiring 7 days
per week of PS

* TED + transplant vs
no TED + transplant
(reference strategy):
8.95

* TED + no transplant
vs TED + transplant:
0.17

transplant (reference
strategy): $439,728

* TED + transplant:
$1,553,225

*TED + no
transplant:
$1,735,213

(USD, 2018)

no TED + transplant
(reference strategy):
$124,353

* TED + no transplant
vs TED + transplant:
$1,094,249

*No TED + no
transplant vs no TED
+ transplant
(reference strategy):
dominated by
reference strategy

Abbreviations: CAD, Canadian dollar; ICER, incremental cost-effectiveness ratio; PS, parenteral support; PS0, 0 days per week of PS; PS7,
7 days per week of PS; QALY, quality-adjusted life year; SBS, short bowel syndrome; SBS-IF, short bowel syndrome with type 3 intestinal
failure; TED, teduglutide; USD, United States Dollar

Sources: Studies identified by economic SLR16-120
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B.3.2 Economic analysis

A de novo economic model was constructed to assess the economic value of
teduglutide + parenteral support (PS) compared to standard care alone in the
population for which teduglutide is licensed (patients aged 1 year and above with
SBS-IF who are stable following a period of intestinal adaptation after surgery). The
economic analysis was developed to align with the NICE reference case by
conducting the analysis from a UK NHS perspective with costs and benefits
discounted at an annual rate of 3.5%. The design of the model is described in the
sections below.

B.3.2.1 Patient population

The analyses performed using the economic model aim to assess the cost-
effectiveness of teduglutide in the licensed population, as outlined in its marketing
authorisation’: patients aged 1 year and above with SBS-IF who are stable following
a period of intestinal adaptation after surgery.

Two separate base case analyses are presented to demonstrate the cost-
effectiveness of teduglutide in the adult (aged =18 years) and paediatric (aged 1-17
years) populations, respectively. This approach is appropriate as SBS-IF is a
disease with different aetiologies in children and adults, and the potential for
intestinal adaptation is greater in children (see B.1.3.3).

There is overlap in terms of the model inputs in the adult and paediatric base case
analyses. Mainly, the primary data sources used to inform the effectiveness of
teduglutide are the same in both. Both analyses use:

e The STEPS clinical trial programme, which recruited adults with SBS-IF on
PS =3 days per week (see B.2.3.1)

e Patient Support Programme data from Australia, which include adults with
SBS-IF (see B.2.3.3)

The two base cases analyses differ with respect to five inputs:
e Starting age: 50 years old in adults, 6 years old in children
e Time horizon: 50 years in adults, 94 years in children
e Paediatric-specific survival: see B.3.3.4.2

o Paediatric-specific hospital costs for specialised visits and line sepsis: see
B.3.5.2

Despite these input changes, made to better reflect the paediatric population, the
results of the paediatric base case analysis are still likely to underestimate the cost-
effectiveness of teduglutide in this population. There are several reasons for this:

e Data from the paediatric clinical trials suggest that children are able to achieve
greater reductions in PS when receiving teduglutide than adults (see B.2.6.5),
likely because children have an increased potential for intestinal adaptation.
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However, the paediatric clinical trial data is limited by small patient numbers
and non-continuous treatment in the follow-on studies. Therefore, our
paediatric base case analysis conservatively assumes the effectiveness of
teduglutide in children is the same as in adults

e Our model assumes that PS-related complications are less frequent when
patients reduce PS (following teduglutide treatment), and therefore, that
teduglutide generates cost savings from the reduced cost of treating
complications (see B.3.3.5). Of the complications modelled, catheter-related
infections and liver disease are known to be even more common in children
with SBS-IF than adults®® 4%, however, there are little data quantifying the
rates of these complications in children. Therefore, our paediatric base case
analysis conservatively assumes the same rates of complications in children
as in adults

e Children with a body weight less than 20 kg can use the smaller 1.25 mg vial
of teduglutide!, which has a ] lower cost than the 5 mg vial. By assuming all
children weigh 220 kg'?!, our paediatric base case overestimates treatment
costs, especially as many children with SBS-IF are born premature and have
a lower weight then age-matched ‘healthy’ counterparts

B.3.2.2 Model structure

The de novo economic model was developed using a Markov structure, with health
states defined by the number of days per week that patients are required to receive
parenteral support (PS), as well as whether patients are alive or dead. This model
structure was selected because the number of days per week of PS is the most
relevant outcome for patients with SBS-IF. This was confirmed by national leading
clinical experts in SBS-IF at an advisory board, who stated that reducing PS by a
single day per week is a meaningful endpoint for patients and an important treatment
goal. This is supported by the teduglutide EPAR, which states:

“One or more days without having to be chained to an i.v. line constitutes a real
benefit for the patient.”s®

The importance of reducing days per week of PS was also demonstrated using a
quality of life instrument designed specifically to capture the effect of PS on everyday
life (the PNIQ)®’, reduction in days per week of PS was found to be statistically
significantly correlated with improvement in quality of life among patients with type 3
intestinal failure®3. Similarly, a reduction of a single day of PS per week was
associated with a utility gain of 0.04—0.10 in two vignette studies®* 5.

Clinical trials of teduglutide have typically used a 20% reduction from baseline in
volumes of PS as their primary endpoint”> 76. This endpoint was agreed with
regulators as a 20% PS volume reduction equates to one day off PS per week for
most SBS-IF patients, who are typically receiving 25 days of PS per week. The
relationship between PS volume and patient quality of life is unclear, and none of the
studies identified by our quality of life SLR (see B.3.4.2) reported utility values by
volume of PS received, hence our model focuses on patients’ number of days of PS
per week alone.
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As each day off PS is meaningful for patients in terms of quality of life improvement,
our model has nine health states: one for 0 to 7 days of PS per week and one for
death (Figure 21).

Figure 21 Economic model structure

7 days of PS
per week
6 days of PS
per week
5 days of PS
per week
4 days of PS
per week
3 days of PS

per week

I 2 days of PS
Death per week
1 days of PS

per week

Independent

from PS

Abbreviations: PS, parenteral support

For the teduglutide treatment group in the model, these health-states are separated
into on-treatment and off-treatment patient flows to track how many patients are on
treatment in each health state over time. This allows the model to accurately account
for lost health benefits following treatment discontinuation and to apply treatment
costs appropriately.

Patients can start in any of the PS health states; however, this is dependent on the
data source and some health states may not be occupied initially. For example, no
participants in the STEPS trials started with a PS requirement of less than 3 days per
week. From the baseline health states, patients can transition by at most one-step
change (reducing only) in each 4-weekly model cycle. We chose this approach to
simplify our model, however clinicians in attendance at an advisory board confirmed
that allowing patients to reduce PS by at most one day a week in each 4 week cycle
was conservative, and that patients may reduce their PS by more than 1 day per
week over a 4 week period in the real-world®2.

Key features of the present economic analysis compared to previous appraisals are
shown in Table 23
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Table 23: Key features of the economic analysis compared to previous

appraisals

Previous
appraisals

Current appraisal

Factor

TA690
(previous
appraisal of
teduglutide)

Chosen
values

Justification

Starting
age

50 years

50 years (adult
base case)

6 years

(paediatric
base case)

Average age of the STEPS ftrial
population,” for the adult base case and the
C14 trial”® for the paediatric base case.

Time
horizon

40 years

50 years (adult
base case)

94 years

(Paediatric
base case

Assumed to represent a lifetime horizon
given an average adult patient age of ~50
years old,”> 76 and an average age in the
paediatric population of ~6 years’®.

Proportion
of female
patients

53.5%

53.5%

Based on the STEPS trial population.

Treatment
waning
effect?

No

No

There is no evidence to suggest that the
treatment effect of teduglutide wanes over
time. As discussed in section B.2.6.2,
teduglutide showed continued efficacy with
up to 42 months of treatment, underlined by
two patients weaning off PS after 126 and
130 weeks of treatment in STEPS-37%. No
neutralising antibodies to teduglutide were
observed in 88 patients treated for up to 30
months of treatment in STEPS-273.
Furthermore, as teduglutide allows patients
to increase enteral nutrition, and enteral
nutrition further promotes intestinal
adaptation, there is reason to believe the
effectiveness of teduglutide may increase
over time.

Source of
utilities

Ballinger et
al. 2018

Ballinger et al.
2018

Utilities from Ballinger et al. 2018""3 show
an improvement in quality of life with
reduced days on PS. Clinicians at an
advisory board stated that this finding is in-
line with their clinical experience. Data from
STEPS showed that quality of life peaked at
4 days per week of PS. This is nonsensical,
and these data are not appropriate to use
unless we believe patients want to increase
their PS from 1 day per week to 4 days per
week. Furthermore, quality of life data from
STEPS was captured using tools that were
not sensitive enough to detect quality of life
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improvements in this small heterogenous
patient population (discussed more in
B.3.4.1 and B.3.4.2).

Source of NHS NHS reference | As per the NICE methods guide''?
costs reference costs
costs

B.3.2.3 Intervention technology and comparators

B.3.2.3.1 Intervention (teduglutide)

Teduglutide is indicated for the treatment of patients aged 1 year and above with
SBS-IF who are stable following a period of intestinal adaptation after surgery.

Teduglutide is the first (and currently only) EMA-licensed pharmacological therapy
that has demonstrated an ability to improve the absorptive capacity of the intestine,
enhancing intestinal adaptation, increasing nutrient absorption and enabling patients
to reduce their reliance on PS.

Teduglutide is administered by subcutaneous injection once daily at alternating sites
between 1 of the 4 quadrants of the abdomen. The licensed dose is 0.05 mg/kg/day.
Teduglutide is given to patients with SBS-IF in addition to ‘standard care’, which
includes PS, antimotility and antisecretory agents, fluid restriction and dietary
optimisation.

B.3.2.3.2 Comparator (standard care)

The comparator for teduglutide in adults and children is standard care, which
includes PS, antimotility and antisecretory agents, fluid restriction and dietary
optimisation. Standard care in SBS-IF is a critical life-sustaining therapy, that is,
patients with SBS-IF would die of dehydration or malnutrition without PS. However
the current standard care provides only symptomatic relief and does not treat the
underlying disease. PS provides patients with sufficient nutrients and fluids, while the
symptom-relieving medication aims to reduce gastric acid secretion (e.g. H2 receptor
antagonists, proton pump inhibitors), motility and diarrhoea (e.g. loperamide,
diphenoxylate) and bacterial overgrowth (e.g. antibiotics, probiotics). Standard care
is an appropriate comparator to teduglutide as there are no other widely-used
treatment options for patients with SBS-IF.

Surgical interventions, specifically bowel lengthening surgery and intestinal
transplantation, may be considered for a minority of patients with SBS-IF. ESPEN
guidelines recommend bowel lengthening procedures are only performed in
‘selected’ patients®, however due to the risk of anastomotic breakdown, stricture and
vascular injury associated with these procedures, they are rarely performed in
practice'®. Intestinal transplant is only recommended in patients who cannot be
managed with PS owing to the lower survival outcomes associated with the
procedure®® 1. The rarity of intestinal lengthening procedures and different position
in the treatment pathway of intestinal transplant means these surgical options are not
appropriate comparators for the population of SBS-IF patients considered in this
appraisal of teduglutide.
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B.3.3 Clinical parameters and variables

B.3.3.1 Parenteral support data

The key measure of effectiveness used to inform the economic model is the number
of days of PS required by patients per week.

For the comparator (standard care) our model maintains patients on the same stable
level of PS over their lifetime. This is based on the label for teduglutide, which states
that patients should be stable following a period of intestinal adaptation®. There is no
biological reason why patients who are stable on PS should experience a change in

their PS needs, and there are no plausible data on which to model any change in PS
for standard care.

It could be argued that the standard care arm should include a treatment effect in
line with the placebo response seen in the STEPS study. The reasons this is not
appropriate are discussed extensively in section B.2.6.1.4, but in summary, we
believe that the placebo response is an artefact of the conditions of the STEPS
study, likely driven by natural fluctuations in patients’ urine volume (which, by the
STEPS algorithm, then allowed PS reductions). There is also evidence to suggest
that patients in the placebo arm risked dehydration and weight loss due to their PS
weaning.

. In addition, section B.2.6.4/B.2.8
illustrates that the STEPS study is likely to underestimate the benefit of teduglutide
relative to that seen in the real-world. As such, a comparison of teduglutide and
standard care based on utilising teduglutide vs placebo data from STEPS alone
would not be appropriate. To make our model more reflective of real world clinical
practice, we have therefore not modelled a treatment effect for standard care. It
would also not be appropriate to ‘subtract’ the placebo response from the teduglutide
arm because the PS weaning that occurred in the teduglutide arm was appropriate,
associated with healthy weight gain and arguably (based on patients’ urine output
and the comparison to real-world evidence) could have gone further.

For patients treated with teduglutide, reductions in days per week of PS over time
were estimated using a variety of data sources. Given the rarity of the disease, it was
considered important to include all available patient-level data that showed strong
reliability and generalisability to clinical practice (internal and external validity). Our
model therefore includes data from:

e The STEPS clinical programme (STEPS, STEPS-2)
e Takeda’s Patient Support Programme (PSP) in Australia

The adult and paediatric base case analyses presented utilise data pooled from
STEPS and the PSP. A scenario is provided for each base case that only uses data
from the STEPS clinical trial programme.

B.3.3.1.1 Considerations with the STEPS data

The main body of data from the programme of STEPS trials is provided by STEPS
and STEPS-2 (STEPS-3, which is not included in the model, provides additional data
for a small number of patients in the US only, see B.2.6.2.2). A key consideration in
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using the data from these trials to inform the economic model is that STEPS-2
consists of three different groups of patients:

e The TED-TED cohort, who were previously treated with teduglutide in STEPS
and continued teduglutide in STEPS-2

e The PBO-TED cohort, who received placebo in STEPS, and initiated
teduglutide at the start of the STEPS-2

e The NT-TED cohort, who were screened but not treated in STEPS, and
initiated teduglutide at the start of the STEPS-2

As discussed in B.2.6.2.1, the external validity of the data from STEPS-2 is limited by
the infrequent PS weaning schedule used (compared to STEPS, where PS weaning
was more frequent). Consequently, patients in STEPS-2, particularly in the PBO-
TED and NT-TED cohorts (who did not benefit from the more frequent weaning
protocol in STEPS when initiating teduglutide) are likely to have required more time
to achieve their maximum potential PS reduction. This point was confirmed by
clinicians at an advisory board: it was stated that the PS weaning algorithm in
STEPS is ‘restrictive’ relative to real-world practice, and the less frequent weaning in
STEPS-2 means that weaning is even slower®?,

The most reliable data from STEPS-2, therefore, come from the TED-TED group.
These patients were able to receive the more frequent PS reductions allowed in the
STEPS trial at the point of initiating teduglutide; they have the longest period of
follow-up on teduglutide (30 months); and the treatment pattern they received
(continuous teduglutide) is the most relevant for the present decision problem.
Overall, of the clinical trial data, the data from the TED-TED cohort are the most
clinically relevant and clinicians at an advisory board confirmed this®.

B.3.3.1.2 Considerations with additional data sources

In addition to data from the STEPS clinical programme, Takeda has access to
patient-level real-world data collected as part of a Patient Support Programme (PSP)
in Australia (PSPs are running in other countries but we do not have patients’
consent to use their data for reimbursement purposes). Due to similarities in the
SBS-IF patient population in Australia and England and comparable care pathways
within the respective healthcare systems, real-world data from Australian patients
are considered relevant to England. Furthermore, compared with data from STEPS,
this PSP data is likely to be more reflective of how teduglutide would impact patient
outcomes in UK clinical practice as it is drawn from the real-world. Clinical
effectiveness data from the PSP are presented in B.2.6.4.2.

A number of published real-world studies were identified through the clinical SLR
(see B.2.2.2,
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Table 7 for a list, and B.2.6.4.1 for their clinical results). We have not used these
data in our model as while outcomes based on reductions in PS volume were widely
reported, outcomes based on reductions in days per week of PS were not, and we
do not have access to the individual patient-level data to calculate the impact on the
number of PS days per week manually.

, combining data from the STEPS
programme and the PSP therefore strikes an appropriate balance between
leveraging rigorous randomised controlled trial data and data with higher external
validity.

A description of how data from STEPS and the PSP are incorporated into the
economic model is given in B.3.3.2.

B.3.3.2 Estimation of transition probabilities

The base case analysis in the economic model uses data from the STEPS and
STEPS-2 trials pooled with data from the PSP. Given the limitations of the STEPS
and STEPS-2 trials, specifically the conservative PS weaning algorithm used, the
model is likely to provide a conservative estimate of the cost-effectiveness of
teduglutide. To reiterate what is described in more detail elsewhere (see B.2.6.1.3),
the PS weaning algorithm used in STEPS and STEPS-2 reduced the speed and
magnitude at which investigators could reduce patient’s PS volumes. In the real-
world, clinicians typically wean patients off PS earlier and with greater reductions in
volume.

Data from STEPS were captured at week 2, week 4 and then every 4 weeks until
week 24. Data from STEPS-2 (where week 0 = week 24 of STEPS) were captured at
week 2, month 1, month 2, month 3 and then every three months until month 24. The
real-world PSP data is reported at varying intervals and frequency per patient. To
estimate reductions in the number of days per week of PS for people receiving
teduglutide in the economic model, these data were used to estimate a 4-weekly
transition matrix to align with the cycle length of the model. A 4-weekly matrix is
appropriate as it is short enough to capture key changes (h
I 5. 0! o short s o becorne
computationally burdensome.

Reductions in PS days per week over time in STEPS and STEPS-2 were not linear;
larger reductions were seen earlier in treatment (see B.2.6.2.1), so using a fixed set
of transition probabilities over time would not result in plausible model outputs.
Transition probabilities were therefore estimated separately in 6 month intervals.
This aligns well with clinical assessment periods in the real-world and proposed in
the SmPC with regard to the evaluation of continuation of treatment (“treatment
effect should be evaluated after 6 months...if no overall improvement is achieved
after 12 months, the need for continued treatment should be reconsidered™).

Transition probabilities were estimated using R software by initially constructing a
square matrix with 7 variable parameters representing the possible single step
transitions in each model cycle, with the probability of remaining in the same state
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being one minus this probability (see B.3.2.2 for an overview of the model structure).
This is depicted in the matrix below, with the probability p; representing the
probability of reducing from i PS days per week to i — 1 PS days per week.

_1 _ _ _ _ _ _ _

pol-p - - = = ==
- P l-pp - - = = =
- - ps 1-ps - = = =
- - - 1 = =
- - - - ps 1-ps - =
- - - - - pe 1-ps -
- - - - - = p 1-pl

The probabilities in this matrix were estimated using the Optim package in R, which
finds the optimum value of a specified function as inputs are varied across all
possible values. In this case, the function specified was the sum of the squared
difference between the predicted outcome vector (proportion of patients in each
health state after applying the transition matrix) and the observed outcome vector
(proportion of patients across each health state actually observed). The inputs varied
are the values p, to p,, with starting values varied between 5%, 10% and 20% to
ensure the optimum model fit was achieved.

The optimisation procedure was set to minimisation to estimate the optimum
prediction of the outcomes in the model with the least squared error between
predictions and outcomes. This procedure was performed separately for each 6
month interval.

Importantly, it should be noted that these transitions only apply to patients in the
model while still on teduglutide treatment. For this reason, the initial patient vector
used for each 6 month interval is defined by the number of patients in each health
state that are still on treatment at that time point. As treatment discontinuation is
modelled separately (see B.3.3.3.1), the endpoint vector of each 6 month period is
defined using the same denominator as the starting vector. Reducing the
denominator in line with the number of patients on treatment at the end of the 6
month interval would introduce a degree of double-counting, as it would over inflate
the magnitude of the benefits achieved for those remaining on treatment in the
model. For any patients who did discontinue in any of the 6 month intervals, the last
health state they received treatment in was carried forward to the end of the 6 month
period to ensure that they were appropriately discontinued from the correct health
state in the economic model.

To account for the irregular follow-up in the PSP data, the last value recorded was
carried forward to estimate the number of people in each state at each 6-month
interval. This represents a potentially conservative approach as patients may have
been able to achieve further benefits within the 6 month intervals that have not been
captured. As teduglutide only recently became available in Australia, there is limited
follow-up for a large number of patients in the PSP cohort. We used data to inform

the first 12 months of transitions only,
. STEPS-2 data alone is used

afterwards. We believe it is appropriate to continue informing transitions with
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STEPS-2 data beyond 12 months as STEPS-2 data showed patients gain continued
improvement in days per week of PS beyond 12 months (see B.2.6.2).

In summary, the base case analyses use the pooled STEPS/STEPS-2/PSP data to
inform transitions up to 12 months, and STEPS-2 data to inform transition from 12 to
30 months.

Transition probabilities are no longer applied after 30 months of treatment. Beyond
30 months, we have little clinical data with which to inform transitions. The STEPS-3,
extension study to STEPS-2, providing up to 42 months of follow-up data,
demonstrates that patients may continue to derive benefit from teduglutide (see
B.2.6.2.2) but only 5 patients from the TED-TED cohort of STEPS-2 were enrolled.
As such, our model is potentially conservative in assuming no further treatment
benefit after 30 months.

Transition probabilities are provided in Appendix M.

B.3.3.3 Time on treatment

To model the proportion of patients receiving teduglutide treatment at any given time
in the model, a combination of observed discontinuations from the clinical trial/PSP
data and a treatment stopping rule were used to ensure that the model reflects
treatment usage as expected in real-world clinical practice.

B.3.3.3.1 Treatment discontinuations

The first step in the analysis was to fit survival curves to the time on treatment data
using the flexsurv package of R. For the base case analysis, all discontinuation
events in STEPS (patients treated with teduglutide only), STEPS-2 and in the PSP
were included in the analysis, with censoring applied at the time patients completed
the study/PSP or at their maximum follow-up time for patients still receiving
teduglutide in the PSPs. The Kaplan-Meier (KM) plot in Figure 22, shows the
proportion of patients on treatment in these data sources combined.

Using the data shown in Figure 22, standard parametric models (exponential,
Weibull, Gompertz, log-normal, log-logistic and generalised gamma) were fitted, with
the best fitting models chosen based on assessment of Akaike Information Criterion
(AIC) and Bayesian Information Criterion (BIC), as well as the plausibility of the
extrapolations. The curves fitted to these data are depicted in Figure 23, and the
corresponding AIC and BIC statistics are given in Table 24.

Company evidence submission template for teduglutide for treating short bowel syndrome
[ID3937]

© Takeda UK Ltd. (2021). All rights reserved Page 113 of 166



Figure 22 Kaplan-Meier showing the proportion of patients receiving treatment
over time in STEPS, STEPS-2 and the PSP data combined

Figure 23 Parametric survival curves for time on treatment observed in STEPS,
STEPS-2 and PSP data combined
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Table 24 Goodness-of-fit statistics for time on treatment for STEPS, STEPS-2
and PSP data combined

Parametric model AlIC BIC
Exponential 162.14 164.39

Weibull 160.68 165.18
Gompertz 162.09 166.59
Log-normal 160.87 165.36
Log-logistic 160.71 165.20
Generalised gamma 162.67 169.42
Abbreviations: AIC, Akaike Information Criterion; BIC, Bayesian Information Criterion;
PSP, patient support programme

The curve with the best statistical fit based on the AIC statistics, was the Weibull,
although this was closely followed by the log-normal and log-logistic curves. The BIC
values showed a similar picture with the exception of the exponential curve, which
had the lowest BIC despite showing a poor visual fit. This is likely due to the larger
penalty that the BIC gives to functions with a greater number of parameters, hence
favouring the more simplistic single-parameter exponential model.

The poorest fitting curve statistically was the generalised gamma based on both AIC
and BIC. However, upon visual inspection of the curves in Figure 23, the
exponential curve stands out as the poorest fitting model, clearly not tracking the
data well.

In terms of the plausibility of the extrapolations, the Gompertz has a plateau
following the trial period, which implies that no further discontinuation events occur.
This is not clinically plausible and, therefore, this curve was discounted as an option
for the base case analysis. Due to the poor fit of the exponential model, the
extrapolation is unlikely to be reliable either and, therefore, this model was also
discounted. The remaining curves have some differentiation between the
extrapolations; however, given the lack of long term data with teduglutide to inform
long-term extrapolations (maximum 42 months in clinical trials’, and little real-world
evidence beyond 36 months?®), it is difficult to definitively choose between the
remaining curves. Therefore, for the base case analysis, the best statistical fitting
model, the Weibull, was chosen. The results of the second and third best fitting
models (log-normal and log-logistic) are provided in scenario analyses in B.3.8.3.

The best fitting treatment discontinuation curve was used to determine the proportion
of patients receiving teduglutide at any time in the model; however, another key
aspect of discontinuation for the model concerns the health states from which people
discontinue, the health states they move to following discontinuation, and how
quickly they move to this health state. This is discussed further in B.3.3.3.3.
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B.3.3.3.2 Treatment stopping rule

A limitation of relying partly on the STEPS and STEPS-2 data to inform
discontinuation is that some patients who did not benefit from treatment continued to
receive teduglutide for long periods, in some cases up to 30 months. This is an
artefact of the clinical trial environment and would not occur in real-world clinical
practice.

The SmPC suggests that, in adults, outcomes should be evaluated at 6 months and
12 months, and if no treatment benefit is achieved by 12 months, the continuation of
treatment should be reconsidered. However, the SmPC does not define the
magnitude of treatment benefit that should be considered clinically meaningful at
these timepoints”.

The British Intestinal Failure Alliance (BIFA) 2018 position statement states that the
aims of treatment with a peptide growth factor should be “to stop or achieve more
than 2 nights off/week of PS”, and that treatment should be stopped “if the treatment
goals of reducing PS are not achieved after 24 weeks”?2.

Three UK clinicians in attendance at an advisory board unanimously agreed that
achieving a reduction in PS of one day per week was a clinically meaningful outcome
for patients. They acknowledged that if a day off per week had not been achieved
after 6 months of treatment, they may not actively encourage patients to continue
treatment (depending on whether PS volume reductions had occurred or not), but
would leave the decision up to the patient. If a day off per week had not been
achieved after 12 months, they would stop treatment®2,

It is worth noting there is evidence that patients continue to benefit from teduglutide
beyond 6 months of treatment. Results from STEPS-2 (see B.2.6.2.1) showed that
patients continued to reduce days per week of PS throughout 30 months of
treatment’3. The teduglutide SmPC also states, in a discussion about evaluating
treatment effect at 6 months, that “limited data from clinical studies have shown that
some patients may take longer to respond to treatment”.

Based on guidance in the SmPC, from BIFA and from our advisory board, we have
opted for our base case to include a stopping rule as follows: at 12 months any
patients who have not achieved a reduction of at least one day off PS per week
compared to baseline is discontinued.

To apply this in the model, the proportion of patients who achieved no reduction in
days per week after 12 months were calculated relative to the number of patients
remaining on treatment in each health state. The proportion of patients discontinued
from each health state by this rule are given in Table 25. Note, although the PSP
provides data for only 12 months, Table 25 does consider patients in the PSP
programme who did not achieve a day per week reduction within those 12 months.
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Table 25 Proportion of patients discontinued from each health state by the
stopping rule at 12 months

In our model, at the 12 month timepoint, these proportions were removed from the
on-treatment part of the patient flow and moved to the off-treatment part. These
patients remain in the same PS health state, as no benefit was achieved in these
patients while on treatment, so no benefit needs to be removed following
discontinuation.

The rate of discontinuation beyond the 12 month stopping rule is discussed in the
next section.

B.3.3.3.3 Distribution of discontinued patients across health states

A key aspect of the treatment discontinuation modelling is ensuring that any
treatment benefits achieved prior to discontinuation are appropriately accounted for
following the discontinuation of teduglutide treatment. The model conservatively
assumes that all patients who discontinue teduglutide revert back to their baseline
health state immediately after stopping teduglutide (of note, the SmPC states that
“discontinuation of treatment with teduglutide should be managed carefully to avoid
dehydration™). At a recent advisory board, clinicians stated that after discontinuing
teduglutide, they would expect patients to return to their baseline PS needs over a
period of 2—-8 weeks®?. Additionally, while there are little data investigating PS needs
post-teduglutide, one study reported that only 25% of teduglutide non-responders
and 48% of teduglutide responders increased PS within 12 months post-
discontinuation of teduglutide (responders were defined as those with a 220%
reduction in PS from baseline)'?3. Our model is therefore conservative in its
assumptions regarding reversion to baseline.

To apply this in the base case analysis of the model, patients who discontinued
teduglutide across the STEPS trials and PSP were assessed to estimate the
proportion of patients discontinuing from each health state. The baseline health
states for this group of patients were also analysed to estimate the proportion of
patients expected to be in each health state after discontinuation of treatment.

Before the stopping rule, the model assumes that discontinuations occur from the
health states as described in Table 26 below. After the stopping rule is applied it
would be implausible to continue discontinuing patients from these health states. For
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example, at 12 months all patients still on 7 days per week of PS are discontinued by
the stopping rule, so no further discontinuations can occur from that health state.

Beyond this time point, the data were re-analysed to assess the distribution of
patients across health states for those who discontinue treatment after 12 months
but who would not be captured by the 12 month stopping rule (i.e., those who
achieved a reduction in PS within 12 months but discontinued teduglutide after 12
months). The baseline health states of these patients were also assessed to
redistribute these patients across the health states appropriately following
discontinuation.

The distribution of patients discontinued from each health state at the point of
discontinuation pre-12 month stopping rule is given in Table 26, and the distribution
of patients discontinued from each health state at the point of discontinuation post-12
month stopping rule Table 27.

Table 26 Distribution of discontinued patients across health states before and
after discontinuation of teduglutide before the 12 month stopping rule

Table 27 Distribution of discontinued patients across health states before and
after discontinuation of teduglutide after the 12 month stopping rule
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This approach introduces some uncertainty given that the distribution of those
discontinued post 12 months is informed by data from only 3 patients. However, the
alternative would be to assume the distributions do not change post 12 months,
implying no further discontinuations occur and this is clinically implausible. For
completeness, a scenario that assumes no further discontinuation beyond the 12-
month stopping rule is provided in B.3.8.3; however, this should be considered with
caution as it does not represent a clinically relevant scenario. It may, however,
provide some reassurance as a maximum upper bound of the impact of the
uncertainty.

B.3.3.4 Survival

B.3.3.4.1 Adult survival

To assess the cost-effectiveness of a long-term treatment such as teduglutide, it is
important to accurately estimate the proportion of patients alive at any time over the
life time horizon of the model. Data from the STEPS programme, with a maximum of
42 months of follow-up, provide insufficient data to evaluate life time survival: only 3
deaths occurred during STEPS and STEPS-2. This does not allow us to model long
term survival in patients with SBS-IF as a whole, and certainly does not allow any
consideration of a potential treatment effect on mortality.

Alongside the lack of data from the trials, there is in general a lack of data examining
the survival impact of PS on patients with SBS-IF. The relationship between PS
consumption and survival is in general not clear, in part because mortality from the
underlying SBS-IF is hard to disentangle. With this in mind, our model assumes that
survival is equivalent for those who are PS-dependent and for those who achieve
independence from PS.

Clinical expert opinion suggest that mortality rates for people receiving PS are more
likely to be related to their underlying SBS-IF than their PS treatment and that
mortality has improved in recent years alongside advances in SBS-IF management.
As such, it is important to consider the latest data available when estimating the
expected survival of the SBS-IF population.

The most relevant study providing the latest data on survival associated with SBS-IF,
identified via review of studies obtained through the clinical and economic SLRs, is
Salazar 2021. This study provided survival data for 218 patients with SBS-IF who
were receiving PS and followed-up for up to 15 years (2003 to 2018) as part of a
Canadian PS registry. Importantly, this study presented the KM plot for survival
alongside the number of patients at risk in 5 year increments, allowing digitisation
and estimation of pseudo individual patient data (IPD)?’.

The KM plot was digitised and pseudo-IPD were estimated using the algorithm
developed in Guyot 2012'%4. The resulting KM plot using the pseudo-IPD is
presented in Figure 24.
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Figure 24 Survival of SBS-IF patients from Salazar 2021
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The pseudo-IPD generated from this process was used to fit survival curves using
the flexsurv package of R. Standard parametric models (exponential, Weibull,
Gompertz, log-normal, log-logistic and generalised gamma) were fitted, with the best
fitting models chosen based on assessment of the AIC and BIC goodness-of-fit
statistics, as well as the plausibility of the extrapolations. The resulting fitted survival
curves are shown in Figure 25 and the corresponding goodness-of-fit statistics are
given in Table 28.
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Figure 25 Survival curves fitted to Salazar et al. data
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Table 28 Goodness-of-fit statistics for Salazar et al. survival models

Parametric model AlIC BIC
Exponential 334.48 337.86

Weibull 336.30 343.07
Gompertz 336.42 343.19
Log-normal 334.62 341.39
Log-logistic 335.47 342.23
Generalised gamma 336.58 346.73
Abbreviations: AIC, Akaike Information Criterion; BIC, Bayesian Information Criterion

The best fitting curve according to AlIC and BIC was the exponential. However, the
log-normal was a close second, especially when comparing the AIC statistics, which
were almost identical.

When visually assessing the plausibility of the extrapolations against the shape of
the KM plot, the exponential appears to be too simplistic to capture the diminishing
rate of mortality that the KM plot appears to demonstrate. This is also further
demonstrated when analysing the hazard function of the Salazar 2021 survival data,
which is given in Figure 26, estimated using the muhaz package of R. This hazard
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function shows an initial increase in hazard in the first year or so followed by a
gradual reduction in the hazard for the remainder of the time period.

Figure 26 Estimated hazard function of Salazar 2021 survival data
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This analysis of the hazards demonstrates that the constant hazard rate of an
exponential model would provide an implausible extrapolation of the mortality rate as
demonstrated by the data. The base case analysis in the economic model therefore,
uses the log-normal function, on the basis that it provides a good statistical fit (similar
to the best fitting exponential) but with a plausible hazard function that appropriately
captures the diminishing rate of death over time.

To ensure the extrapolations of the fitted survival model are plausible and do not
cause the rate of mortality to reduce below that of the general population, survival
probabilities were adjusted using Life Tables for England from the Office for National
Statistics (ONS)'?5. To do this, the hazards of death from the ONS Life Tables were
used as a minimum hazard. If the hazard rate of the fitted survival model went below
the rate of the ONS data, then the ONS mortality rate was applied. This ensures all
patients reach the death state by the end of the time horizon of the model, thus
resulting in plausible survival estimates.

B.3.3.4.2 Paediatric survival

To model survival for the paediatric base case analysis, the same approach was
taken but using a paediatric-specific source of survival data. The largest and most
recent source of survival data relating to the paediatric population was identified as
Pironi 201126, which provides up to 5 years of follow-up data for 88 children. The
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plot provided was digitised to estimate pseudo-IPD and the resulting KM plot is given
in Figure 27.

Figure 27 Survival of SBS-IF patients from Pironi 2011
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As per the Salazar et al. data for the adult base case, pseudo-IPD generated using
the Guyot et al 2012'%* algorithm was used to fit survival curves using the flexsurv
package of R. Standard parametric models (exponential, Weibull, Gompertz, log-
normal, log-logistic and generalised gamma) were fitted, with the best fitting models
chosen based on assessment of the AIC and BIC goodness-of-fit statistics, as well
as the plausibility of the extrapolations. The resulting fitted survival curves are shown
in Figure 28 and the corresponding goodness-of-fit statistics are given in Table 29.
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Figure 28 Survival curves fitted to Pironi et al. data
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Table 29 Goodness-of-fit statistics for Pironi et al. survival models

Parametric model AlIC BIC
Exponential 81.34 83.81
Weibull 82.89 87.84
Gompertz 83.21 88.17
Log-normal 82.38 87.33
Log-logistic 82.85 87.81
Generalised gamma 79.94 87.73
Abbreviations: AIC, Akaike Information Criterion; BIC, Bayesian Information Criterion

The AIC statistics appear to show that the most complex 3-parameter generalised
gamma curve has the best fit to the data, but this is closely followed by the single-
parameter exponential curve. Based on the BIC statistics, however, the exponential
demonstrates the best fit with no close second place. All the alternatives are in the
region of 4 points worse based on the BIC, which is notably different. Based on
these results and the limited follow-up to reliably demonstrate changes in hazards
over time, the exponential model was chosen for the paediatric base case analysis.

B.3.3.5 Complications

PS is associated with serious, and infrequently fatal, complications. Catheter-related
incidents were captured by data in STEPS/STEPS-2, and so are included in the
model along with other adverse reactions (see B.3.4.3). Intestinal failure-associated
liver disease (IFALD) and chronic kidney disease (CKD) were not, and so are
modelled separately.
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B.3.3.5.1 Intestinal failure-associated liver disease (IFALD)

A Delphi panel was conducted featuring 9 UK clinical experts. Experts answered
questions in an online questionnaire in round 1, and discussed the answers face-to-
face in round 2 in order to reach consensus.

It was concluded by this panel that teduglutide would reduce the incidence of IFALD
by reducing the requirement for PS. The experts agreed that the prevalence of
IFALD at 1 year on PS was 0-1%, at 2 years was 0—-2% and at 10 years was 0-3%.
To account for the agreement that reduced PS would reduce incidence of IFALD,
patients were split into 4 cohorts grouped by days on PS and the rates of IFALD
were interpolated using the ranges provided by the experts (Error! Not a valid
bookmark self-reference.). The development rates per 28-day cycle are calculated
from the prevalence estimates, and are applied to the relevant health-states in each
cycle over the horizon of the model.

Table 30. IFALD prevalence estimates from Delphi meeting and calculated
development rates per 28 days

No PS PS1-3 PS4-5 PS6-7

Prevalence at 1 year on PS 0.00% 0.33% 0.67% 1.00%
Prevalence at 2 years on PS 0.00% 0.67% 1.33% 2.00%
Prevalence at 10 years on PS 0.00% 1.00% 2.00% 3.00%
Development rate years 0-1 0.000% 0.013% 0.026% 0.039%
Development rate years 1-2 0.000% 0.006% 0.013% 0.019%
Development rate years 2+ 0.000% 0.006% 0.013% 0.020%
Abbreviations: IFALD, intestinal failure-associated liver disease; PS, parenteral support
Source: Delphi panel report'?’

Although clinical experts consider there to be an association between IFALD risk and
the number of days PS is required, there is uncertainty around whether a reduction
in PS days per week as a result of teduglutide causes a reduction in the risk of
IFALD. Given this uncertainty, a scenario using a more conservative approach is
provided, where a reduction in the risk of IFALD is only assumed in those who
become PS independent. The baseline health states are used to estimate the risk of
those who are PS dependent and this is not impacted by changes in PS until
independence is achieved, at which point the risk is removed. The results of this
scenario are provided in B.3.8.3.

B.3.3.5.2 Chronic kidney disease (CKD)

Alongside IFALD, another complication that is associated with PS dependence in
SBS-IF patients is chronic kidney disease (CKD)*2. Only Stage V CKD (glomerular
flow rate <15 ml/min/1.73m?) impacts resource use in a manner relevant to our
economic model. Stages I-IV CKD were therefore not modelled.
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As per IFALD, due to a lack of relevant published data, estimates from the Delphi
meeting are used to calculate the proportion of patients with Stage V CKD (Error!
Not a valid bookmark self-reference.).

Table 31. Stage V CKD prevalence estimates from Delphi meeting and calculated

development rates per 28 days

No PS PS1-3 PS4-5 PS6-7

Prevalence at 1 year on PS 0.00% 0.33% 0.67% 1.00%
Prevalence at 2 years on PS 0.00% 0.67% 1.33% 2.00%
Prevalence at 10 years on PS 0.00% 1.67% 3.33% 5.00%
Development rate years 0-1 0.000% 0.026% 0.051% 0.077%
Development rate years 1-2 0.000% 0.026% 0.052% 0.078%
Development rate years 2+ 0.000% 0.010% 0.020% 0.030%
Abbreviations: CKD, chronic kidney disease; PS, parenteral support.

Source: Delphi panel report'?”

An alternative scenario is also provided where the risk of Stage V CKD is only
reduced for those who achieve PS independence. This is likely to be a conservative
modelling approach. In this scenario, patients’ baseline risk of Stage V CKD (as per
Alongside IFALD, another complication that is associated with PS dependence in
SBS-IF patients is chronic kidney disease (CKD)32. Only Stage V CKD (glomerular
flow rate <15 ml/min/1.73m?) impacts resource use in a manner relevant to our
economic model. Stages I-IV CKD were therefore not modelled.

As per IFALD, due to a lack of relevant published data, estimates from the Delphi
meeting are used to calculate the proportion of patients with Stage V CKD (Error!
Not a valid bookmark self-reference.).

Table 31) is assumed to remain constant as long as the patient remains PS
dependent (the same as the IFALD scenario described above). The results of this
scenario are provided in B.3.8.3.

B.3.4 Measurement and valuation of health effects

PS is a highly sophisticated and complex life-saving treatment, for which patients are
typically immensely grateful. However it is also incredibly disruptive as patients
usually receive PS for 10—-14 hours a night, 2—7 nights a week, with more severe
cases of SBS-IF requiring more nights per week on treatment. This can seriously
inhibit patients’ ability to live a normal life. Days per week of PS is therefore a highly
relevant outcome for patients, as nights off PS represent nights where a patient can
live a more normal social, family or personal life. Clinicians at an advisory board
indicated that patients have a strong desire to reduce their number of days of PS per
week. This view is also supported by the teduglutide EPAR, which states:
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“One or more days without having to be chained to an i.v. line constitutes a real
benefit for the patient.”®®

For this reason, we structured our economic model around days per week of PS.
Therefore, the key to measuring and valuing health effects in this section relates to
the quality of life impact that reducing days per week on PS has on patients with
SBS-IF. As discussed in B.2.6.3, quality of life data from clinical trials do not make
sense, and so are not appropriate for estimating utilities. In line with other published
cost-effectiveness analyses''® 120, we have used data published by Ballinger et al.
2018'"3 to estimate utility values; the rationale for this is expanded upon in the
sections below.

B.3.4.1 Health-related quality of life data from clinical trials and mapping to
utility values

Both STEPS and 004, randomised controlled trials of teduglutide versus placebo,
collected data on quality-of-life outcomes. Neither study was powered to detect
differences in quality of life, either for comparing baseline versus week 24 within a
treatment arm, or for comparing teduglutide versus placebo, and so use of the data
are limited.

004 collected quality of life data using the SF-36, EQ-5D and IBDQ instruments. No
difference in quality of life was reported for any of these instruments when comparing
results for the teduglutide arm versus baseline or versus placebo at week 24. While
EQ-5D is preferred by NICE for generating utilities, the teduglutide EPAR noted that
the SF-36, EQ-5D and IBDQ instruments had not been developed to assess the
quality of life of patients with SBS, and were unlikely to be sensitive enough to detect
quality of life changes in this population®. We therefore decided that data from 004
were not appropriate to use within our model.

STEPS captured quality of life data using the SBS-QoL instrument. No statistically
significant difference in SBS-QoL scores was observed between the teduglutide and
placebo arms; potential reasons for this are discussed in section B.2.6.3. As a non-
preference-based measure, utilities cannot be derived directly from SBS-QoL
outcomes and therefore it cannot be directly used to inform the health state utility
values in the model. However, a mapping algorithm'28 provides a link between the
SBS-QoL outcomes and utility values derived using a time-trade-off technique in a
similar fashion to the EQ-5D.

Outcomes from the SBS-QoL data collected in STEPS were mapped to derive utility
values based on days per week of PS. The results from this exercise are presented
in Figure 29.
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Figure 29 Utilities mapped from the SBS-QoL data in STEPS (using the Lloyd
algorithm) by number of days per week of PS

B.3.4.2 Health-related quality of life studies

Several systematic literature reviews (SLRs) were performed to identify other
relevant health-related quality of life (HRQoL) or health state utility value (HSUV)
studies. These were performed in line with NICE guidance in the methods of
technology appraisal, using a pre-prepared search strategy and multiple reviewers
assessing results (detailed in Appendix H). For the present submission, a HRQoL
and HSUV SLR, covering data for adults and children with SBS-IF, was performed
on 218t May 2021.
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Of the 31 studies identified by the SLRs, six reported utility values for patients with
SBS-IF; these are shown in Table 32, the remaining quality of life studies are

summarised in Appendix H.

Table 32: Summary of published studies reporting health-state utility values

Reference | Population | Intervention & | Method Outcomes
comparators
Culkin et Patients PS (33 Quality of life | 1. Quality of Life
al. 2009 with chronic | patients out of | was EQ-5D Index:
IF (n=48). 48 type 3 IF calculated , _4Q).
The patients) using EQ-5D- Sll1gatlents (n=48): 0.75
definition of 3L VAS, EQ- T
chronic IF 5D Index & | Patients on PS (n=33):
used in this SF-36 0.77+0.16
study is 2. Difference in quality of
unclear life indices for patients
given not all dependent & independent
patients of PS
receive PS EQ-5D Index (median,
IQR); Not on PS (n=15):
0.00, -0.11 - 0.04,
On PS (n=32): 0.07, 0.00 -
0.13.
Lachaine SBS Days and/or General PS0=0.74
et al. 2016 | patients hours per day | population PS1=0.70
and the; on PS time trade-off PS2 = 0.65
Canadian survey to
general elicit health PS3 =0.61
population state utility PS4 =0.57
(n=799) values PS5 = 0.52
PS6 =0.48
PS7 Low = 0.44
PS7 High = 0.39
Ballinger UK general | Days of PS Health state | PS0: 0.82
etal. 2018 | public vignette PS1: 0.78
(adults; study .
n=100) involving PS2:0.72
rating SBS VAS and PS3:0.65
(not specific time trade-off | PS4: 0.58
to type of technique PS5: 0.51
IF) health PS6: 0.41
states
PS7:0.36
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Carey et Australian PS, Treatment Median values by
al. 2019 patients on | teduglutide, vignette treatment (note these
PS (n=19) intestinal study values are the inverse of
rating transplant involving time | utility):
health trade-off Teduglutide: 0.5
sta’ges of technique Intestinal transplant: 1.0
patients L
with type 3 Reduction in line
IF receiving infections: 0.75
PS Optimisation of care: 0.5
Raghu et Simulated PS, Cost- Utilities obtained from
al. 2020a cohort of teduglutide effectiveness | Ballinger et al 2018 and
adults with (Markov) subjected to age
SBS-IF model adjustment:
PS0: 0.84
PS1:0.77
PS2: 0.70
PS3: 0.63
PS4: 0.56
PS5: 0.49
PS6: 0.42
PS7:0.35
Raghu et Simulated PS, Cost- Utilities derived from
al. 2020b cohort of teduglutide effectiveness | Ballinger et al. 2018
children (Markov) Enteral autonomy/PS0:
with SBS-IF model 0.82
PS7: 0.36
Abbreviations: EQ-5D(-3L), EuroQol five dimensions (3 levels); PS, parenteral support;
PSx, x days per week of PS; SBS, short bowel syndrome; SBS-IF, short bowel
syndrome with type 3 intestinal failure; SF-36, 36 item short form questionnaire; VAS,
visual analogue scale
Source: Studies identified by quality of life SLR 65 113, 119,120,129, 130

Of the 6 included studies that provide utilities relating to SBS-IF patients, the key
studies that can be used to directly inform the economic model are Ballinger 20183,
Lachaine 2016%° and Raghu 2020a'°. These studies all provide utility estimates
based on the number of days per week of PS required by patients; however, Raghu
2020a is an economic evaluation that reports age-adjusted values based on the
Ballinger 2018 values. Therefore, there are two unique sources of utility values to
consider to inform the economic model.

Both Ballinger 2018 and Lachaine 2016 are vignette studies that use a time-trade off
technique to elicit utility values, as used for the derivation of the EQ-5D UK valuation
tariff. As Ballinger 2018 provides utility estimates derived from a UK general
population, this study aligns more closely to the NICE reference case. The utilities
reported by Ballinger 2018 are in line with utilities reported in a previous study,
where the mean utility value for a patient on PS was 0.52, and reached as low as
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0.28 in older patients''. Therefore, given the limitations of the utility values derived
from STEPS and 004, values from Ballinger 2018 have been used in the base case
analyses of the model, and scenarios are provided using values from Lachaine 2016.

B.3.4.3 Adverse reactions

All adverse events (AEs) that occurred in at least 5% of patients in either arm of the
STEPS trial were originally considered for the economic model. Based upon clinical
assessment, 32 of the total 35 AEs were included as important relevant AEs in the
model. The three AEs that were excluded were device dislocation, epistaxis and
nasopharyngitis. These were omitted due to their low cost and minimal patient
burden, indicating that they would have negligible impact on the cost-effectiveness
model. An alternative scenario is also presented in B.3.8.3, in which only severe AEs
are included in the model.

AEs were applied as rates per model cycle based on STEPS and STEPS-2 patient-
level data (for adverse events, data from all three cohorts of STEPS-2 were used;
see B.3.3.1.1). Patients on teduglutide were subject to variable AE rates over time;
the rates were informed by STEPS data in the first 6 months, and by STEPS-2 data
from beyond 6 months until death. We did not model variability in AE rate by days
per week of PS, due to the difficulty in establishing whether AEs are related to SBS-
IF or to PS.

The AE rates associated with standard care were obtained from the placebo arm of
STEPS. With only 6 months of data, these rates are not time-variable. Patients who
discontinued teduglutide became subject to the AE rates associated with standard
care. The individual rate per cycle for each included AE is presented in Table 33.

Table 33. Adverse event rates included in the economic model

Adverse event Teduglutide Teduglutide Standard
months 0-6 (rate | after month 6 care (rate
per month) (rate per month) | per month)

Abdominal distension N I I

Abdominal pain - - -

Arthralgia - - -

Bacteraemia I N I

Catheter related infection I ] I

Central line infection N I I

Constipation I I I

Decreased appetite - - -

Dehydration e I I

Diarrhoea I I I

Dizziness I N I

Dyspnoea - - -

Fatigue I I I
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Adverse event Teduglutide Teduglutide Standard
months 0-6 (rate | after month 6 care (rate
per month) (rate per month) | per month)

Flatulence I I I

Gastrointestinal stoma e I I

complication

Headache I I I

Injection site haematoma e ] I

Injection site pain e ] I

Muscle spasms - - -

Nausea I N I

Peripheral oedema I I I

Bacterial overgrowth - - -

Pain I N I

Procedural site reactions I ] I

Pyrexia I I I

Renal colic I I I

Small intestinal stenosis ] ] I

Upper respiratory tract infection e e e

Urinary tract infection e I I

Vomiting N I I

Decreased weight - - -

Increased weight - - -

Source: STEPS and STEPS-2 CSRs? %; individual patient-level data from STEPS and
STEPS-2

Many AEs and complications of teduglutide and/or PS affect patients’ quality of life.
For a given AE, the quality of life impact was assumed to be the same regardless of
whether the patient received teduglutide or standard care. The impact on quality of
life is measured in utility decrements, of which values are informed by the available
literature and are combined with the relevant event rate to estimate a decrement per
model cycle. Disutilities are applied for the duration of one model cycle (28 days), as
there was no information on duration of AEs available from STEPS and it seems
reasonable to assume that most AEs evaluated would not last longer than this. Final
utility values associated with AEs in our model are presented in B.3.4.5, Table 36.

Utility values for intestinal failure-associated liver disease and chronic kidney disease
(also presented in Table 36) are also included in the model, however these are
chronic complications for which the per-cycle utility decrement is applied
continuously from the onset of the complication. The average utility decrement for
each complication is calculated per model cycle, based on the proportion of patients
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in each PS health state (ranging from 0 to 7 days of PS per week, noted as PSO0 to
PS7).

B.3.4.4 Carer quality of life

SBS-IF and PS requirements are not only a burden to the patient themselves but
also to their family and caregivers. Both adults and children with SBS-IF will
commonly need an informal caregiver for help with daily living and for emotional
support®®. In a recent global patient and caregiver surve

. Caregivers of patients with SBS-IF often suffer a lack of social
activities, difficulties with relationships, lost income and employment difficulties and,
in some cases, depression®. For parents, caring for a child who is receiving PS
affects their family and social lives: they report feelings of frustration, annoyance,
and stress, as well as problems sleeping®°.

To quantify this impact, two separate studies were conducted, in part due to the
inherent uncertainty and difficulty in assessing caregiver quality of life. Firstly, 9
clinical experts recruited for a Delphi panel process were asked to give an estimate
of the utility of carers of patients with SBS-IF with low (1-2 days), medium (3-5
days), or high (6—7 days) PS requirements, noting that a utility of O is equivalent to
death and a utility of 1 represents perfect health. The mean and range of the
estimates of the respondents are given in Table 34.

Table 34 Carer utilities derived from Delphi panel

Health state Mean Range
reconing 1-3 days of PS per wock 0.89 0.850.98
reconing 4-5 days of PS per wock 077 0.70-0.90
reconing 67 days of PS per wock 067 0.50-0.80

Abbreviations: PS, parenteral support
Source: Carer quality of life Delphi panel'?’

Secondly, a caregiver-specific survey was performed. The survey recruited 47 UK-
based carers for patients with SBS-IF and measured the quality of life impact on
carers using the EQ-5D. Health state utilities from this study using the EQ-5D are
presented in Error! Not a valid bookmark self-reference..
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Table 35 EQ-5D utilities from carer quality of life study

Days per week Mean utility value for carer SD
patient spends on PS

2 days (n=2) 1.00 0.00
3 days (n=10) 0.89 0.1
4 days (n=5) 0.77 0.26
5 days (n=9) 0.97 0.09
6 days (n=11) 0.89 0.11
7 days (n=10) 0.88 0.12
Abbreviations: PS, parenteral support; SD, standard deviation

Source: Carergiver-specific survey'®?

By way of validation, the aforementioned global patient and caregiver survey
reported a mean carer utility of 0.84 using EQ-5D-5L (n=121 carers surveyed; not
stratified by patient PS consumption)?3. This suggests that the caregiver utility
estimates from the Delphi (Table 34) may be slightly low, and from the caregiver-
specific survey (Table 35) slightly high. For these reasons, and recognising the
uncertainty in these estimates given the difficulty in measuring carer quality of life,
the two sources were combined. Results from the caregiver-specific survey were first
grouped as per the Delphi estimates (into 1-3 days, 4-5 days and 6-7 days, weighted
by patient numbers) and then midpoints between the Delphi and grouped caregiver-
specific estimates were taken.

we have
assumed one carer per patient. In the paediatric base case, we have assumed two
caregivers per patient on the basis caregivers are likely to be the child’s parents.

B.3.4.5 Health-related quality-of-life data used in the cost-effectiveness
analysis

All utility values used in our economic model are shown in Table 36.
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Table 36 Summary of utility values used in the economic model

State Utility value: | Reference in | Justification
mean submission
(standard (section and
error) page
number)
PSO 0.82 Section Ballinger 2018 UK Vignette study
PS1 disutility -0.04 —%3'4'2’ Table
PS2 disutility -0.10
PS3 disutility -0.17
PS4 disutility -0.24
PS5 disutility -0.31
PS6 disutility -0.41
PS7 disutility -0.46
Intestinal failure- Sullivan 2011
associated liver 0.596
disease (IFALD)
Chronic kidney 0.71 Wyld 2012
disease (CKD) '
Abdominal distension -0.0512 Discussed in Sullivan 2011,'Other
Abdominal pain -0.0512 sBegtldrog gastrointestinal disorders
Sullivan 2011,‘Other bone
Arthralgia -0.023 disease and musculoskeletal
disorders’
Bacteraemia 052 NICE TA352, vedolizumab for
Catheter-related treating moderate to severely
. : -0.52 . A ,
infection active Crohn’s disease after prior
Central line infection -0.52 therapy, ‘serious infection
Constipation -0.0512 Sullivan 2011,‘Other
Diarrhoea -0.0512 gastrointestinal disorders’
Injection site NICE TA352, vedolizumab for
-0.03 :
haematoma treating moderate to severely
T . . active Crohn’s disease after prior
Injection site pain -0.03 therapy, ‘skin site reactions’
Peripheral oedema -0.0508 Sulllvgn 2011,Aort|cl, perlph(?ral
and visceral artery disorders
NICE TA352, vedolizumab for
Bacterial overgrowth -0.52 tregtlng mod’erat.e to severely .
active Crohn'’s disease after prior
therapy, ‘serious infection’
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State Utility value: | Reference in | Justification
mean submission
(standard (section and
error) page
number)
NICE TA352, vedolizumab for
Procedural site treating moderate to severely
- -0.03 . o ,
reactions active Crohn’s disease after prior
therapy, ‘skin site reactions’
Small intestinal Sullivan 2011,‘Other
: -0.0512 . ; . ;
stenosis gastrointestinal disorders
NICE TA352, vedolizumab for
Upper respiratory treating moderate to severely
: : -0.52 . A ,
tract infection active Crohn’s disease after prior
therapy, ‘serious infection’
: : : Bermingham and Ashe 2012,
Urinary tract infection -0.09 ‘Older adults with UTI
. Sullivan 2011,‘Other
Vomiting -0.0512 gastrointestinal disorders’
Carer/family member 0 Average of
of a patient with PS0O values
Carer/family member -0.10 pre?_ented n
of a patient with PS1 section
B.3.4.4 Table
Carer/family member -0.10 34 and
of a patient with PS2 Secondly, a
Carer/family member -0.10 caregfllver-
of a patient with PS3 specitic
survey was
Carer/family member -0.17 performed.
of a patient with PS4 The survey
Carer/family member -0.17 recruited 47
. . UK-based
of a patient with PS5 carers for
- ) i Delphi panel and Carer Utility
Carer/family member -0.22 patients with Study
of a patient with PS6 SBS-IF and
Carer/family member -0.22 mea.sured.the
p tient with PS7 quality of life
of a patient wi impact on
carers using
the EQ-5D.
Health state
utilities from
this study
using the EQ-
5D are
presented in
Error! Not a
valid
bookmark
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State Utility value: | Reference in | Justification
mean submission
(standard (section and
error) page
number)
self-
reference..
Table 35

Abbreviations: PSx, x days per week of parenteral support; SD, standard deviation
Notes: The values provided above are decrements during the AE. All AEs are assumed to
have a duration of 1 model cycle (28 days). IFALD and CKD are modelled separately with
a disutility applied from onset to death.

Source: UK vignette study''3; Wyld 2012 33; Sullivan 2011"34; NICE TA352"3;
Bermingham and Ashe 2021'%; carer survey'3’; carer quality of life Delphi panel3®

B.3.5 Cost and healthcare resource use identification,
measurement and valuation

Search strategies used for the systematic review of the literature for costs and
resource use associated with SBS-IF are presented in Appendix I. Five and eight
studies reporting data on costs and resource use were included for adult and
paediatric SBS-IF populations, respectively. Most studies were conducted outside of
the UK, and therefore were not considered suitable for investigating resource use in
the UK. Details of the study population, objectives and resource use and/or costs
reported in these studies are presented in Appendix I.

B.3.5.1 Intervention and comparators’ costs and resource use

The list price is £521.98 per vial containing 5 mg of teduglutide. A smaller vial for
patients weighing less than 20kg, containing 1.25 mg of teduglutide, is available at
list a price of £260.99. A simple PAS discount of | on the list price has been agreed
with NHS England and this has been applied to all analyses.

Teduglutide dosing in the model matches the recommended posology as per its
SmPC. Vials containing a 5 mg and 1.25 mg dose respectively, are used to deliver
the recommended daily dose of 0.05 mg/kg body weight (5 mg for patients =20 kg,
1.25 mg for patients <20 kg).

The model assumes that one 5 mg vial of teduglutide is sufficient to meet one daily
dose in all patients (model assumes all patients, adult and paediatric weigh =220 kg).

This also assumes no patients weight more than 100 kg; above this weight, a second
vial would be nesdet <H
). hc unit cost per 28-day model cycle is therefore , with
the discount applied.

Vial sharing is not included in the model. Its inclusion would imply that a patient
could save any unused teduglutide over and above their required daily dose. As the
eligible population for teduglutide is small, the potential for vial sharing is somewhat
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limited. Nevertheless, assuming no vial sharing at all is likely conservative, which
may result in an over-estimate of the ICER.

As per its SmPC, treatment with teduglutide requires a colonoscopy procedure at
initiation. Further colonoscopies are required after 1 year and 2 years on treatment,
and every 5 years thereafter. The unit cost of these teduglutide-specific

colonoscopies is £620 per procedure (
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Table 37).

Administration of teduglutide is associated with no other specific costs. No additional
travel costs are assumed, as regular community nursing support is already part of
receiving PS. A Takeda-sponsored homecare service will be provided alongside
teduglutide if it is approved. Yearly costs associated with teduglutide treatment are
summarised in Table 38.

PS costs are dependent on the health state a patient is in, and are therefore included
in the health state costs presented in B.3.5.2.
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Table 37 Colonoscopy unit cost calculation

Currency code (NHS Description Activity Unit
reference costs) cost
FE31Z Diagnostic Colonoscopy with Biopsy, 19 | 162,820 £690
years and over
FE32Z Diagnostic Colonoscopy, 19 years and 191,331 £560
over
Mean cost weighted by activity | £620

Source: NHS reference costs 2019/202013°

Table 38 Costs per treatment/patient associated with the technology in the
cost-effectiveness model

Items Cost Source

Price of the technology - BNF

per patient per year

Colonoscopy £620 NHS reference costs, 2019-2020;
FE31Z and FE32Z

Abbreviations: PSSRU, Personal Social Services Research Unit
Source: NHS reference costs 2019/2020"3%; BNF 40

B.3.5.2 Health-state unit costs and resource use

Patients with SBS-IF receiving PS require special services. These include the PS
itself, additional drugs (such as proton pump inhibitors, antimotility agents, dalteparin
and ondansetron), monitoring, as well as services addressing the complications
associated with PS. The cost per patient per year on PS was taken from a study
performed to inform a previous submission to NICE'#" 142, The study aimed to
capture the cost of managing home PS for SBS-IF patients in the UK, including
analysis of the treatment pathway, healthcare provision, and the burden of the
disease. This information was used to construct an indication of the costs involved in
management of PS in England. The study used data collected from four consultant
gastroenterologists, five nurses, one pharmacist and one dietitian from specialised
intestinal failure centres in England. Data on key resources driving the cost of home
PS management were collected, along with associated costs and estimates of
utilisation. From this information, unit costs and resource use could be derived,
based on levels of patient PS dependence, additional drug usage and complications
other than those simulated directly in the cost-effectiveness model (line sepsis and
line fracture). Complications already captured in the model are not considered here
to avoid double counting. A summary of the resource use and unit costs used to
estimate PS health-state costs is given in Table 39 and Table 40, respectively. The
resulting health-state costs used in the economic model for the adult and paediatric
base case analyses are given in Table 41
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Table 41.

Table 39 Resource use for PS by health state
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Table 40 Unit costs for PS

Cost item Units Cost per unit Source

PS bag (=8 ingredients) band A | day/ week - Estimated from expert
discussion.

Delivery delivery/ -

month
Nurse time hour/ -
week

Taurolock day/ week -

Proton pump inhibitors day £10 British National
Formulary

Antimotility agents day £12 British National
Formulary

Fragmin 5 unit (0.2mL syringe) day £3 British National
Formulary

Ondansetron day £24 British National
Formulary

Specialist visits (adults) visit/ year £179 NHS reference costs,
2019-2020; Service
code
301,Gastroenterology;
Multiprofessional Non-
Admitted Face-to-Face
Attendance; WF02A-B
(weighted average);

Specialist visits (paediatrics) visit/ year £290 NHS reference costs,

2019-2020; Service
code 251, Paediatric
Gastroenterology;
Multiprofessional Non-
Admitted Face-to-Face
Attendance; WF02A-B
(weighted average);
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Haematology tests (paediatrics
only)

tests/ year

£2.53

NHS reference costs,
2019-2020; DAPS05
Haematology

Inflammatory markers
(paediatrics only)

tests/ year

£7.40

NHS reference costs,
2019-2020; DAPS06
Immunology

Clinical biochemistry
(paediatrics only)

tests/ year

£1.20

NHS reference costs,
2019-2020; DAPS04
Clinical biochemistry

Line sepsis

episode/
year

£5,715

NHS reference costs,
2019-2020; Sepsis
with intervention;
WJ06A-F (weighted
average)

Line sepsis requiring critical
care (adults)

period/
year

£1,666

NHS reference costs,
2019-2020; Adult
Critical Care; XC01Z-
XC07Z (weighted
average)

Line sepsis requiring critical
care (paediatrics)

period/
year

£2,391

NHS reference costs,
2019-2020; Paediatric
Critical Care; XB01Z-
XB07Z (weighted
average)

Line fracture occlusion

episode/
year

£575

NHS reference costs,
2019-2020; Attention
to Central Venous
Catheter; YR43A.

Formulary'4°

Abbreviations: PS, parenteral support
Sources: Takeda confidential data; NHS reference costs 2019-2020"43; British National
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Table 41 PS health state costs per cycle

Health state Cost per 28-day cycle Cost per 28-day cycle
(Adult base case) (Paediatric base case)

PS7 N I

PS6 ] |

PS5 ] |

PS4 I I

PS3 ] I

PS2 I |

PS1 ] |

PS0 I I

Abbreviations: PS, parenteral support

Note: Values for individual numbers of days per week on PS, aside from those directly
estimated in the costing study are linearly interpolated and extrapolated

Source: Takeda confidential data

Intestinal Failure-Associated Liver Disease (IFALD)

The costs of IFALD are taken from Crossan 20154 and uplifted to 2019-20 costs
using PSSRU 2020'4%. The average time spent in the three liver disease sub-health
states (estimated from Cavicchi et al. 2000'%°) is used to calculate a weighted
average of the cost per 28 days; this results in £2,775 per 28 days.

Table 42 Costs associated with IFALD

Health state Cost per month Proportion of time
spent in state (for
patients with IFALD)

Non-progressed liver disease £17 12%

Fibrosis £86 8%

Cirrhosis £3,477 80%

Overall IFALD (weighted £2,775

average)

Abbreviations: IFALD, intestinal failure-associated liver disease; PSSRU, Personal
Social Services Resource Unit

Sources: Crossan 201544 PSSRU'5; Cavicchi 200046

Chronic Kidney Disease (CKD)

In the model, CKD is included in the base case, and the assumption is made that all
patients with Stage V CKD require chronic dialysis; therefore, the monthly costs are
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calculated by taking the weighted average of all NHS reference costs for chronic
dialysis (LA08G and LA08P)'3, resulting in a cost per 28-day cycle of £2,384.

B.3.5.3 Adverse reaction unit costs and resource use

The rate of each AE was combined with the unit cost of completely resolving that
event to estimate the likely total cost of AEs incurred in each model cycle. Each AE
was assumed to be resolved within one 28-day model cycle. The unit cost of each
AE included in the model is presented in Table 43. Some AEs are assumed to have
a cost of resolution equal to zero; these AEs were judged by experts in the Delphi
panel to be largely transient, such that its management would not directly require
healthcare resources.

In some instances, there are several NHS reference spell cost codes that could
apply to a particular AE. In these cases, a weighted average of the appropriate costs
of resolution based on the recorded levels of activity in the NHS were used. This
estimates a cost that would represent the whole range of potential resource usages
associated with an AE. Additionally, the NHS does not report the same set of spell
costs in each annual iteration. Consequently, some costs of resolving AEs are taken
from earlier editions of the NHS reference spell costs. These were inflated to the
current price year as the other costs in the model.

There are some AEs for which no exactly corresponding NHS reference spell cost
could be found. In these instances, assumptions were made based on similarity of
potential resource usage, and these are noted in Table 43. For example, the cost of
resolution for abdominal pain was a weighted average — based on NHS activity
levels — of resolution costs for abdominal pain with and without the requirement for
additional treatment. The cost of resolution for abdominal distension was assumed to
be the same as the cost for abdominal pain. This assumption was applied due to the
similarity of the potential resource usage bundles involved in treating abdominal
distension.

Table 43 Adverse event costs of resolution included in the model

Adverse event NHS reference cost code used Cost °f.
resolution
. NHS reference costs, 2019-2020; Non-Malignant £839
Abdominal

Gastrointestinal Tract Disorders without Interventions,

distension with CC Score 0-2: FD10M

NHS reference costs, 2019-2020; Non-Malignant £839
Abdominal pain Gastrointestinal Tract Disorders without Interventions,
with CC Score 0-2; FD10M

NHS reference costs, 2019-2020; Inflammatory, Spine, £763

Arthralgia Joint or Connective Tissue Disorders, HD23 D-J

Bacteraemia Cost assumed to be captured by PS line sepsis costs. £0
Catheter-related Cost assumed to be captured by PS line sepsis costs. £0
infection
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Adverse event

NHS reference cost code used

Cost of

with CC Score 0-2; FD10M

resolution
Central line Cost assumed to be captured by PS line sepsis costs. £0
infection
Constibation NHS reference costs, 2019-2020; Outpatient £145
P gastroenterology (Code 301)
Decreased No cost assumed £0
appetite
Dehydration No cost assumed £0
Diarrhoea NHS reference costs, 2019-2020; Outpatient £145
gastroenterology (Code 301)
Dizziness NHS reference costs, 2019-2020; Non-Admitted Face £163
to Face Attendance, Follow-Up (Code 180)
Dvspnoea NHS reference costs, 2019-2020; Non-Admitted Face £163
ysp to Face Attendance, Follow-Up (Code 180)
Fatigue No cost assumed £0
Flatulence No cost assumed £0
Gastrointestinal NHS reference costs, 2019-2020; Outpatient £145
stoma gastroenterology (Code 301)
complication
Headache No cost assumed £0
Injection site NHS reference costs, 2019-2020; Non-Admitted Face £163
haematoma to Face Attendance, Follow-Up (Code 180)
Injection site pain NHS reference costs, 2019-2020; Non-Admitted Face £163
J to Face Attendance, Follow-Up (Code 180)
Muscle spasms NHS reference costs, 2019-2020; Non-Admitted Face £163
to Face Attendance, Follow-Up (Code 180)
Nausea NHS reference costs, 2019-2020; Outpatient £145
gastroenterology (Code 301)
Peripheral NHS reference spell costs, 2015-2016; YQ50A-F; £2.135
oedema uplifted to 2019/2020 costs using PSSRU 2020
Bacterial NHS reference spell costs, 2013-2014; WA03A-C; £3,994
overgrowth uplifted to 2019/2020 costs using PSSRU 2020
Pain NHS reference spell costs, 2013-2014; AB06Z; uplifted £730
to 2019/2020 costs using PSSRU 2020
Procedural site NHS reference costs, 2019-2020; Non-Admitted Face £163
reactions to Face Attendance, Follow-Up (Code 180)
Pvrexia NHS reference costs, 2019-2020; Non-Admitted Face £163
y to Face Attendance, Follow-Up (Code 180)
NHS reference costs, 2019-2020; Non-Malignant £839
Renal colic Gastrointestinal Tract Disorders without Interventions,

Company evidence submission template for teduglutide for treating short bowel syndrome

[1D3937]

© Takeda UK Ltd. (2021). All rights reserved

Page 146 of 166




Adverse event NHS reference cost code used Cost °f.
resolution

Small intestinal NHS reference costs, 2019-2020; Non-Malignant £839
Stenosis Gastrointestinal Tract Disorders without Interventions,

with CC Score 0-2; FD10M

NHS reference spell costs, 2015-2016; FZ91A-M, £2215
Upper respiratory | weighted average based on costs with and without
tract infection intervention; uplifted to 2019/2020 costs using PSSRU

2020
Urinary tract NHS reference spell costs, 2013-2014; LA04H-S; £3,032
infection uplifted to 2019/2020 costs using PSSRU 2020
Vomitin NHS reference costs, 2019-2020; Outpatient £145

9 gastroenterology (Code 301)

Weight decrease | No cost assumed £0
Weight increase No cost assumed £0

Abbreviations: NHS, National Health Service.

Note: Where a range of sequential codes is provided (e.g. FZ90A to FZ90B), a weighted
average based on recorded activity levels within that whole range (also provided in the
NHS reference spell costs) was used

Source: NHS reference costs 2019-2020'43; individual patient-level data from STEPS and
STEPS-2 (Appendix M)

B.3.5.4 Miscellaneous unit costs and resource use
No other costs were considered.

B.3.6 Summary of base-case analysis inputs and assumptions

B.3.6.1 Summary of base-case analysis inputs

Two base case analyses are provided to reflect some (albeit far from all) key
differences in cost-effectiveness between the adult and paediatric populations. A
summary of the inputs in the base case analyses is given in Table 44, with specific
values noted where they differ between the adult and paediatric base case analyses.

Table 44: Summary of variables applied in the economic model

Variable Value (reference to | Measurement of Reference to
appropriate table or | uncertainty and section in
figure in distribution: CI submission
submission) (distribution)

Model characteristics

Start age 50 years (Adult) Not varied B.3.2.2
6 years (Paediatrics)

Time horizon 50 years (Adults) Not varied B.3.2.2

94 years
(Paediatrics)
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Cycle length 28 days Not varied B.3.2.2
Proportion female 53.5% Not varied B.3.2.2
Discount rate 3.5% Not varied B.3.2
(costs and
benefits)
Transition probabilities
Health-state See Appendix M See Appendix M B.3.2.2
transition Appendix M
probabilities
Survival model for adults (Salazar et al. [Log-normal])
Mean 2.91 (2.39, 3.42) B.3.34
[Multivariate normal]
SD 0.51 (0.27,0.62)
[Multivariate normal]
Survival model for paediatrics (Pironi et al. [Exponential])
Rate -3.96 (-4.20,-3.71) B.3.34
[Normal]
Time on treatment model (Weibull)
Shape -0.48 (-1.03,0.07) B.3.3.3
[Multivariate normal]
Scale 7.31 (6.73,7.89)
[Multivariate normal]
Drug acquisition costs
Teduglutide - Not varied B.3.5.1
acquisition (per
cycle) [5 mg vial]
Health state costs (Adults)
PS0 ] ] B.3.5.2
PS 1 | - I
N
PS 2 | N B
I
PS 3 | - I
N
PS 4 | N B
I
PS5 | - I
N
PS 6 N N B
I
PS7 | - I
I
Health state costs (Paediatrics)
PS 0 | | | 1 B.352
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PS 1 | - I
I

PS 2 | - I
I

PS 3 ] - T
I

PS 4 | - I
I

PS5 ] - T
I

PS 6 | - I
I

PS7 | N B
I

Complication and adverse event treatment costs

Liver disease £2.775 (£1,796, £3,964)
[Gamma]

Renal dialysis £2,384 (£1,543, £3,406)
[Gamma]

Abdominal £839 (£543, £1,198)

distension [Gamma]

Abdominal pain £839 (£543, £1,198)
[Gamma]

Arthralgia £763 (£494, £1,090)
[Gamma]

Bacteraemia £0 Not varied

Catheter related £0 Not varied

infection

Central line £0 Not varied

infection

Constipation £145 (£94, £208) [Gamma]

Decreased £0 Not varied

appetite

Dehydration £0 Not varied

Diarrhoea £145 (£94, £208) [Gamma]

Dizziness £163 (£105, £233)
[Gamma]

Dyspnoea £163 (£105, £233)
[Gamma]

Fatigue £0 Not varied

Flatulence £0 Not varied

Gastrointestinal £145 (£94, £208) [Gamma]

stoma complication

Headache £0 Not varied
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Injection site

£163

(£105, £233)

haematoma [Gamma]
Injection site pain £163 (£105, £233)
[Gamma]
Muscle spasms £163 (£105, £233)
[Gamma]
Nausea £145 (£94, £208) [Gamma]
Peripheral oedema £2,135 (£1,382, £3,050)
[Gamma]
Bacterial £3,994 (£2,585, £5,705)
overgrowth [Gamma]
Pain £730 (£472, £1042)
[Gamma]
Procedural site £163 (£105, £233)
reactions [Gamma]
Pyrexia £163 (£105, £233)
[Gamma]
Renal colic £839 (£543, £1,198)
[Gamma]
Small intestinal £839 (£543, £1,198)
stenosis [Gamma]
Upper respiratory £2,215 (£1,434, £3,164)
tract infection [Gamma]
Urinary tract £3,032 (£1,962, £4,331)
infection [Gamma]
Vomiting £145 (£94, £208) [Gamma]
Decreased weight £0 Not varied
Increased weight £0 Not varied
Other costs
Colonoscopy £620 (£401, £886) B.3.5.1
[Gamma]
Adverse event rates per cycle (teduglutide 0-6 months)
Abdominal e T c:5:
distension
Abdominal pain I L1
Arthralgia I L 1
Bacteraemia I L 1
Catheter related - _
infection
Central line I 5P}
infection
Constipation I L 1
Decreased ] &
appetite
Dehydration ] L1
Diarrhoea - _
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Dizziness

Dyspnoea

Fatigue

Flatulence

Gastrointestinal
stoma complication

Headache

Injection site
haematoma

Injection site pain

Muscle spasms

Nausea

Peripheral oedema

Bacterial
overgrowth

Pain

Procedural site
reactions

Pyrexia

Renal colic

Small intestinal
stenosis

Upper respiratory
tract infection

Urinary tract
infection

Vomiting

Decreased weight

Increased weight

1
I 00

Abdominal
distension

Abdominal pain

Arthralgia

Bacteraemia

Catheter related
infection

Central line
infection

Constipation

Decreased
appetite

Dehydration

Diarrhoea

bbbk
1110

Adverse event rates per cycle (teduglutide; after 6 months)
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Dizziness

Dyspnoea

Fatigue

Flatulence

Gastrointestinal
stoma complication

Headache

Injection site
haematoma

Injection site pain

Muscle spasms

Nausea

Peripheral oedema

Bacterial
overgrowth

Pain

Procedural site
reactions

Pyrexia

Renal colic

Small intestinal
stenosis

Upper respiratory
tract infection

Urinary tract
infection

Vomiting

Decreased weight

Increased weight

1
I 00

Abdominal
distension

Abdominal pain

Arthralgia

Bacteraemia

Catheter related
infection

Central line
infection

Constipation

Decreased
appetite

Dehydration

Diarrhoea

bbbk
1110

Adverse event rates per cycle (standard care)
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Dizziness

Dyspnoea

Fatigue

Flatulence

Gastrointestinal
stoma complication

Headache

Injection site
haematoma

Injection site pain

Muscle spasms

Nausea

Peripheral oedema

Bacterial
overgrowth

Pain

Procedural site
reactions

Pyrexia

Renal colic

Small intestinal
stenosis

Upper respiratory
tract infection

Urinary tract
infection

Vomiting

Decreased weight

Increased weight

1
I 00

Risk of complications

IFALD rate (0-2 0.000% (0.000%,0.000%)
years) [No PS] [Beta]

IFALD rate (0-2 0.013% (0.008%,0.018%)
years) [Low PS] [Beta]

IFALD rate (0-2 0.026% (0.017%,0.037%)
years) [Mid PS] [Beta]

IFALD rate (0-2 0.039% (0.025%,0.055%)
years) [High PS] [Beta]

IFALD rate (2-6 0.000% (0.000%,0.000%)
years) [No PS] [Beta]

IFALD rate (2-6 0.006% (0.004%,0.009%)
years) [Low PS] [Beta]

IFALD rate (2-6 0.013% (0.008%,0.0018%)

years) [Mid PS]

[Beta]
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IFALD rate (2-6 0.000% (0.000%,0.000%)
years) [High PS] [Beta]

IFALD rate (6+ 0.019% (0.013%,0.028%)
years) [No PS] [Beta]

IFALD rate (6+ 0.000% (0.000%,0.000%)
years) [Low PS] [Beta]

IFALD rate (6+ 0.006% (0.004%,0.009%)
years) [Mid PS] [Beta]

IFALD rate (6+ 0.013% (0.008%,0.019%)
years) [High PS] [Beta]

Extensive fibrosis 0.020% (0.013%,0.028%)
rate (0-2 years) [Beta]

Extensive fibrosis 2.38% (1.54%,3.40%) [Beta]
rate (2+ years)

Cirrhosis rate (0-3 0.98% (0.63%,1.40%) [Beta]
years)

Cirrhosis rate (0-3 1.30% (0.84%,1.86%) [Beta]
years)

CKD rate (0-1 1.20% (0.78%,1.71%) [Beta]
year) [No PS]

CKD rate (0-1 0.00% o o

year) [Low PS] (0.00%,0.00%) [Betal]
CKD rate (0-1 0.03% (0.02%,0.04%) [Betal]
year) [Mid PS]

CKD rate (0-1 0.05% (0.03%,0.07%) [Betal]
year) [High PS]

CKD rate (1-2 0.08% (0.05%,0.11%) [Betal]
year) [No PS]

CKD rate (1-2 0.00% (0.00%,0.00%) [Betal]
year) [Low PS]

CKD rate (1-2 0.03% (0.02%,0.04%) [Betal]
year) [Mid PS]

CKD rate (1-2 0.05% (0.03%,0.07%) [Betal]
year) [High PS]

CKD rate (2+ year) 0.08% (0.05%,0.11%) [Beta]
[No PS]

CKD rate (2+ year) 0.00% (0.00%,0.00%) [Betal]
[Low PS]

CKD rate (2+ year) 0.01% (0.01%,0.01%) [Beta]
[Mid PS]

CKD rate (2+ year) 0.02% (0.01%,0.03%) [Beta]
[High PS]

Utilities

No PS 0.820 (0.44,0.99) [Beta] B.3.4.5
Disutility PS 1 day -0.040 (-0.03,-0.06) [Betal]
per week
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Disutility PS 2 days -0.100 (-0.06,-0.14) [Beta]
per week

Disutility PS 3 days -0.170 (-0.11,-0.24) [Beta]
per week

Disutility PS 4 days -0.240 (-0.15,-0.34) [Beta]
per week

Disutility PS 5 days -0.310 (-0.2,-0.44) [Beta]
per week

Disutility PS 6 days -0.410 (-0.26,-0.57) [Beta]
per week

Disutility PS 7 days -0.460 (-0.29,-0.64) [Beta]
per week

Carer utility PSO 0 Not varied
Carer utility -0.10 (-0.13,-0.29) [Beta]
decrement PS1

Carer utility -0.10 (-0.13,-0.29) [Beta]
decrement PS2

Carer utility -0.10 (-0.13,-0.29) [Beta]
decrement PS3

Carer utility -0.17 (-0.21,-0.47) [Beta]
decrement PS4

Carer utility -0.17 (-0.21,-0.47) [Beta]
decrement PS5

Carer utility -0.22 (-0.28,-0.62) [Beta]
decrement PS6

Carer utility -0.22 (-0.28,-0.62) [Beta]
decrement PS7

Liver disease 0.596 (0.53,0.66) [Beta]
(Overall) utility

value

Non-progressed 0.770 (0.43,0.97) [Beta]
Liver disease Utility

value

Extensive fibrosis 0.660 (0.39,0.88) [Beta]
Utility value

Cirrhosis Utility 0.570 (0.35,0.78) [Beta]
value

CKD V Utility value 0.710 (0.41,0.93) [Beta]
Abdominal -0.0512 (-0.03,-0.07) [Beta]
distension

Abdominal pain -0.0512 (-0.03,-0.07) [Beta]
Arthralgia -0.023 (-0.01,-0.03) [Beta]
Bacteraemia -0.52 (-0.32,-0.72) [Beta]
Catheter related -0.52 (-0.32,-0.72) [Beta]
infection

Central line -0.52 (-0.32,-0.72) [Beta]
infection
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Constipation -0.0512 (-0.03,-0.07) [Beta]
Decreased 0 Not varied
appetite

Dehydration 0 Not varied
Diarrhoea -0.0512 (-0.03,-0.07) [Beta]
Dizziness 0 Not varied
Dyspnoea 0 Not varied
Fatigue 0 Not varied
Flatulence 0 Not varied
Gastrointestinal 0 Not varied
stoma complication

Headache 0 Not varied
Injection site -0.03 (-0.02,-0.04) [Beta]
haematoma

Injection site pain -0.03 (-0.02,-0.04) [Beta]
Muscle spasms 0 Not varied
Nausea 0 Not varied
Peripheral oedema -0.0508 (-0.03,-0.07) [Beta]
Bacterial -0.52 (-0.32,-0.72) [Beta]
overgrowth

Pain 0 Not varied
Procedural site -0.03 (-0.02,-0.04) [Beta]
reactions

Pyrexia 0 Not varied
Renal colic 0 Not varied
Small intestinal -0.0512 (-0.03,-0.07) [Beta]
stenosis

Upper respiratory -0.09 (-0.06,-0.13)
tract infection

Urinary tract -0.09 (-0.06,-0.13)
infection

Vomiting -0.0512 (-0.03,-0.07)
Decreased weight 0 Not varied
Increased weight 0 Not varied

Abbreviations: Cl, confidence interval; CKD, chronic kidney disease; IFALD, intestinal
failure-associated liver disease; PS, parenteral support

B.3.6.2 Assumptions

An outline of the key assumptions applied in the economic model is given in
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Table 45, along with a justification for each. A list of alternative assumptions
explored as scenario analyses is also shown alongside. The results of these
scenario analyses are given in section B.3.8.3.
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Table 45. Base case analysis assumptions

Input/Parameter

Source/Assumption

Justification

Alternative scenarios

Discount rate

3.5% annual discounting applied for both
costs and QALYs.

As per the NICE reference case.

Discount rate of 1.5% for costs
and QALYs as per NICE
methods guide Section
6.2.19'47.

Teduglutide gives the
opportunity for patients to be
restored to near full health from
an otherwise severely impaired
life. This impact is also expected
to be life-long and therefore a
1.5% discount rate should be
considered by the Appraisal
Committee.

Health-state
transition
probabilities for the
teduglutide group.

Estimated from pooled STEPS/STEPS-2
and PSP data.

The STEPS/STEPS-2 data provides a
cohort of 42 patients who received
teduglutide for up to 30 months.

The PSP cohort provides data for up to 12
months of treatment. To account for
patients with <12 months of data, a last-
value-carried-forward approach was taken
to impute values up to 12 months. This is
likely to be a very conservative
assumption, as the patients who have only
been on teduglutide for a shorter time will
not have had chance to experience the full
benefits.

Includes the data that is most

reflective of clinical practice (PSP)
and the clinical trial data that most
closely aligns with this to ensure the
sample size is sufficient to give robust

results.

Using only STEPS/STEPS-2
data.

This applies to all parameters
informed by these data, i.e.,
starting population distributions,
health-state transitions, and
treatment discontinuation
modelling.
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Health-state
transition
probabilities for the
standard care

group.

Patients remain in their stable PS health-
state.

As patients are required to achieve a
stable PS level while receiving
standard care before commencing
teduglutide, these patients are
assumed to remain stable.

No clinically plausible
alternatives to explore.

Survival

Survival of adult patients based on survival
modelling in Salazar 2021%7; survival of
paediatric patients based on Pironi
2011126,

No treatment-related mortality benefit is
assumed in either base case.

Salazar 202127 and Pironi 201126
provides the most recently published
survival data identified relevant to the
adult/paeditraic SBS-IF population.
Clinical experts suggested that SBS-
IF management and therefore
survival has improved in recent years
and it is therefore important to

capture the most up-to-date evidence.

No suitable data exist that can
disentangle PS-related vs SBS-IF-
related mortality. Assuming no
survival benefit is likely to be
conservative, as a mortality benefit
from reduced PS-associated
complications is plausible.

Amiot 2013%* (adult base case
only)

Time on treatment

Estimated using survival models
extrapolated from pooled STEPS/STEPS-
2 and PSP data to align with health-state
transitions.

The best fitting Weibull model was used.

Most reliable source of
discontinuation data available and it
aligns with the treatment
effectiveness data.

The Weibull model provided the best
fit to the data.

Alternative models:
e Log-logistic
e Lognormal

No further discontinuation after
stopping rule.
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Health-state
distribution of those
who discontinue
teduglutide.

Estimated using the pooled
STEPS/STEPS-2 and PSP data for those
who discontinued treatment at any time.

Assumed constant until stopping rule is
applied.

After the stopping is applied, the
distribution is recalculated from the same
datasets but using only the patients who
discontinued but would not be captured by
the stopping rule i.e. those that achieved a
benefit before the (12 month) stopping rule
but discontinued thereafter.

Source of data aligns with the data
used to inform the health-state
transition probabilities as well as the
rates of discontinuation.

A time-varying distribution was not
appropriate due to the diminishing
number of discontinuation events
occurring with time.

Assuming no discontinuations post-12
months is not clinically plausible

None.

Health-state
distribution after
discontinuation.

(Reversion to
baseline)

Estimated using the baseline PS
requirements from the pooled
STEPS/STEPS-2 and PSP data for those
who discontinued treatment at any time
and assumed to occur immediately post-
discontinuation of treatment.

Clinical expert opinion suggests that
patients would not be able to sustain
benefits achieved while on
teduglutide treatment unless they
continued to use it. Reversion to
baseline (or close to baseline) is likely
to occur within a matter of weeks after
discontinuation. Clinicians did note
however that patients may be able to
sustain a small amount of the benefit
achieved and that (to ensure a
healthy nutritional balance) reversion
would be managed over 2-8 weeks,
and therefore this is likely to be a
conservative assumption.

None

Treatment stopping
rule

Patients who have not achieved a
reduction in days of PS per week are
assumed to stop teduglutide at 12 months.

Aligns with the SmPC and anticipated
clinical management.

No clinically relevant
alternatives.

Health-state utility
values

Based on the health-state utility values
reported in Ballinger 2018113

Ballinger 20183 is the only reliable
source of data providing plausible
health-state utility values from a UK
perspective.

Lachaine 20168% provides an
alternative set of plausible utility
values by PS days per week but
from a Canadian perspective.
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Complications

Complication rates for intestinal-failure-
related liver disease and chronic kidney
disease are included based on estimates
elicited from a Delphi panel'?’. These rates
are stratified by PS requirements, with
maximum rates for the highest PS
consumption

Patients’ baseline PS requirements are
used to estimate risks of complications for
PS dependence in the alternative scenario
in which a reduction in risk is only
assumed for those who achieve
independence.

Published data informing the rates of
complications related to PS is limited.
However, as these complications
have been linked to PS, it seems
reasonable that reducing PS with
teduglutide treatment will reduce
incidence.

An alternative scenario where a
benefit is only achieved if PS
independence is achieved.

Adverse events

Based on STEPS trial data for teduglutide
and standard care.

Most reliable source of data available
to inform safety.

Limit to severe adverse events
only.

Paediatric base
case analysis (see
B.3.2.1)

All inputs are the same as for adults,
except for:

» Starting age 6 years (vs 50 in adults)
» Time horizon 94 years (vs 50 in adults)

* Survival data modelled using Pironi 2011
(vs Salazar 2021 in adults)

* Paediatric-specific hospital costs for
specialised visits and line sepsis

Different starting age, time horizon
and survival modelling reflect
children’s younger age and longer
expected lifetime.

Clinical feedback suggests children

have longer hospital stays and more
frequent hospitalisation, reflected in

the higher hospital costs.

Even with these assumptions, our

paediatric base case is still likely to
be conservative (see B.3.2.1).

No additional paediatric-specific
alternative scenarios.

Abbreviations: PS, parenteral support ; SmPC, Summary of Product Characteristics; PSP, patient support programme; SBS-IF, short bowel
syndrome with type 3 intestinal failure; QALYs, quality-adjusted life years
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B.3.7 Base-case results

B.3.7.1 Base-case incremental cost-effectiveness analysis results

The base case results for teduglutide compared to standard care in the adult population are given in Table 46, and the results for
the paediatric base case analysis are given in Table 47. Both sets of results incorporate the current PAS discount for teduglutide of

Table 46: Base-case results (adults)

Technologies | Total costs | Total Total Incremental Incremental Incremental ICER versus baseline
(£) LYG QALYs costs (£) LYG QALYs (E/QALY)

Standard HE | | - - - -

Care

Tedugiutide | NN | TN | I | | £16,652

Abbreviations: ICER, incremental cost-effectiveness ratio; LYG, life years gained; QALY's, quality-adjusted life years

Table 47: Base-case results (paediatrics)

Technologies | Total costs | Total Total Incremental Incremental Incremental ICER versus baseline
(£) LYG QALYs costs (£) LYG QALYs (E/QALY)

Standard HE | - - - -

Care

Teduglutide | N | T ] I ] ] £4,811

Abbreviations: ICER, incremental cost-effectiveness ratio; LYG, life years gained; QALY's, quality-adjusted life years
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B.3.8  Sensitivity analyses

B.3.8.1 Probabilistic sensitivity analysis

To capture the uncertainty of all parameters within the economic model, a probabilistic sensitivity analysis (PSA) was performed to
assess the impact of this uncertainty on the results of the base case analyses. All parameters were randomly sampled
simultaneously based on the distribution and parameter information given in Table 44 (see B.3.6.1)

The PSA was performed using 10,000 parameter samples for both the adult and paediatric base case analyses. The mean
probabilistic results for the adult and paediatric base cases are given in Table 48 and Table 49, respectively.

Table 48: Probabilistic sensitivity analysis results (adults)

Technologies | Total costs (£) | Total QALYs | Incremental costs (£) | Incremental QALYs | ICER versus baseline (£/QALY)

Standard Care _ -
Teduglutide ] | ] ] | ] £18,962

Abbreviations: ICER, incremental cost-effectiveness ratio; LYG, life years gained; QALYs, quality-adjusted life years

Table 49: Probabilistic sensitivity analysis results (paediatric)

Technologies | Total costs (£) | Total QALYs | Incremental costs (£) | Incremental QALYs | ICER versus baseline (£/QALY)

Standard Care | |GG | ]
Teduglutide ] ] ] ] £5,404

Abbreviations: ICER, incremental cost-effectiveness ratio; LYG, life years gained; QALYs, quality-adjusted life years

A scatterplot showing the spread of the PSA sampled results for each base case is given in Figure 30, showing the majority of PSA
samples fall under the upper NICE-preferred willingness-to-pay threshold of £30,000 per QALY.
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Figure 30. Cost-effectiveness plane with 10,000 PSA samples for A) adult base
case and B) paediatric base case

A)
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A cost-effectiveness acceptability curve for each of the two base case analyses is
also given in Figure 31, demonstrating the likelihood of cost-effectiveness at varying
willingness-to-pay thresholds.

Figure 31. Cost-effectiveness acceptability curve for A) adult base case and B)
paediatric base case
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B.3.8.2 Deterministic sensitivity analysis

One-way sensitivity analyses were performed to assess the impact of each individual
parameter while others were kept constant. Each parameter was varied using the
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upper and lower bounds of the confidence intervals for each parameter, given in
Table 44.

The results of the ten most sensitive parameters for the adult and paediatric base
case analyses are depicted in Figure 32 and Figure 33, respectively.

Figure 32. One-way sensitivity analysis results for ten most sensitive
parameters (adult base case)

—

Figure 33. One-way sensitivity analysis results for ten most sensitive
parameters (paediatric base case)

—
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B.3.8.3 Scenario analysis
The results of the scenario analyses described alongside the base case inputs and

assumptions in
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Table 45 are given in Table 50 and Table 51, relative to the adult base case and
paediatric base case, respectively.

Table 50 Summary of scenario analyses (adults)

Model component Base case Scenario Relevant ICER
section of (E/QALY)
submission
Base case £16,652
Discount rate 3.5% for both 1.5% for both B.3.2
costs and costs and £9,339
QALYs QALYs.
Data source STEPS/STEPS- | STEPS/STEPS- | B.3.3.1
2 and PSP data | 2 only £20,413
pooled
Survival modelling Salazar 2021 Salazar 2021 B.3.3.4 £19.836
(Log-normal) (Exponential) ’
Salazar 2021 £18.545
(Log-logistic) :
Amiot 2013 £91 573
(Gen.gamma) :
Amiot 2013 £93 543
(Log-normal) ’
Amiot 2013 £04 083
(Log-logistic) ’
Treatment Weibull Log-normal B.3.3.3 £18,645
discontinuation Log-logistic
model g-log £17,089
Treatment Rate based on | No further B.3.3.3.2
discontinuation extrapolated discontinuation £37 459
assumptions after survival model after stopping ’
stopping rule. rule
Heath-state utility Ballinger 2018 Lachaine 2016 | B.3.4.5 £20.846
data source :
Complications Based on Assumes B.3.3.5
Delphi panel benefit only
rates achieved for PS
0 (based on
Delphi panel £17,609
rates applied to
baseline PS for
all others)
No £20,949
complications
Adverse events All adverse Serious B.3.4.3
events adverse events £20,247
only
Carer quality of life Delphi panel B.3.4.4 £14,533
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Mid-point of
Delphi panel
and survey

Survey

£19,494

Abbreviations: ICER, incremental cost-effectiveness ratio; QALYSs, quality-adjusted life
years; PS, parenteral support; PSP, patient support programme

Table 51 Summary of scenario analyses (paediatrics)

Model Base case Scenario Relevant ICER
component section of (E/QALY)
submission
Base case £4.811
Discount rate 3.5% for both costs | 1.5% for both costs | B.3.2 Dominates
and QALYs and QALYSs.
Data source STEPS/STEPS-2 STEPS/STEPS-2 B.3.3.1
and PSP data only £8,400
pooled
Treatment Weibull Log-normal B.3.3.3 £6,394
discontinuation Log-logistic
model 9-10g £5,149
Treatment Rate based on No further B.3.3.3.2
discontinuation extrapolated discontinuation £95 381
assumptions after | survival model after stopping rule ’
stopping rule
Heath-state utility | Ballinger 2018 Lachaine 2016 B.3.4.5 £5 835
data source ’
Complications Based on Delphi Assumes benefit B.3.3.5
panel rates only achieved for
PS 0 (based on £5 844
Delphi panel rates ’
applied to baseline
PS for all others)
No complications £9,728
Adverse events All adverse events Severe adverse B.3.4.3 £7 827
events only ’
Carer quality of Mid-point of Delphi Delphi panel B.3.4.4 £4,049
life panel and survey Survey £5 928

Abbreviations: ICER, incremental cost-effectiveness ratio; QALYs, quality-adjusted life
years; PS, parenteral support; PSP, patient support programme

B.3.8.4 Summary of sensitivity analyses results

The scenarios performed demonstrate that the base case analysis is robust to
plausible alternative assumptions and data sources. For the adult scenario analyses,
all but one resulted in an ICER below the £30k per QALY willingness-to-pay
threshold. The scenario that assumes that no further treatment discontinuation
occurs after the stopping rule raised the ICER above the £30k per QALY willingness-
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to-pay threshold; however, this scenario is not clinically plausible and merely acts as
a maximum upper bound when considering the uncertainty around the benefits lost
by those who discontinue.

For the paediatric scenario analyses, all but one were consistent with the base case
analysis in demonstrating ICERs well below NICE’s lower willingness-to-pay
threshold of £20k. Again, the scenario that assumes no further treatment
discontinuation occurs after the stopping rule was the outlier. However, the ICER for
this scenario was still under the £30k per QALY willingness-to-pay threshold, thus,
providing strong support that teduglutide represents a very cost-effective treatment.

B.3.9 Subgroup analysis
No subgroup analyses were performed.

B.3.10 Validation

B.3.10.1 Validation of the cost-effectiveness analysis

To ensure the economic model is fit for purpose and provides reliable results suitable
for decision making, the use of data sources and key assumptions applied in the
model were validated at an advisory board consisting of three clinicians experienced
in the treatment of SBS-IF, covering both adults and paediatrics. There was
consensus that the data sources used were appropriate and the assumptions made
were clinically plausible®?.

Advice from expert health economists was also obtained to discuss how the
evidence was incorporated into the model and the justifications for key assumptions
applied in the model. While acknowledging some uncertainties in the evidence base,
the experts considered the approach taken for the economic analyses to be
appropriate and justifications for the evidence used and the assumptions applied to
be sound.

The model was also quality assured by a health economist not involved in the
development of the model, to ensure that the inputs applied in the model were
accurate and the functionality of the model reliable. The model was considered fit for
purpose with no major issues identified. All minor issues were amended before
submission of the model.

The validity of the outputs of the economic model were assessed by comparing the
predicted clinical outcomes against those observed in the STEPS trials and, more
importantly, the more clinically generalisable real-world outcomes. For the base case
analysis, the model predicts that 22% of people receiving teduglutide achieve PS
independence, compared to a total of [ who actually achieved independence
across the STEPS, STEPS-2 and PSP study populations combined.

our model leans heavily on STEPS and STEPS-2 data, it is likely that more than
Il of patients would actually be able to achieve independence from PS in the
real-world.
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The model, therefore, is underestimating the benefits of teduglutide, and although
the difference may seem slight, the proportion of patients who achieve PS
independence is a key driver of the model results. This is because it not only
provides additional QALY gains, but also a larger cost saving by removing not just an
additional PS bag, but also the need for any of the expensive fixed costs of PS
treatment incurred by all PS dependent patients.

Published cost-effectiveness analyses (Raghu 2020'"°) do not provide a reliable
source to validate outputs of the economic model, as their analyses were based on a
US costs perspective and were based on the list price of teduglutide. Their modelling
approach was also much more simplistic as it assumed all patients started on 7 days
of PS per week, and probabilities of transitioning were based on achieving either a
one day reduction or achieving a reduction of greater than two days. Their model
also used outdated mortality data and did not consider the impact on carers.
However, their model followed the same general structure and used health-state
utility values from the same source as our model, as was also accepted by the
committee in NICE appraisal TA690.

B.3.11 Interpretation and conclusions of economic evidence

The results of the economic analyses presented demonstrate that treatment with
teduglutide for patients with short bowel syndrome and type 3 intestinal failure (SBS-
IF) represents a cost-effective use of NHS resources. Teduglutide provides large
quality-of-life benefits to patients whose lives are heavily restricted by their
dependence on parenteral support (PS):

Given the nature of SBS-IF as an ultra-rare disease and teduglutide as a life-long
treatment, there is inherent uncertainty within the data and therefore the economic
analyses also. Every effort has been made to obtain as much relevant evidence as
possible to mitigate the uncertainties in the analysis. This includes extensive use of
real-world data both as a model input and to validate model assumptions. This extent
of real-world data is not normally available for use in NICE submissions. Where it
was not possible to resolve uncertainties within the data, we opted to take a
conservative approach. Examples of this include:

e Our model assumes no further reduction in PS after 30 months (end of
STEPS-2), whereas some clinical data show continued improvement is
possible beyond this time(see B.2.6.2.2)

e Patient support programme (PSP) data (which represent the model input most
reflective of teduglutide’s real-world effectiveness) only contributes towards

the first 12 months of transition probabilities in our model.
ﬂ (see

B.3.3.2). Additionally, to account for the irregular follow-up in the PSP data,

the last value recorded was carried forward to estimate the number of people

in each state at each 6-month interval. This represents a potentially
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conservative approach as patients may have been able to achieve further
benefits within the 6 month intervals that have not been captured

e Upon discontinuing teduglutide, our model assumes all patients immediately
revert to their baseline PS needs, whereas clinical data and expert opinion
suggest reversion may not be complete and takes longer (see B.3.3.3.3)

Furthermore, all relevant clinically plausible scenario analyses and sensitivity
analyses have been performed to demonstrate the impact of these uncertainties. A
majority of probabilistic sensitivity analysis samples fall within NICE’s willingness-to-
pay threshold (a vast majority for the paediatric analysis). Our model estimates that
teduglutide has a ~60% probability of being cost effective for adults (~80% for
children) at a willingness-to-pay threshold of £30,000 per QALY. This demonstrates
that despite the uncertainty, and including conservative assumptions, teduglutide is
likely to be a cost-effective use of NHS resources.

Despite the ultra-rare nature of SBS-IF (an estimated 350 patients are eligible to
receive teduglutide in England’ '%); the chronic and disabling nature of treatment
with PS; and the likelihood of life-long requirements for the treatment, teduglutide
was not considered suitable to be appraised via NICE'’s highly specialised
technology (HST) appraisal route. As such, teduglutide is being assessed via the
single technology appraisal (STA) route, with a willingness-to-pay threshold ten-fold
lower. This puts SBS-IF patients at risk of being restricted access to a potentially life-
changing treatment because the willingness-to-pay is on par with that of highly
prevalent and less severe diseases. In this light, our base case analyses, with ICERs
<£20,000 per QALY gained, represent a very cost-effective treatment in an ultra-rare
setting. It should be noted that these considerations were taken into account by other
HTA bodies meaning that teduglutide is already available in many other parts of the
world, including in Scotland? 3.

Further to this, there are wider societal benefits that treatment with teduglutide and
reducing the need for PS dependence can bring that cannot be explicitly captured
within the economic analysis.

I . There is, therefore, a

wider societal benefit that treatment with teduglutide brings beyond that captured in
the economic analysis.

The current standard care, PS combined with best supportive care, represents
essential life preserving treatment with high costs, complication risks, and severe
impacts on the quality-of-life of patients’ and their caregivers. The innovation of
teduglutide, however, provides patients with this ultra-rare disease the opportunity to
live a life less restricted by PS. A positive NICE recommendation for teduglutide
would provide patients with a chance to reduce their dependence on PS, an
opportunity that does not otherwise exist. This represents a huge improvement in
patients’ ability to socialise, travel, work and sleep; better mental wellbeing; reduced
burden on intimate relationships; and freedom from medical issues and stress
resulting from serious PS-associated complications.
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Representatives of patient advocacy groups talk of how gaining independence from
PS, “must feel like freedom has come at last’.
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Section A: Clarification on effectiveness data

Methods used to assess the clinical effectiveness evidence

A1. Appendix D, Section D.1.8 Please clarify how many reviewers conducted risk
of bias assessment of the studies identified by the systematic reviews (and their

updates) and whether reviewers worked independently.

We can confirm that quality assessments were performed by one reviewer and then

checked and validated by a second independent reviewer.

A2. Appendix D (SLR report). Please provide a complete version of Appendix D.
The ERG notes that the page numbers suggest there may be missing pages (e.g.,

the document starts at page 5 and there is missing text on pages 9 and 16).

We have amended the pagination and made sure there is no missing wording in the

version of the clinical systematic literature review report provided below:

=1

L

linical
SLR_2021.docx
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A3. Document B, Section B.2.2.1, Table 6. The reason for excluding studies
SHP633-303 and TED-C14-004 is given as “Japanese population deemed less

applicable to the UK’. Please clarify the rationale for this statement.

We would first like to clarify that this question should refer to SHP633-302 (a study of
teduglutide in Japanese paediatric patients) rather than SHP633-303 (a study of
teduglutide in paediatric patients that was an extension to C13).

In summary, we considered that these two studies had weak internal and external
validity. Given the stronger internal and external validity of the data we present in
Document B, Section B.2, we felt on balance that these two studies did not
contribute significantly to an understanding of the clinical and cost effectiveness of
teduglutide in the UK.

An overview of the design for both studies in Japanese patients can be seen in
Table 1. Both studies were small in size, open-label and feature no comparator arm,
all aspects that limit the internal validity and hence conclusions that can be drawn
from the study. In addition, data from the 2011 census show that at most 2.2% of the
UK population are of East Asian descent (Chinese + Asian Other’). This underlines
that the two studies in exclusively Japanese patients lack external validity in terms of
relevance to the UK. This is to be expected given that SHP633-302 and TED-C14-
004 were designed as ‘bridging’ studies to confirm the efficacy and safety of

teduglutide in a different ethnic group than the core clinical studies.

Table 1: Overview of the study design of the two clinical studies in Japanese

patients
Study SHP633-3022 TED-C14-0043
Population Japanese patients with SBS-IF | Japanese adults (=16 years)
aged 4 months to 15 years with SBS-IF
Duration of study 24 weeks 24 weeks
Intervention Teduglutide 0.05 mg/kg/day Teduglutide 0.05 mg/kg/day
Comparator None — single arm None — single arm
Number of patients 10 (2 patient <1 year old) 11
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Sources: Data from ClinicalTrials.gov? 3

Abbreviations: SBS-IF, short bowel syndrome with type 3 intestinal failure

In addition to the weak internal and external validity, the populations of these two
studies do not align with our present decision problem. Twenty percent of patients
recruited to study SHP633-302 were <1 year old, a cohort for which teduglutide is
not licensed in Europe or the UK#, and which are not in the scope of this decision
problem. Additionally, the definition of ‘adult’ used in TED-C14-004 was =16 years,
notably not aligned with the definition used in STEPS (=18 years).

Our economic model is built on data from three sources: STEPS (randomised
controlled trial in North American and European patients, including patients from the
UK), STEPS-2 (long-term extension study in North American and European patients,
again including UK patients) and a Patient Support Programme (PSP; real-world
data from Australian patients). In addition, our dossier makes reference to two
clinical trials conducted in a paediatric population (C14 and C13), both of which
recruited patients from the UK, had a control arm (albeit without randomisation), and
are suitable for confirming the efficacy of teduglutide in children. We felt that the
addition of two small, uncontrolled studies in a substantially different population was

of little value.
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A4. Document B Sections B.2.3.5, Table 10, B.2.6.4, Table 15, and B.2.6.4.2,

Table 16. The number of patients with colon in-continuity is quite high in some of the
trials and real world evidence studies (>50%). This may explain some of the benefit

seen in terms of reduction of days on PS as the colon absorbs liquid. Please provide

comparable data for end stomas if this is available.

The number of patients with an end-stoma (and with colon-in-continuity) across

clinical and real world studies of teduglutide is provided in Table 2.

Table 2: Number of patients with colon-in-continuity and end-stoma across
STEPS, the PSP and real-world studies

Study Number of | Patients with colon-in- Patients with end-
patients continuity, n (%) stoma, n (%)

STEPS TED arm | 43 26 (61%) 21 (49%)

STEPS PBO arm | 43 23 (54%) 17 (40%)

PSP || I I

Joly 2020 54 35 (65%) NR

Lam 2018 18 15 (83%) 3(17%)

Martin 2021 31 16 (52%) 15 (48%)

Pevny 2019 27 21 (78%) 6 (22%)

Puello 2020 18 9 (50%) 10 (56%)

Schoeler 2018 14 9 (64%) NR

Tamara 2020 4 1(25%) 3(75%)

Ukleja 2018 6 3 (50%) 3 (50%)

Abbreviations: PBO, placebo; PSP, patient support programme; TED, teduglutide

Source: STEPS primary publication®; STEPS CSR®; STEPS-2 primary publication”;
STEPS-2 CSRE; real-world study publications®16
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We recognise that there is variability across sources of data with respect to the
proportion of patients with colon-in-continuity and end-stoma. However, we would

like to highlight three points with respect to these data.

Firstly, following randomisation, the teduglutide and placebo arms in STEPS were
well-balanced with respect to both characteristics (the differences between study
arms are not statistically significant). The conclusions of the STEPS study, that
teduglutide is more efficacious than placebo in allowing patients with short bowel
syndrome and type 3 intestinal failure (SBS-IF) to reduce parenteral support (PS),

are robust®.

Secondly, the percentage of patients with colon-in-continuity and end-stoma in the
studies that are ‘core’ to our economic model (STEPS teduglutide arm and the PSP)
sit comfortably within the ranges across all studies in Table 2 (61% and 48%,
respectively within a range for colon-in-continuity of 25%—-83%; 49% and 48%,
respectively within a range for end-stoma of 17%—75%). This suggests that patients
within STEPS and the PSP are representative of this small and heterogenous patient
group. The results of STEPS and the PSP therefore have high external validity with
regards the wider SBS-IF population.

Thirdly, because the patient cohort in STEPS was representative of the wider patient
population, our conclusion that the weaning algorithm in STEPS inhibited patients
gaining independence from PS is robust. As shown in Figure 15 of Document B

(B.2.6.4.1, p 63), at every time point the percentage of patients who gained
independence from PS lags behind all real-world studies. | EGcIENGE

Taken together, we can conclude that the presence of colon-in-continuity and end-
stoma within patients in STEPS was balanced between study arms and therefore did
not contribute to any difference in treatment effect between the teduglutide and

placebo arms. The presence of colon-in-continuity and end-stoma within patients in

Clarification questions Page 6 of 49



STEPS was also representative of patients treated with teduglutide in the real-world.
Therefore our conclusion that in the real-world, patients are more capable of
achieving PS independence (compared to in STEPS) remains robust. We remain of
firm belief that it is the weaning protocol of STEPS (which restricts the ability of
patients to gain independence from PS, and is not applied in real-world treatment)

that has driven the difference in treatment outcomes we see across these studies.

Placebo response in STEPS

A5. Section B.2.6.1.4. Arguments are provided to support the assertion that the
placebo response in STEPS is an artefact of the weaning algorithm applied. Please
comment on the types of interventions the subjects underwent during follow up
reviews? For example, were medications reviewed (including Dyoralite or St Mark's
solutions, Loperamide or Codeine), were subjects provided with re-education on oral
fluid intake? Could the above have contributed to the reduction of PN days in both

groups, placebo and teduglutide?

The schedule of evaluations and procedures during the dosing period of STEPS is
provided in Table 3 below, which is taken from the study protocol. None of the
interventions would be expected to affect patients days per week of parenteral
support (PS).
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Table 3: Schedule of evaluations and procedures during dosing period'”

Stage 2
Procedures Baze- Dozing Dosing Dozsing Dosimg  Dozing  Dosing  Dosing Dacing
line Week WWeek Week Week Week Week Week Week 24
1" 2 4 8 ¥ 16 1] {or early
term™
Visit Number: Vi Vi V4 e VE VT Vi Ve V10
Study Day I T 14 15 £6 B4 112 140 165
Viait Window (days) 2 3 3 1= 1= = 7 7
Ehziality X
Crobn's disease assessment X
Colonoscopy® X
Phy=ical examination” X ol X X X X X
Evaluation of PRIV, 'y ol X X o X X
Adverse events X ol ol X X o X X X
Concomutant medication X ol X X X X X X X
Vital sigms X ol X X X X X
Body weight pd ¥ X Y X by X
12-lead ECG X X i
Safety laboratory tests X X X XX X X X X
Citulline X X X X X
Antbodies to teduglunde, X X X
ECF
Unne pregnancy test X X X X X X X X
Dimug dispensing X ol X N i X
Interim safafy evaluztions® B X X1 X [ X1
e-diary 48-howr oral fiuid H ol X N ol i X i
wnfake'
e-diary 48-hour unne cutput’ X X X X X X X X
5BS-speaific QoL X X X X X X X
guestionnaire
e-diary X b H X X H X X X
FM uzage X

FM1.V =parentera]l umtionintravencus; ECG=slectrocardiogram; ECP=F coli protein; e-diary=electronic diary;
Qol=guality of hfe; SBS5=short bowel syndrome; V=asit.

* Subject did not have to visit the chmie for study visit. Assecsments were completed over the phone.

U Subjects with an early termination visit had to have all applicable Visit 10 assessments. The sponsor was to be contacted
for gmdance.

“ Colonoscopy was completed toward the end of the stabihzation penod. if requred.

4 Full phy=ical examination was performed at baseline and Visit 10, a brief examination at all other dosing weeks with a
chime vasit.

PNV, evaluation confirmed weskly volume for Inclesion Critena 6 (FM/ILV. frequency) and 7 {stable PRI V).

" This was the second of 2 body weight measuwrements that was used to detenmine drug volume.

¥ Interim safety evalnations were to be parformed 5-7 days after any scheduled visit when a reduction was made to the
subject’s PRIV, These measures inclhded 43-hour oral fiwd intzke, 48-howr wine cutput, Het, serum BUN and creatimme,
and urine sodnm.

I At the Visit 4 Week 2 inferim safety visit, laboratory test results, and 48-hour I'0) were not required. A phone call was
made to assess if the FNLV. adjustment was tolerated.

" All subjects measured 48-hour oral flud intake and wine cutput at home momediately prier to the scheduled wasit. The
measurements included 1 day on and 1 day off PNV, unless FN/LV. was mfised daly.

As per the STEPS study protocol, the usage of concomitant medications were
assessed at each study visit (weeks 1, 2, 4, 8, 12, 16, 20 and 24) but the changes to
these medications were not deemed relevant to report in the clinical study report. No

new medications were started during the treatment period unless medically
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necessary. Specific re-education from clinicians to patients on oral fluid intake was

not protocolised or recorded.

There are several reasons to believe that use of concomitant medications would not

have influenced patients’ ability to reduce PS.

Firstly, prior to treatment in STEPS, all patients underwent 8-16 weeks of PS
optimisation and stabilisation. The aim of this period was to find the patient’s
‘minimally tolerated stable volume of PS’6. During this period, concomitant
medications were also optimised, as these medications form part of existing
standard care. Therefore, if any impact of concomitant medications on patients’ PS

consumption were to occur, it would have occurred prior to study treatment.

Secondly, expert clinical feedback sought by Takeda confirms that the concomitant
medications received by patients do not enable patients to reduce their days of PS.
Clinicians emphasise that these medications (in the real-world, as in STEPS) are
only “supportive” and used to optimise standard care, minimising disease-related
symptoms (e.g. thirst, pain, diarrhoea, stoma leakage, dehydration) and thereby
improving patients’ quality of life. One expert summarised the role of concomitant
medications as being to “help patients achieve stability and manage with PS”. In
sum, clinicians felt strongly that the use of these medications would be reviewed in
response to changes in PS consumption and it was implausible that PS consumption

would be reviewed in response to adjustments in co-medications.

Clarification questions Page 9 of 49



A6. Section B.2.6.1.4. The company states: || GcIEzNININIIIIIIIINDEE
]
]
_. Could the company comment on the intestinal losses and

strategies to reduce the stoma/ gut output via hypertonic solutions, codeine or
loperamide? By reducing gut losses using the above strategies, PN could be

reduced due to less electrolytes being lost thought the gut.

Our response to question A5 is also relevant here: namely that standard care (which
includes concomitant medications) was optimised prior to entry in STEPS and so
would not have contributed to parenteral support (PS) reduction; and that clinicians
optimise concomitant medications in response to PS changes (optimising PS around

concomitant medication changes is implausible).

With regards hypertonic solutions specifically, the British Intestinal Failure Alliance
(BIFA)'® and the British Society of Gastroenterology (BSG)'® do not recommend the
use of hypertonic solutions to treat high output stomas, instead recommending that
oral fluids are restricted and glucose-saline replacement solutions (such as St Mark’s
solution) are used to correct sodium and water depletion. Again, clinicians
emphasise that such solutions are merely supportive of optimisation and do not help

patients to wean off PS.

With regards loperamide and codeine, one of the expert UK clinicians we spoke to

summarised their effect as follows:

“Loperamide and codeine are ‘cosmetic’ interventions: they improve fluid retention in
the gut but do not improve intestinal absorption. Teduglutide is in a different league

because it actually improves intestinal adaptation.”
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A7. Section B.2.6.1.4. The company states: || GcEEINGDEE
T
|
I However, it is stressed

in the document that decisions based solely on the weaning protocol may have
underestimated the reduction in PN in patients on Teduglutide. Please further clarify
how in the placebo group the weaning protocol would have caused an over-reduction

while in the teduglutide group an under-reduction?

A detailed argument is provided below, but in summary, the condition required for a
parenteral support (PS) reduction in STEPS (urine volumes =210% above baseline in
the previous 48 hours) could be met without improved intestinal absorption, thereby
causing an over-reduction of PS in the placebo group. The limitation of only being
able to reduce PS by at maximum 30% of baseline volume every 4 weeks caused an

under-reduction of PS in the teduglutide group.

We do indeed argue in our dossier that the STEPS study overestimates the
magnitude of PS reduction in the placebo arm and underestimates it in the
teduglutide arm. We are aware that this is an unusual position to take. In all other
aspects STEPS is well-designed (it meets all the criteria provided by Centre for
Reviews and Dissemination guidance for undertaking reviews in health care), it is
internationally supported and recognised, and it provides clinically meaningful
results. However, the weaning algorithm used in STEPS has significant implications,
causing both the overestimated effect of placebo and the underestimated effect of

teduglutide.
The protocol for allowing patients to reduce PS used in STEPS was as follows®:

e Condition: if urine volumes during the preceding 48 hours were 210% above

baseline, PS volume could be reduced

e Magnitude: PS volume could be reduced by between 10-30% of baseline PS

volume at each visit (every ~4 weeks in STEPS)
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The first bullet explains the overestimated efficacy in the placebo arm. | R

I s fluctuations are likely to have triggered PS

reductions in the placebo arm, despite no underlying change in the absorptive
capacity of the intestine and therefore no change in need for PS. That patients
receiving placebo had to increase their oral fluid intake over the STEPS study
highlights that their reduced PS was not meeting their hydration needs; that they also
lost weight highlights that their reduced PS was not meeting their nutritional needs

(patients in the teduglutide arm did not increase their oral fluid intake and managed

to gain weight while their PS was reduced). | EGczNGNGEGEGEEEE

I (- cal-world practice, clinical feedback suggests that the decision to
reduce PS would be made considering a number of factors, rather than just urine
volume. Together, these points underline that the urine volume condition was likely

to have been the driver of PS weaning in patients receiving placebo.

The second bullet of the weaning protocol explains the underestimated efficacy in
the teduglutide arm. At each study visit in STEPS, clinicians could only reduce a
patient’s PS by at most 30% of their baseline volume. In the real-world, clinicians can
reduce patients PS more flexibly, which results in greater and more rapid PS
reductions. This point is best illustrated by comparing the proportion of patients
gaining independence from PS in STEPS/STEPS-2 with other real world data. These
data can be found in Document B, B.2.6.4.1, p 63 but are also shown in Figure 1

below for reference.
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Figure 1: Percentage of patients gaining independence from PS over time in
real-world studies and STEPS/STEPS-2

100%

80%

400

(100% reduction in PS volume)

Percentage of patients gaining independence from PS

U 12 24 36 43 60 72 24 96 108 120
Time from teduglutide initiation (weeks)

—e— STEPS/STEPS-2 TED-TED —e—.Joly 2020 ——Mariin 2021
o—Pevny 2019 Lam 2018 Puello 2021
Schoeler 2018 —s—Tamara 2020 —s— Ukleja 2018

Abbreviations: PS, parenteral support; TED-TED, the subgroup of patients from STEPS-
2 who were previously treated with teduglutide in STEPS (see Document B, B.2.3.2, p 34)

Notes:
Size of marker is proportional to number of patients on teduglutide at given timepoint

% indicates (number gaining independence from PS) / (number receiving teduglutide at
the time) for all studies. An exception here is Lam 2018, which does not provide patient
numbers at each timepoint of assessment; we have therefore assumed all 18 patients
remained on teduglutide throughout follow-up as this gives the most conservative estimate
of complete response rate

Results from Ukleja 2018 and Martin 2021 should be considered an outliers due to low PS
consumption at baseline

Source: STEPS primary publication®; STEPS CSR®; STEPS-2 primary publication’;
STEPS-2 CSRE; real-world study publications®1

It is notable that despite the variety of study locations and variability in patients’
baseline characteristics across these real-world studies (see Document B, B.2.6.4.1,
p 60), the percentage of patients gaining independence from PS in STEPS/STEPS-2
lagged behind all of them. When we meta-analysed the real-world data (Document

B, B.2.8, p 71-74), it showed that the percentage of patients gaining independence in

Clarification questions Page 13 of 49



the real-world was statistically significantly higher at month 6 and month 12 of
treatment compared to in STEPS/STEPS-2.

This point about the weaning algorithm of STEPS/STEPS-2 restricting the degree of
patients’ PS reductions relative to what can be achieved in the real-world was, in

fact, originally posited by the authors of the above studies:

“In our “real-life” experience of the weaning process, fluid intake and urine output
monitoring could be less strict than in the published trials, allowing more freedom in

PS reduction”®

“When compared with the STEPS study series, in which enteral independence
required >6 months of teduglutide therapy, we have demonstrated more rapid gains
in PS reduction and achievement of enteral independence likely as a result of the

less strict optimization protocols when compared with the clinical trials.”3

A8. Section B.2.13.1, placebo results in STEPS. In Section B.1.3.1, it is stated
that “the majority of intestinal adaptation occurs in the first two years following
resection”, but the eligibility criteria for STEPS appears to have allowed inclusion of
patients who had been on PS for less than 2 years (=12 months). Please provide a
breakdown of the number of participants in each arm of STEPS who had been on PS
for less than two years, and provide details of the outcome (reduction in PS days per
week) in these patients compared to those who had been on PS for more than 2

years at baseline.

Firstly, we would not expect any patients in STEPS to have ongoing intestinal
adaptation, and so baseline time on PS in STEPS should not affect results with
teduglutide. Published literature supports that intestinal adaptation is usually
complete within one to two years?'- 22, To enter STEPS patients had to be receiving
PS for at least one year, and be stable on their minimal tolerated volume of PS% 6.
Taken together, the inclusion criteria in STEPS should have prohibited any patient

with ongoing intestinal adaptation from entering the study.
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The requested analysis is provided in Table 4 below. We have included sample

sizes and mean reduction in days per week of parenteral support (PS), split by

whether patients had <2 years of PS or =2 years of PS at baseline from
STEPS/STEPS-2, the patient support programme (PSP) and pooled data from
STEPS/STEPS-2 and the PSP (as used in our base case).

Table 4. Reduction in days per week of PS in STEPS/STEPS-2, the PSP and
STEPS/STEPS-2 and the PSP combined split by time on PS at baseline

Decrease in PS
days from
baseline, mean
(SD) [n]

Teduglutide

Placebo

<2 years on PS

22 years on PS

<2 years on PS

22 years on PS

STEPS

6 months

|

|

STEPS-2

12 months

18 months

24 months

30 months

N/A

PSP

6 months

12 months

111191 1
bbbkl

N/A

6 months

12 months

11
L

Pooled data (STEPS/STEPS-2 & PSP)

N/A

Abbreviations: N/A, not applicable PS, parenteral support; PSP, patient support programme;
SD, standard deviation
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B 't should be noted, however, that across all these descriptive analyses
patient sample sizes are small and the standard deviations relatively large, so there

is a large degree of uncertainty.

The different trends in outcomes that we see in Table 4 are attributable to the
different baseline characteristics of patients by subgroup within each dataset; these
are acting as confounders. A descriptive comparison as presented in Table 4 is
therefore not appropriate, as the baseline characteristics are not well balanced; this

can be seen in Table 5.
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Table 5: Patients’ baseline characteristics in the STEPS teduglutide arm, STEPS placebo arm and in the PSP split by time

on PS at baseline

STEPS teduglutide arm STEPS placebo arm PSP
Parameter <2 years on PS 22 years on PS <2 years on PS 22 years on PS <2 years on PS 22 years on PS
I I
Sex (male:female) 36:64 52:48 46:54 43:57 | |
Age (years) 50.0 51.8 46.6 51.2 [ ] [ ]
Baseline PS 6.00 5.44 6.08 6.05 | ] | ]
(days/wk)
Baseline PS (volume, 12.7 12.4 12.3 13.9 [ ] [ ]
L/wk)
Colon in continuity 78% 64% 73% 56% | |
(%)
Estimated length of 96.9 82.0 68.2 68.8 | | ]
small intestine (cm)
Stoma (%) 45% 52% 18% 47% [ ] [ ]
lleocecal valve 9% 6% 18% 25% | ] | ]
present (%)
Reason Crohn’s 9% 29% 9% 22% - -
for
resection Cancer 9% 0% 0% 6% - -
(%) Vascular 27% 32% 27% 41% | | ]
Volvulus 9% 6% 27% 9% | ] | ]
Injury 9% 10% 9% 9% | N
Other 36% 23% 27% 12% B ]

Abbreviations: PS, parenteral support; PSP, patient support programme; wk, week
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There are large discrepancies in some characteristics between subgroups, of
particular note: patients’ baseline PS volume in the PSP ([l L/wk); patients’
baseline number of days per week of PS in the PSP ([l days/wk); the
percentage of patients with colon-in-continuity (STEPS teduglutide arm 78% vs 64%;
STEPS placebo arm 73% vs 56%; PSP |, and the reasons for resection
(most notably the percentage of patients with Crohn’s disease) in the STEPS
teduglutide and placebo arms. These imbalances in patients’ baseline characteristic
are relevant as previously published literature have suggested that baseline PS
consumption, vascular vs inflammatory bowel disease aetiology, and colon-in-
continuity (among other characteristics) affect the degree to which patients can

reduce PS9 2325

Furthermore, while the subgroups appear well balanced in STEPS with respect to
mean number of days of PS per week at baseline (STEPS teduglutide arm: 6.00
days vs 5.44 days; placebo arm: 6.08 vs 6.05 days), the spread of patients’ baseline

number of days of PS per week is not even, as demonstrated in Table 6.

Table 6: Days per week of PS at baseline in STEPS

Teduglutide arm Placebo arm
Baseline number of PS <2yearson | 22yearson | <2yearson | 22 years on
days/wk, n (%) PS PS PS PS

3 days N N N N
3.5 days N N N N
4 days || | || ||
4.5 days N N N N
5 days N N N I
5.5 days | | | |
6 days N N N N
6.5 days || | || ||
7 days N N N N

Total N N N |

Abbreviations: PS, parenteral support; wk, week

Notes: Days per week of PS is defined as the number of days on PS from the previous 14
days divided by two. As a result, some patients’ PS is counted as 'half days'
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Of particular note, patients on between 3 and 4 days of PS at baseline are
overrepresented in the 22 years of PS at baseline subgroup for the teduglutide arm
(9% of patients in the <2 years PS subgroup were on 3 or 4 days per week of PS at
baseline vs 35% of patients in the =22 years PS subgroup). Patients on fewer days of
PS at baseline need a greater percentage reduction of PS volume to reduce a further
day. Furthermore, the nature of reducing days of PS changes once a patient reaches
7 days per fortnight (equivalent to 3.5 days per week) of PS. If patients receive more
than 3.5 days a week of PS, going a day without PS means lasting ~36 hours from
the end of one feed to the beginning of the next. After reaching 3.5 days per week,
going a further day without PS means lasting ~60 hours from the end of one feed to
the beginning of the next, as the patient is required to have two consecutive nights
off. Clinical feedback suggests this can be challenging. These points further highlight
the way in which the imbalance in the baseline characteristics of STEPS for the <2

years of PS and =2 years of PS subgroups will influence the results seen in Table 4.

To explore this issue further we analysed the pooled STEPS/STEPS-2 and PSP data
using a mixed effects regression model (using the Ime4 package of R). We explored
whether, after adjusting for imbalanced baseline characteristics, the time on PS prior
to commencing teduglutide had an impact on patients’ days per week of PS over 30

months of follow-up (with the PSP data contributing for only 12 months).

As the key outcome of days per week of PS is measured repeatedly over various
time points, a repeated-measures model was specified. This was done by including
random intercepts for each individual to account for the correlation between baseline
values and subsequent measures. All other selected covariates were then included

as fixed effects.

For the specification of the model, fixed effects for baseline number of PS days, time
on teduglutide treatment and a categorical variable for prior time on PS (<2 years vs
22 years) were included as a minimum. Additional variables for small bowel length,
colon-in-continuity, presence of a stoma, presence of the ileocecal valve, and the

reason for bowel resection were also considered for inclusion.

An initial analysis including all variables demonstrated only baseline number of PS

days and time on teduglutide reached the threshold for statistical significance. Time
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on PS prior to commencing teduglutide was in fact the least significant variable with

a p-value of [JJll. The full set of results are given in Table 7.

Table 7. Output of mixed effects model (all covariates)

Variable Estimate Standard

Error

(Intercept)

Baseline number of PS days

Time on teduglutide (weeks)

Time on PS: 22 years

Small bowel length (cm)

Colon-in-continuity: Yes

Stoma: Yes

lleocecal valve: Yes

Reason for resectiont: Crohn’s

Reason for resection®: Injury

Reason for resectiont: Other

Reason for resectiont: Vascular disease

Reason for resectiont: Volvulus

T
=
c
o

Abbreviations: PS, parenteral support

Notes: Tcalculated relative to rates for gastric cancer

Given the limited number of patients who have been on PS for less than 2 years
prior to starting teduglutide, there is a large degree of uncertainty in any regression
analysis performed to assess the impact of this variable. The inclusion of a large
number of variables may add further uncertainty and the estimates are potentially not
robust. To assess the impact of these variables on the regression results, an
additional analysis was performed including only the time on PS prior to teduglutide,
time on teduglutide and baseline number of days of PS as covariates. This analysis
further supported the case that time on PS prior to teduglutide was not statistically
significantly associated with days of PS (estimate |ll; o=Illlll). Despite removing
covariates that are known clinically to have an impact on patients’ requirements for
PS and that were imbalanced between the subgroups based on previous time on
PS, time on PS prior to teduglutide treatment was still shown to have a relatively

small and non-significant impact.
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These results show that time on PS at baseline is not a relevant factor for explaining
teduglutide’s effectiveness. These analyses demonstrate that the differences in
descriptive outcomes reported in Table 4 by prior time on PS are likely to be driven
by variation in the patient populations and the unrobust estimation driven by small
patient numbers. The subgroup analysis in Table 4 should therefore be considered
unrobust and unreliable; to reliably assess the effectiveness of teduglutide on

patients’ PS requirements, the data should be considered as a whole.

To summarise the above, no patient in STEPS should have had ongoing intestinal
adaptation at study entry based on the study’s inclusion criteria. The relationship
between time on PS at baseline and reductions in days per week of PS is not clear.
|
Differences in baseline characteristics between the subgroups, particularly in
characteristics that affect PS weaning, confound this analysis, and small patient
numbers make it hard to control for these factors. A regression analysis showed no
relationship between time on PS at baseline and reductions in days per week of PS

with teduglutide. All in all, we believe that the results in Table 4 are spurious.

Aligned with our conclusions, we would also like to draw attention to the European

Public Assessment Report for teduglutide, which concluded with regards subgroups:

“Considering the rarity and heterogeneity of the disease it was not considered useful

to define subgroups of patients.”?®
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Patient Support Programme data

A9. Section B.2.6.4.2, results from the PSP programme. The company argue that
the greater reduction in PS observed for patients enrolled in the Patients Support
Programme in Australia are due to the application of less restrictive weaning criteria
in routine practice. Please provide further reassurance that the patients receiving
teduglutide in the PSP are comparable with those recruited to STEPS in terms of the
distribution of time on PS at baseline and not just with respect to the mean; e.g. less

than 12 months, 12-24 months, and > 24 months.

We have provided additional baseline characteristics as requested in Table 8. This
table is the same as Table 16 in Document B (B.2.6.4.2, p 64), with the additional

data provided in italics.

Table 8: Baseline characteristics in PSP and STEPS

Characteristic PSP data STEPS TED arm
I (n=43)
Time receiving PS at baseline, n (%)
<1 year, n (%) L 0(0)
>1 year to <2 years, n (%) [ ] 11 (26)
>2 years, n (%) | 32 (74)
Average percentage of colon remaining (SD) | | KEGczIN 55.6 (20.8; data for
e n=24)
Proportion of patients with end stoma, % ] 50.0 (data for n=42)
Cause of disease, n (%)
Crohn's disease | 10 (23.3)
Ischaemia/vascular disease | ] 13 (30.2)
Small bowel atresia ] 0
Radiation enteritis - 0
Gastroschisis - 0
Gastric cancer ] 1(2.3)

Clarification questions Page 22 of 49



Other ] 19 (44.2)
Average remnant small bowel length, cm I | 524 (64.6; data for
(SD) I n=39)
Colon in continuity, n (%) [ 26 (61)
Average time on PS, years (SD) | 6.8 (6.3)
Weekly PS volume at baseline, L (SD) ] 12.6 (7.4)
Days per week of PS at baseline (SD) [ ] 5.6 (1.6)

Abbreviations: PS, parenteral support; PSP, patient support programme; SD, standard
deviation; TED, teduglutide

Source: STEPS pivotal publication®; STEPS CSR®; Revestive atHOME PS reduction

report?”

As can be seen, the baseline characteristics of patients within the patient support
programme (PSP) are in-line with the baseline characteristics of teduglutide patients
in the STEPS study. This suggests that our comparison of parenteral support (PS)
reduction between the two sources of evidence is appropriate given the data are
generated from comparable populations. Our conclusion that the greater reductions
in PS achieved by patients in the PSP are due to there being no restrictive weaning

criteria applied in the real-world is therefore robust.
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Section B: Clarification on cost-effectiveness data

Model structure

B1. Section B.3.2.2, Figure 21. The structure of the economic model only allows
patients to remain stable, reduce the number of days per week of PS or die. Please
provide further justification for this structure with respect to the any potential for PS

requirements to increase over time for some patients.

As a point of clarification, while the transition matrices applied in the economic model
do not include backward transitions, the model does allow patients to increase their
parenteral support (PS). This can occur when patients discontinue teduglutide (if
they have received a treatment benefit from teduglutide) because in our model, at
the point of discontinuation of teduglutide, patients’ PS consumption immediately

reverts back to their baseline PS requirements.

We believe that our model transitions are appropriate in only allowing patients to
remain stable or decrease their PS while on treatment. While we acknowledge that
patients PS needs can fluctuate and lead to short-lived increases, we have modelled
a cohort of patients with a) stable PS requirements at baseline and b) where the
overwhelming trend is for stable or reducing PS requirements over time. We
therefore considered it an unnecessary overcomplication to model individual
fluctuations in PS requirements. Our approach was confirmed with clinical and health
economic experts as an appropriate reflection of the disease pathway and a suitable

way of modelling the key impacts of teduglutide on the cohort of patients as a whole.

Furthermore, as can be seen in our answer to question BS (specifically Table 10 and
Table 11), our model accurately reflects STEPS/STEPS-2/PSP data with regards to
the proportion of patients in each health state from baseline to month 30. This

validates that our model structure is appropriate.

Due to the demands of growth, it is conceivable that paediatric patients may see
their PS needs increase for longer-term periods. While our model does not account
for this, we do not believe it is necessary. Such increases would occur equally in

both the teduglutide and the standard care arm of the model. As such, the increases
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would cancel each other out, and so there was no benefit to including them in the

model.

B2. Section B.3.2.2. In Table 23 of document B it is stated that “...teduglutide allows
patients to increase enteral nutrition, and enteral nutrition further promotes intestinal
adaption, there is reason to believe the effectiveness of teduglutide may increase
over time”. Please discuss whether there is potential for teduglutide to provide
patients with ongoing long-term benefits in terms of reduction in days of PS upon

discontinuation of treatment.

With an in vivo half-life of 2 hours and a complex intestinotrophic mechanism of
action?, it is not immediately clear how long we would expect the benefits of
teduglutide to last once treatment stops. Further to this, there is very limited clinical
evidence that indicates how a patient’s PS consumption changes after they stop

teduglutide.

Neither of the randomised controlled trials conducted in adults with short bowel
syndrome and type 3 intestinal failure (SBS-IF; STEPS® and 00428), nor any of their
extension studies (STEPS-28, STEPS-3%°, 005%°) followed-up patients after they
discontinued teduglutide. Both of the paediatric clinical trials (C13 and C14) had a 4-
week follow-up period at the study end during which patient’'s PS consumption was
monitored after they had stopped teduglutide. In both cases, average PS volume
increased slightly in the 4 weeks following the end of the teduglutide treatment3': 32,
However, given children’s increased capacity for intestinal adaptation33, these data

have limited applicability to the adult SBS-IF population.

Although the data were not collected as part of the 004/005 clinical programme, one
published study investigated how patients PS consumption changed following the
end of teduglutide treatment in 004/005. Of 37 patients, 15 (41%) had their PS
increased in the 12 months after stopping teduglutide and 22 (59%) had no change
or their PS decreased. Among patients who had responded to teduglutide treatment,
12 (of 25, 48%) had their PS increased and 13 (52%) had no change or a

decrease®*. A second study looking at 10 patients treated with teduglutide in clinical
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trials also showed that on average, patients’ PS consumption 4 years after stopping
teduglutide (10.0 L/wk) was lower than their PS consumption before starting
teduglutide (12.5 L/wk). This suggests that some benefit of teduglutide may last

longer-term after treatment is stopped?®.

It is worth noting our model is conservative in its assumptions for when patients stop
teduglutide treatment: it assumes patients immediately revert back to their baseline
PS. This is conservative on two counts: firstly, data from the studies described above
suggest that not all patients will revert back to their baseline PS consumption
following discontinuation®*. Secondly, clinical feedback sought by Takeda suggests
that where PS use does return to baseline, the process would take 2 to 8 weeks3®.
The non-immediate return to baseline is echoed in the teduglutide summary of
product characteristics, which states “due to the risk of dehydration, discontinuation
of treatment with teduglutide should be managed carefully™*. However, in taking this
conservative approach, we are recognising feedback from the previous appraisal of
teduglutide (where the approach to modelling a continued treatment effect for

teduglutide post-discontinuation was deemed not clinically plausible).
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Clinical parameters and variables

B3. Section B.3.3.2, Estimation of transition probabilities. The company state
that the PSP data contributed to informing the transition probabilities for the first 12
months only, because | INEEEG_TL
Please provide further justification why this longer-term data for PSP patients should

be ignored and provide a scenario analysis that includes it.

In summary, we do not believe that using longer term follow-up data from the patient
support programme (PSP) provides a realistic estimate of the cost effectiveness of
teduglutide; this is due to the small sample sizes available, which means that we
have to rely on implausible assumptions. However, in the interest of transparency,
we have provided these scenarios in Table 9. These scenarios use a conservative
‘last value carried forward’ assumption that is described further below, along with our

rationale for why this unreasonably ‘dilutes’ the treatment effect of teduglutide.

Table 9: Scenario analysis using longer-term follow up data from the PSP

Scenario Number (%) of patients with ICER
follow-up within 6 months
prior to the specified timepoint

(of Il in the PSP)

Base case (PSP data up to 12 _ £16,652
months)

PSP data up to 18 months ] £14,891
PSP data up to 24 months _ £14,129
PSP data up to 30 months ] £22,138

Abbreviations: ICER, incremental cost-effectiveness ratio; PSP, patient support programme

As a source of real-world evidence, the PSP data has no regular follow-up timepoints
of assessment and patients have varying lengths of follow-up. As a result, in using
the PSP data, we need to strike a balance between informing transitions for as long
as possible, but avoiding implausible assumptions that result from irregular follow-up

timepoints, limited patient follow-up and small patient numbers.
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Our approach to using data from the PSP to inform transitions for up to 12 months is
a conservative one. We adopted a last value carried forward approach which
assumes no further parenteral support (PS) reduction (‘zero further effect’) beyond
the 6 month interval in which their last assessment was taken (a 6 month interval is
used as transition probabilities were estimated separately in 6 month intervals, see
Document B, B.3.3.2 p 99 for further detail). By way of example, if a patient’s last
assessment was at month 4 we assumed zero further effect (their parenteral support
requirements remain stable) for the next interval between month 6 and month 12,

although in reality they may well have experienced continued treatment benefit.

If we used this last value carried forward approach but allowed data from the PSP to
inform model transitions beyond 12 months, this would mean that an ever increasing
proportion of patients would be assumed to have ‘zero further effect’ for an ever
increasing period of time. This does not reflect clinical and real-world evidence,
which shows treatment benefits can occur for at least 30 months. Beyond 12
months, when - of patients have follow-up data, the transitions would be based
on a [ of patients with an assumed ‘zero further effect’ from their last timepoint,
and a [l of patients providing actual observed data. The later the timepoint, the
greater still the contribution of ‘zero further effect’ versus actual data (see Table 9 for
patient numbers and proportions). The increasing contribution of ‘zero further effect’
would inappropriately dilute the treatment effects actually observed in
STEPS/STEPS-2 and produce an underestimated treatment effect of teduglutide.
Given our approach of assuming zero further effect from last follow-up is
conservative to begin with, allowing the PSP data to ‘inform’ (predominantly via
assumptions) transitions beyond 12 months would grossly underestimate the

treatment benefit of teduglutide.
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B4. Section B.3.3.2. Estimation of transition probabilities. While the explanation
for removing the response observed in the placebo arm of STEPS may be plausible
for the base case analysis, it remains uncertain. Can the company please explore

the upward uncertainty in the ICER associated with:

a. Including health state transitions for SoC as observed in the placebo arm of
STEPS.
b. Removing the placebo response from the transitions applied in the teduglutide

arm of the model.

As stated in Document B (B.3.3.1, p 97), we consider it inappropriate to apply

transition probabilities to standard care based on the placebo group of STEPS due to
the placebo outcomes being driven by weaning algorithm used. || GcNG—

Although the ERG acknowledges the plausibility of this approach we appreciate that
the NICE committee may want to explore the uncertainty further. Therefore, we have
added a scenario analysis to the economic model as per part A of this question. The
scenario includes the protocol-derived parenteral support (PS) reduction achieved by
patients receiving placebo during STEPS. The incremental cost effectiveness ratio
(ICER) for this scenario increased to £17,616 per quality-adjusted life year (QALY)
for the adult population (base case £16,652 per QALY), and £5,365 per QALY for the
paediatric population (base case £4,811 per QALY).

As discussed and aligned upon with the ERG at the clarification meeting (14t
September 2021), we consider there to be no benefit in removing the placebo effect
from the teduglutide arm (as per part B of this question) for two reasons. Firstly, the
impact is expected to be almost exactly the same as the request outlined in part A.
This is because both scenarios are essentially applying the same relative effect
observed in the trial: A) adds this effect to standard care, B) subtracts this effect from
teduglutide. Furthermore, any uncertainty with regards the placebo effect lies in the
standard care arm, and not in the teduglutide arm. We have demonstrated in our
meta-analysis of real-world evidence (Document B, B.2.8, p 71-74) that the STEPS

data underestimate the treatment effect of teduglutide relative to the real-world. As
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our model relies heavily on STEPS data, it also underestimates the treatment effect
of teduglutide. Therefore, reducing the treatment effect of teduglutide further (as
requested in part B of this question) does not address any uncertainty; it potentially
adds more uncertainty. As it would provide no further value (beyond our scenario
analysis for part A of this question), we have not presented a scenario for part B of

this question.

B5. Section B.3.10.1, Validation. A validation of the model-based percentage
achieving PS independence is provided by comparing this to the observed
percentage in STEPS, STEPS2 and PSP data. Can the company please provide a
similar validation of the overall health state distribution predicted by the model at 6,
12, 18, 24 and 30 months.

Table 10 and Table 11 below show a comparison of the health state distributions
over time in the model and in the combined study data (STEPS, STEPS-2 and the
patient support programme [PSP]). In general, the health state distributions
produced by the model align well with the STEPS, STEPS-2 and PSP data at all time

points, validating the output of our model.

Table 10. Health state distributions produced by the model (base case)

Health state PSO PS1 PS2 PS3 PS4 PS5 PS6 PS7
distributions

(model)

Baseline 0% 0% 0% 1% 14% 10% 13% 52%
6 months 3% 2% 8% 11% 20% 13% 16% 29%
12 months 7% 5% 9% 12% 17% 13% 9% 28%
18 months 9% 8% 10% 5% 18% 13% 10% 28%
24 months 20% 1% 8% 5% 20% 9% 9% 28%
30 months 22% 4% 5% 10% 17% 8% 7% 28%
Abbreviations: PSx, x days per week on parenteral support
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Table 11. Health state distributions as per STEPS, STEPS-2 and the PSP

Health state PSO0 PS1 PS2 PS3 PS4 PS5 PS6 PS7
distributions

(model)

Baseline H BH  H NEH EFH E B B
6 months H H EH H EH B B B
12 months H HEH EH H HEH EH B B
18 months H H H H EH H B B
24 months H H EH H EH EH B B
30 months H H H H EH E B B

Abbreviations: PSx, x days per week on parenteral support; PSP, patient support programme

For consistency, in Table 10 and Table 11, patients who discontinue teduglutide are
included at their baseline health state after the point of discontinuation (to align with
the assumption that patients revert back to baseline, as applied in the model). Also
to align with the model, the observed study data for those with short follow up in the
PSP are carried forward in their last observed health state: they remain on treatment

so are assumed to maintain their effects.
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Complications

B6. Section B.1.3.2. It is stated that “Chronic kidney disease and liver failure are
both potentially fatal.” With respect to the inclusion of chronic kidney disease and

liver failure in the economic model, please:

a. Provide details on how the excess mortality risk associated with liver disease
was determined and the source of data used.
b. Provide justification for the assumption that stage 5 CKD does not carry any

additional mortality risk in the model.

As a point of clarification for part A, our model assumes no mortality risk for either

intestinal failure-associated liver disease (IFALD) or chronic kidney disease (CKD).

There are a number of reasons why this approach is justified, despite IFALD and
CKD being potentially fatal. Firstly, following a National Service Review, patients with
short bowel syndrome with type 3 intestinal failure (SBS-IF) are managed in
specialist centres by expert multi-disciplinary teams per the NHS England Service
Specification®’. Clinical feedback sought by Takeda suggests that due to the high
standard of care patients receive, deaths due to IFALD or CKD are extremely rare.

Secondly, our model already accounts for the reduced survival of patients with SBS-
IF using data from Salazar et al. 202138 for adults and Pironi et al. 20113° for
children. As deaths from complications were captured in these real-world data,
separately modelling deaths from IFALD or CKD would introduce double counting. It
is worth noting that this approach makes our model conservative in estimating the
treatment benefit of teduglutide: as patients who reduce their dependence on
parenteral support are likely to have lower rates of complications, we would expect to

see a survival gain with teduglutide.
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B7. Section B.3.3.5. Please clarify whether adjustments to parenteral support or
teduglutide administration would be made if a patient was diagnosed with IFALD or
CKD.

The Summary of Product Characteristics (SmPC) for teduglutide specifies that the
‘recommended dose is 0.05 mg/kg body weight, once daily” and “in adults and
children with moderate and severe renal impairment (creatinine clearance less than

50 ml/min), and end-stage renal disease, the daily dose should be reduced by 50%”.

No other dose adjustments are specified in the SmPC*.

We have not applied a dose adjustment of teduglutide for these patients within our
economic model because we have assumed that every patient (including children)
requires one 5 mg vial per dose and that no vial sharing occurs. In clinical practice,
patients <20 kg, or <40 kg with moderate or severe renal impairment (per the
definition above) or end-stage renal disease, can use the smaller 1.25 mg vial of
teduglutide which is 50% cheaper. As such, our approach is conservative and over-

estimates teduglutide drug costs.

Clinical experts in the treatment of short bowel syndrome with type 3 intestinal failure
(SBS-IF) confirm that although the composition of patients’ parenteral support (PS) is
often adjusted in patients diagnosed with intestinal failure-associated liver disease
(IFALD) or chronic kidney disease (CKD), no adjustment is typically made to their
number of days per week of PS. Patients diagnosed with liver disease often have the
lipid content of their PS reduced, and those with end-stage liver disease may also
reduce their PS volume. However this reduction in volume would usually be a

reduction in their hours per night of PS, rather than their number of days of PS.

In patients diagnosed with CKD, their electrolytes and PS volume would likely be
adjusted. However, it is very important that CKD patients maintain a daily fluid
equilibrium so it would be highly unlikely that their number of days per week of PS
would be adjusted. Based on this clinical feedback, our economic model does not
assume any adjustment in the number of days per week of PS in patients diagnosed
with CKD or IFALD.
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B8. Section B.3.3.5. Please provide full details of the Delphi panel exercise used to
determine the risks of IFALD and CKD applied in the model (e.g. a separate study

report if one exists).

We have attached the Delphi panel report that was used to generate the rates. An

overview of the process is provided below.

BresMed [AIC]
2016_Delphi panel r

In a two-stage process, nine healthcare professionals with expertise in the

management of short bowel syndrome with type 3 intestinal failure (SBS-IF) were
asked first to complete an online questionnaire. Among the questions asked were
two relating to the prevalence of intestinal failure-associated liver disease (IFALD)

and chronic kidney disease (CKD), the results of these are shown in Table 12 below.

Table 12. Prevalence of IFALD and CKD derived from the first stage of the

Delphi process

Category Prevalence at 2 years, mean (range) Prevalence at 6 years, mean (range) Prevalence at 10 years, mean (range)
No PS 1.38% (0-5%) 1.88% (0-5%) 2.25% (0-5%
Low volume user 3.25% (0-10%) 5.5% (0-15%)

Mid volume user

7% (1-15%)

13.13% (2-25%)

16.38% (2-30%

High volume user

11% (2-26%)

20.25% (5-50%)

)
9% (0-20%)
)
)

24.38% (5-50%

Category Prevalence at 1 year, mean (range) Prevalence at 2 year, mean (range) Prevalence at 10 years, mean (range)
CKD CKD CKD CKD CKD CKD
Stage IVand V Stage V only Stage IVand V Stage V only Stage IV and V Stage V only
No PS 1.75% (0-5%) 1.22% (0-5%) 2.5% (0-6%) 1.44% (0-10%) 5.13% (0-10%) 3.11% (0-10%)
Low volume user 3.13% (0-6%) 2.56% (0-7.5%) 4.88% (0-10%) 2.59% (0-10%) 9.25% (0-20%) 6.67% (2-35%)
Mid velume user 5.38% (0-10%) 4.39% (0-10%) 9% (2-20%) 6.22% (0-15%) 16.25% (3-35%) 12.56% (2-35%)
High volume user 8.25% (2-20%) 7.89% (1-15%) 12.63% (4-30%) 10.61% (2-20%) 20.75% (6-50%) 20% (10-50%)

Abbreviations: CKD, chronic kidney disease; IFALD, intestinal failure-associated
liver disease; PS, parenteral support

At the second stage, a face-to-face meeting was held where the results of the online

questionnaire were discussed and it was decided that these initial estimates for the
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prevalence of IFALD and CKD were too high. In the meeting, the experts agreed that
the prevalence of IFALD after 2 years would be 0—1%; after 6 years it would be 0—
2% and after 10 years it would be 0-3%. It was also agreed that the prevalence of
CKD would be higher than IFALD.

From the ranges given for IFALD, these were interpolated to give prevalence
estimates by days per week of PS that were used in the model (Table 13). The
ranges for CKD were estimated based on the IFALD rates, taking into account the
consensus that rates of CKD would be higher than IFALD. These were also
interpolated to give the prevalence estimates by days per week of PS used in our
model (Table 13).

Table 13. Prevalence of IFALD and CKD used in our economic model

IFALD No PS PS1-3 PS4-5 PS6-7
Prevalence at 2 years on PS 0.00% 0.33% 0.67% 1.00%
Prevalence at 6 years on PS 0.00% 0.67% 1.33% 2.00%
Prevalence at 10 years on PS 0.00% 1.00% 2.00% 3.00%
CKD No PS PS1-3 PS4-5 PS6-7
Prevalence at 1 year on PS 0.00% 0.33% 0.67% 1.00%
Prevalence at 2 years on PS 0.00% 0.67% 1.33% 2.00%
Prevalence at 10 years on PS 0.00% 1.67% 3.33% 5.00%
Abbreviations: CKD, chronic kidney disease; IFALD, intestinal failure-associated liver
disease; PS, parenteral support; PSx, x days of PS per week

Source: Delphi panel report*°

Although interpolation was used to assign prevalence of IFALD and CKD to PS
health states, recent publications using real-world data confirm that increasing days
of PS per week is associated with greater risk of IFALD*', and that increasing PS
volume is associated with decreased renal function*?. We were not able to validate
the prevalence of CKD in patients with SBS-IF with reference to published literature

however for IFALD, Pironi et al. 2020 report 31 new cases in 2,194 patients receiving
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PS for one year; a 1-year prevalence of 1.4%. This suggests our Delphi panel
estimate is conservative, as we assume a 1-year prevalence of 1.0% for patients

with the highest PS requirements*'.

Utilities

B9. Section B.3.4.1. Health related quality of life data from clinical trials, Figure
29. The ERG assumes that the summary data presented data in Figure 29 are
descriptive and have not been adjusted for baseline utility. The data could have been
analysed more usefully using a regression framework to provide baseline adjusted
estimates of PS health state utility or utility increments associated with reductions in
PS requirements. Please explore this further and provide further justification as to

why these mapped data should not be considered relevant.

We strongly believe that re-analysis of the SBS-QoL data will produce results of no
value. This is because the SBS-QoL as a tool is deeply flawed: it completely fails to
capture the experience of patients receiving PS and is scored and calculated in a
way that does not produce meaningful results. Clinicians, patients and patient-
reported outcome (PRO) experts alike, highlight that to make use of the SBS-QoL

data for the purposes of our submission would be doing patients a great disservice.

From a clinical standpoint, there is universal agreement in the community that the
SBS-QolL tool has been a disappointment. Nurses, patients, psychologists and
clinicians will all emphatically state that reducing a night of parenteral support (PS)
improves patient quality of life, and at a minimum a quality of life tool should be able

to detect this. That the mapped utility data from STEPS do not show this (as per

figure 29, Document B, B.3.4.1, p 116) is a critical flaw. | GccIENINGEG
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acknowledged by the developers of the SBS-QoL themselves*’: the authors note
that patients suffer from, among other things, a fear of incontinence, an inability to
act spontaneously, diminished self-esteem, problems with clothing, concerns with
their sexual life, reduced fitness and restriction of time for personal and private
activities. These important, patient-relevant, aspects are either not captured by the
17 items of the SBS-QoL, or are captured under vague terminology such as
‘emotional life’ and ‘everyday activities’. Representatives of patient advocacy groups
reiterate that these aspects of living with SBS-IF missed by the SBS-QoL are all
highly important and relevant to patients’ quality of life. Whilst the SBS-QoL might
ignore fear of incontinence, representatives of patient advocacy groups share
accounts of patients who do not have this luxury; patients who have been trapped in
toilets with burst stoma bags, unable to clean themselves up or leave the cubicle and
for whom the fear of this happening again lives with them daily and inhibits them

from leaving the house, let alone acting spontaneously.

From a technical perspective, the development, design and scoring of the SBS-QoL

o
-
o
o
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o
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Published literature reporting results using the SBS-QoL also highlight the flaws
inherent in its design. Jeppesen et al. 2013, discussing the SBS-QoL results in
STEPS, note that

“When calculating SBS-QoL scores, no weighting of item scores was included. This
was the first confirmatory study using the SBS-QoL scale, and therefore data were
not available for such an adjustment. Consequently, all 17 items of the scale
contributed to the sum score to the same extent, (i.e. 10 score points), although they

could be assumed to be of variable relevance for the patients™*
Chen et al. 2020, discussing the same data, note that:

“No clinical consensus has been reached on what the MCID [minimum clinically
important difference] is, and the benchmark is developing as more research is

conducted on the QoL [quality of life] of patients with SBS.”°

Furthermore, Nordsten et al. 2020 describe that:
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“The clinical use of the SBS-QoL score has revealed that it still does not sufficiently

address the heterogeneity within the SBS-IF population.”"

In summary, the SBS-QoL has underperformed from a clinical perspective, likely due
to its numerous technical flaws, and it is unfit and unable to produce meaningful
patient utilities. This will be the case regardless of how the data are analysed,
including per the request in question B9. For this reason, we opted in our submission
to use utility data from Ballinger et al. 2018, as this represented the utility values of

greater relevance to patients®2.

From a patient perspective, the difference between being on PS every nightin a
week and being independent from PS is enormous. A representative from a patient
group described that patients on PS every day of the week are ‘like prisoners in their
own home. They can never have a night out”. In contrast, being independent from
PS is “an opportunity to be free. Children can meet their friends, parents can meet
people”. The range in the utilities presented in Ballinger et al. 2018, which we have
used in our model, are therefore reasonable given this breadth of patient experience.
A representative of a patient group also confirmed the health state descriptions used
to generate utilities in Ballinger et al. reflect life on PS; patients from their
organisation contributed to the development of those health states. Furthermore, the
utilities that are derived are supported by other published literature: in Richards et al.
1997, the mean utility value for a patient on PS was 0.52, reaching as low as 0.28 in
older patients. Over the time horizon of our base case model, the weighted average
utility is between 0.44 to 0.58. This is in-line with the average reported by Richards et
al., and the lowest utility value we apply (of 0.36) is higher than the lowest utility
reported by Richards et al®3.

To conclude, we believe that Ballinger et al. 2018 represents a source of utilities that
best reflect the lived experience of patients receiving PS, and are therefore most

appropriate source of utilities for our submission.
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B10. Section B.3.4.1. Health related quality of life data from clinical trials. The
company state that trial 004 collected health related quality of life data using the EQ-
5D. Can the company please report these data, provide adjusted estimates by PS
health state or reductions in PS requirements (days per week), and provide further

evidencel/justification that the data are unsuitable for application in the model.

The results of the EQ-5D in this patient population are of no value and are
universally considered irrelevant. This point is clearly made in the European Public
Assessment Report (EPAR) published by the European Medicines Agency. They
state with regards to the EQ-5D results from study 004:

‘it is conceded that these tools [the EQ-5D, and also the SF-36 and Inflammatory
Bowel Disease Questionnaire] may not have been appropriately sensitive to catch

any potential difference.”*
Similarly, the developers of the SBS-QoL emphasised with reference to the EQ-5D:

‘non-disease-specific QoL scales are limited in their ability to detect small but

clinically important, treatment-induced changes over time™’

Investigators of the Teduglutide 004 Study Group dismissed the relevance of the
results and they were not reported in the clinical study report®®, nor has any analysis

of this data ever been performed.

Given the highly specific needs of patients with short bowel syndrome and type 3
intestinal failure (SBS-IF), the small patient population, the heterogeneity within said
population and the unusual nature of parenteral support as a treatment, it is
unsurprising that this measure has no relevance for measuring SBS-IF patients’
quality of life. We are firm in believing analysis of these data to be unnecessary and

unhelpful.
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Resource use and costs

B11. Section B.3.5.2. Table 39 (Resource use of PS health states). Please

address the following:

e Nurse time is costed as - per hour. Please clarify the nature of the time

required and the source of the unit cost.

Parenteral support (PS) is provided to patients via the confidential Home Parenteral
Nutrition (HPN) framework contract agreed with NHS England®®. This framework
provides an agreement between the NHS and commercial companies who provide
PS to patients to a) source, combine and deliver the necessary bags of PS; b)
provide and maintain of the equipment needed to administer PS; and c) provide
nursing support required by patients on an ongoing basis. The HPN suppliers which
are contracted through the framework are commercial entities providing highly
qualified specialist nurses working independently in the community to provide a
specific HPN service. The hourly rate for nurses provided within the framework
includes travel time and additional administrative work required outside of the

patient-facing time.

With regards the amount of nurse time estimated per day of PS, we took onboard
feedback from the previous submission process and assumed 0.8 hours of nurse
time per day of PS (based on an estimate of 2 hours nursing time per day from a

resource use study®” weighted by the 40% of the cohort that require nurse time).
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e Please provide the source reference for the resource use requirements
detailed Table 39. The reference pack contained duplicates of the costing

report for the paediatric population.

Please find the adult resource use study in the file below.

Parexcel 2017_
Adult resource use.;

e Please clarify the source and details of the unit prices for the PN bag and the

delivery costs.

As stated above, parenteral support (PS) costs are outlined within the confidential
Home Parenteral Nutrition (HPN) framework contract which came into force from 1t
April 2020 between the NHS and HPN companies®®.

As per average nurse time costs, the average costs of PS (a parenteral nutrition bag,
TauroLock, and delivery) are specified within that contract as confidential and

thereby not accessible to us.

This challenge was discussed with NICE during the Company checkpoint meeting on
14t July 2021. We explained that we would not be able to access the latest average
costs of PS, and nor were NICE or the ERG able to provide these to us because the
costs are confidential. For this reason, we estimated PS costs based on expert
opinion sought by Takeda; an approach that was agreed to be acceptable at the

checkpoint meeting.
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e Patients who are PS independent do not require any resource use. Please
justify the assumption that these patients would not require any ongoing visits

to a specialist or further support with enteral nutrition.

Table 39 within Section B.3.5.2 of Document B (p 127-129) provides “Resource use
for parenteral support (PS) by health state”, rather than resource use for short bowel
syndrome and type 3 intestinal failure (SBS-IF). As such, patients who are PS
independent do not use any PS are assumed to have no costs. Costs associated
with patients’ underlying SBS-IF are assumed to be equal between teduglutide and
standard care treated patients and are not included within our cost-effectiveness

model.

That said, we acknowledge there is uncertainty as to whether patients with SBS-IF
who achieve PS independence with teduglutide will require specialist visits to
monitor their nutritional balance and provide enteral nutrition support, separate from
their routine SBS-IF appointments. This uncertainty exists as it has previously not
been possible for patients with SBS-IF who are stable on PS to achieve PS
independence. As such, we have run a scenario providing an upper-bound estimate
of this uncertainty in which we have assumed two specialist visits per year for PS-
independent adults and four specialist visits per year for PS independent children.
These estimates of specialist visits were based on clinical feedback sought by

Takeda. The results of this scenario are provided in Table 14 below.

Table 14. Scenario analyses for additional specialist visits in health state PS0

Model component Base case Scenario Teduglutide ICER

costs (E/QALY)
Adult base case ] £16,652
PS independent No specialist 2 specialist _——-—
resource use visits visits per year
Paediatric base case _ £4,811
PS independent No specialist 4 specialist _ -
resource use visits visits per year
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e Please provide further justification for why sepsis costs have been included in
the health state costs rather than included as adverse events based on the
data from STEPS.

Line sepsis can occur as a result of a central venous catheter infection during
parenteral support (PS) administration. Clinical expert opinion sought as part of the
short bowel syndrome costing study highlighted that the risk of line sepsis is
increased by the frequency of catheter days®”- %8. Therefore, it is important to model
the changing risk of line sepsis linked to the number of days of PS a patient requires
each week. Applying line sepsis as an adverse event linked only to teduglutide
exposure but not linked to PS levels would lack the granularity necessary to model
this outcome sufficiently. Therefore, we considered it a more accurate and more
clinically reflective approach to include these costs as part of the health state costs.
All other adverse events in our model are applied to the teduglutide and standard
care arms regardless of health state, so this approach maintains consistency. To
ensure there is no double counting when applying these line sepsis costs by health
state, any line sepsis events recorded as adverse events are excluded from adverse
events in the model. This change to avoid double counting was made in response to

feedback from the previous appraisal of teduglutide.

e Please clarify how the measure of line sepsis requiring critical care was

derived, what it represents, and how this has been costed.

The approach taken to estimate line sepsis costs was revised from the previous
appraisal based on the feedback received by the ERG, the DSU and the NICE
appraisal committee. The ERG previously proposed an approach to align clinical
expert input from the Parexel short bowel syndrome costing studies®”: 58 with
published evidence sources®®%" of line sepsis rates for patients as a whole who

require parenteral support (PS).
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The costing study provided estimates of mean annual line sepsis rates of 0.135,
0.172 and 0.232, for low, moderate, and high levels of PS, respectively. However, a
pooled estimate of 0.44 was taken from published literature for PS as a whole, and
as suggested by the ERG, this value of 0.44 was used to calibrate the values for
each health state to ensure a weighted average was equal to 0.44. The relative rates
between high and moderate, and moderate and low estimated in the costing study
were maintained and assumed to apply to PS3, PS5 and PS7, for low, moderate,
and high, respectively. Interpolation was used to estimate values for the remaining

health states.

For line sepsis requiring critical care, the feedback received during the previous
appraisal was that the estimates from the costing study (20-50% of patients with line
sepsis would be expected to require critical care) was likely to be an overestimate.
The NICE Decision Support Unit (DSU) sought clinical expert advice from both
doctors and nurses and concluded that 10% of patients with line sepsis would
require critical care. We took this feedback onboard and have assumed 10% of

patients with line sepsis will require critical care in our current base case analysis.
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Appendix G — NHS organisation submission template (DH and WG)

NATIONAL INSTITUTE FOR HEALTH AND CARE EXCELLENCE
Single Technology Appraisal (STA)
Teduglutide for treating short bowel syndrome [ID3937]

Thank you for agreeing to give us your views on the technology and the way it should
be used in the NHS.

The Department of Health and the Welsh Government provide a unique perspective
on the technology, which is not typically available from the published literature. NICE
believes it is important to involve NHS organisations that are responsible for
commissioning and delivering care in the NHS in the process of making decisions
about how technologies should be used in the NHS.

To help you give your views, we have provided a template. The questions are there
as prompts to guide you. You do not have to answer every question. Short, focused
answers, giving a Department of Health and Welsh Government perspective on the
issues you think the committee needs to consider, are what we need.

About you
Your name: Dr Simon Gabe

Name of your organisation: Lennard Jones intestinal failure unit, St Mark’s
hospital, LNWH Trust

Please indicate your position in the organisation:

- aspecialist in the treatment of people with the condition for which NICE is
considering this technology?

- a specialist in the clinical evidence base that is to support the technology
(e.g. participation in clinical trials for the technology)?
Links with, or funding from the tobacco industry - please declare any direct or

indirect links to, and receipt of funding from the tobacco industry:

No funding from the tobacco industry

What is the expected place of the technology in current practice?

How is the condition currently treated in the NHS? Is there significant geographical
variation in current practice? Are there differences in opinion between professionals
as to what current practice should be? What are the current alternatives (if any) to
the technology, and what are their respective advantages and disadvantages?




Appendix G — NHS organisation submission template (DH and WG)

NATIONAL INSTITUTE FOR HEALTH AND CARE EXCELLENCE
Single Technology Appraisal (STA)

Teduglutide for treating short bowel syndrome [ID3937]
The main treatment for short bowel syndrome is nutritional support (delivery of
nutrients, electrolytes and fluids), which can be given through a tube directly into the
stomach or intestine (enteral feeding) or vein (intravenous nutrition or support)
- Enteral tube feeding into the stomach or small bowel is infrequently used in this
condition. The method of delivery depends on the length and function of the
remaining intestine
- Intravenous nutrition is used for patients who have severe intestinal failure. When
this is long-term (Type lll intestinal failure) then this is often referred to as home
parenteral nutrition as it is possible to manage patients on this form of life support at
home. The maijority of people self-administer intravenous nutrition at home, using a
long-term intravenous tube inserted by a healthcare professional. These tubes are
associated with life threatening complications such as blood infections and blood
clots. Home parenteral nutrition is also associated with the development of intestinal
failure associated liver disease (IFALD) and liver failure. Parenteral support places a
huge burden on patients, because it requires them to be attached to an infusion
pump for many hours each night, for several nights a week. Some people need
treatment every night and are unable to work.

People with short bowel syndrome will also receive drugs to promote nutrient
absorption, including antimotility agents (such as loperamide and codeine) to
increase the time it takes food to travel through the intestines, and antisecretory
agents (such as proton pump inhibitors) to reduce the production of gastric acid.
Patients will be advised to restrict their oral fluid intake and change their diet to
promote absorption.

In addition, where possible surgery is considered to reconstruct or lengthen the
remaining parts of the bowel, to increase the surface area for absorption. People
whose condition does not respond to treatment, or who develop serious
complications from long-term parenteral support, may require an intestinal transplant,
but this is considered only as a last resort.

In terms of variation of practice in England, the management is fairly well agreed.
There are differences in management that may relate to experience of the clinicians
and teams looking after patients in different locations. The widest experience for the
management of these patients is at St Mark’s hospital and Salford Royal Hospital,
where there are currently 2 National Reference Centres looking after large volumes
of patients. Around the country there may be up to 25-30 hospitals looking after
patients with varying experience. Currently the NHS is settin up a networked service
(HIFNET) relating to all patients with intestinal failure receiving intravenous nutrition
support. A service definition has been set and the larger centres, which are surgical
and medical severe intestinal failure (SIF) centres, are in the process of being
allocated. The smaller medical home parenteral nutrition (HPN) centres have not yet
been allocated. Ultimately the aim for NHS England is that this type of network will
be able to ensure a consistent standard of practice across the country.

The management of patients with intravenous nutrition support is well established
and there are good survival rates for this sort of management. However,
complications do occur with infection or thrombosis associated with the central
venous catheters as well as intestinal failure associated liver disease. This morbidity
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adds to the cost of treatment. Nevertheless, the cost of this treatment overall is
much less than the current cost of teduglutide. However, quality-of-life is a separate
issue. The advantage of teduglutide is that it has the potential to get patients off
intravenous nutrition support, or decrease the amount they require. This certainly
does have the potential to improve the patient’s quality-of-life.

The alternatives to teduglutide are listed above with management predominantly
relating to continuing with intravenous nutrition support, together with standard
medical management. Current alternatives include:

- Surgical re-continuity procedures: this can only be performed in patients that have
residual bowel that is out of continuity. However, it is very effective at rendering
patients independent of parenteral nutrition support when it is possible to be
performed.

- Small bowel lengthening procedures: this is currently being assessed in England
and so far only 2 adult patients have undergone this procedure. This approach
should therefore be considered more experimental at this stage as it is rarely
performed in this country and also in Europe. There is a greater experience in
America and also in the paediatric population.

- Intestinal transplantation. Intestinal transplantation is performed in very selected
patients with short bowel. It is mainly reserved to patients who develop life-
threatening complications. It is high cost and has a lower survival rate overall than
remaining on intravenous nutrition support.

To what extent and in which population(s) is the technology being used in your local
health economy?

- is there variation in how it is being used in your local health economy?

Currently this treatment is not available on the NHS in our local health economy. |
have had 2 patients who have received it on a compassionate use basis, having
been in the trials assessing its use. This was some time ago and both patients have
now died unfortunately. One patient did develop pancreatic cancer and the other
patient died of his underlying condition.

- is it always used within its licensed indications? If not, under what circumstances
does this occur?

I would expect that it would always be used within its licensed indications.
- what is the impact of the current use of the technology on resources?

For the patients who | did have on this treatment, one came off his intravenous
nutrition support altogether and therefore there was a substantial benefit to the health
economy as well as to his quality-of-life. The second patient halved his intravenous
nutrition support requirements, decreasing the cost to the NHS. This also improved
his quality-of-life as well as stomal output decreased substantially, helping to prevent
leakages from occurring and improving his confidence. Both patients were able to
work as a result of being the medication.




Appendix G — NHS organisation submission template (DH and WG)

NATIONAL INSTITUTE FOR HEALTH AND CARE EXCELLENCE
Single Technology Appraisal (STA)
Teduglutide for treating short bowel syndrome [ID3937]
- what is the outcome of any evaluations or audits of the use of the technology?

I have only had 2 patients on this treatment and therefore have not been able to audit
it apart from being able to describe these patients as above.

- what is your opinion on the appropriate use of the technology?

| can see that this will definitely have a place in a treatment algorithm. Patients who
are stable on intravenous nutrition support with short bowel (who do not meet any
exclusion criteria) would be offered this. It will be especially helpful for patients with a
very high output jejunostomy as these patients are deficient of GLP 2 and this
treatment will correct that deficiency. It will maximise potential absorption from the
residual bowel and decrease their requirement for parenteral nutrition support.
Another group of patients who need only small amounts of parenteral nutrition (often
these are patients who have residual colon in continuity). These patients have been
shown to be more likely to be able to come off parenteral nutrition support as a result
of this treatment.

Potential impact on the NHS if NICE recommends the technology

What impact would the guidance have on the delivery of care for patients with this
condition?

As above, ultimately it will decrease the number of patients requiring intravenous
nutrition support. These patients would have to be cared for in a specialist setting by
experienced clinicians to minimise side effects and complications of the treatment
itself. This would naturally be done in integrated intestinal failure centres on HIFNET.

In what setting should/could the technology be used — for example, primary or
secondary care, specialist clinics? Would there be any requirements for additional
resources (for example, staff, support services, facilities or equipment)?

As above, this should be restricted to be prescribed by experienced specialist centres
such as the integrated intestinal failure centres on HIFNET. | do not think additional
staff would then be required. There may be some requirement for additional
resources as these patients need to be followed up more closely than patients who
are just simply on intravenous nutrition support. This would be in terms of increased
outpatient reviews as well as more blood tests and tests for colonic surveillance
(colonoscopy or CT colonography)

Can you estimate the likely budget impact? If this is not possible, please comment on
what factors should be considered (for example, costs, and epidemiological and
clinical assumptions).
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The budget impact is great if the cost of the treatment remains exceptionally high at
around £190,000 per annum. However, if the NHS can achieve a price reduction
then obviously this would change.

Would implementing this technology have resource implications for other services
(for example, the trade-off between using funds to buy more diabetes nurses versus
more insulin pumps, or the loss of funds to other programmes)?

| do not think that this technology would have resource implications for other
services.

Would there be any need for education and training of NHS staff?

There would be need for education and training of NHS staff. This would naturally
happen in the intestinal failure centres as described above. My understanding is that
industry would be prepared to fund such an education programme.

Equality

NICE is committed to promoting equality of opportunity, eliminating unlawful
discrimination and fostering good relations between people with particular protected
characteristics and others. Please let us know if you think that this appraisal:

- could exclude from full consideration any people protected by the equality
legislation who fall within the patient population for which [the treatment(s)] is/are/will
be licensed,;

- could lead to recommendations that have a different impact on people protected by
the equality legislation than on the wider population, e.g. by making it more difficult in
practice for a specific group to access the technology;

- could lead to recommendations that have any adverse impact on people with a
particular disability or disabilities.

The only real issue that is probably different to the question that is being asked is that
as the cost of this treatment is extremely high, whether it would have an impact on
treating other conditions due to less money being available in the NHS budget. To
some extent this is a political question although not entirely. If the use of this
medication is truly limited to patients with short bowel syndrome & intestinal failure
then this would be a select group of patients and therefore the budget impact would
be minimised. Nevertheless, it still would be large impact on a healthcare budget as
far as | can see. Itis imperative that a much lower cost for this treatment is achieved
when negotiating with the company.

If treatment with this medication is available within a networked system (HIFNET)
then | do not think that there would be any equality issues as patients can be referred
to the appropriate hospital or centre that is closest to them.
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Please tell us what evidence should be obtained to enable the Committee to identify
and consider such impacts.

n/a

Other Issues

Please include here any other issues you would like the Appraisal Committee to
consider when appraising this technology?

Your privacy
The information that you provide on this form will be used to contact you about the topic above.
[] Please tick this box if you would like to receive information about other NICE topics.

For more information about how we process your personal data please see our privacy notice.
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Thank you for agreeing to give us your organisation’s views on this technology and its possible use in the NHS.
You can provide a unique perspective on conditions and their treatment that is not typically available from other sources.
To help you give your views, please use this questionnaire with our guide for patient submissions.

You do not have to answer every question — they are prompts to guide you. The text boxes will expand as you type. [Please note that
declarations of interests relevant to this topic are compulsory].

Information on completing this submission

e Please do not embed documents (such as a PDF) in a submission because this may lead to the information being mislaid or make
the submission unreadable

e We are committed to meeting the requirements of copyright legislation. If you intend to include journal articles in your submission
you must have copyright clearance for these articles. We can accept journal articles in NICE Docs.

e Your response should not be longer than 10 pages.

About you

1.Your name XXXXXXXXXXXXXX XXX
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2. Name of organisation PINNT

3. Job title or position Chair

4a. Brief description of the Support & advocacy for people living on home artificial nutrition.

organisation (including who Main funding comes from member donations, fund raising events, corporate partners pay a small fee

funds it). How many members | annually, donation to PINNT from consultancy and advisory projects which occur on an ad hoc basis.
does it have? In excess of two-thousand.

4b. Has the organisation A five-thousand-pound donation from Takeda as emergency funding during COVID-19.

received any funding from the | Purpose: To aid our work when donations dropped/ceased during the pandemic when our network was
manufacturer(s) of the tested in terms of providing support and information to our members.

technology and/or comparator
products in the last 12
months? [Relevant
manufacturers are listed in the
appraisal matrix.]

If so, please state the name of
manufacturer, amount, and
purpose of funding.

: None.
4c. Do you have any direct or

indirect links with, or funding
from, the tobacco industry?

Patient organisation submission
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5. How did you gather
information about the
experiences of patients and
carers to include in your
submission?

¢ We contacted members who have ongoing lived experiences with HPN/IF and asked them to
submit individual testimonies about life with SBS/IF/PN.
e A previous survey of members with a question-and-answer format.

Living with the condition

6. What is it like to live with the
condition? What do carers
experience when caring for

someone with the condition?

The patient journey to SBS is varied and potentially protracted given the potential for high levels of
interventions by medically and surgically. The most associated conditions are Crohn’s and other
Inflammatory Bowel diseases. For many patients, SBS may not be the only health condition that they are
managing on a day-to-day basis. These ‘pre-existing’ conditions may already have placed restrictions on
an individual’s life. SBS/IF is both a complex and rare condition, the addition of parenteral nutrition as a
treatment is an additional layer of complexness which brings both benefits and risks.

Once a patient develops SBS their life will be changed immensely, sometimes under quite traumatic
circumstances. In a short space of time someone can go from eating and drinking in the normal way to
being dependent on parenteral nutrition (PN) via a central venous catheter (CVC). Thankfully PN is
lifesaving, having said that it is also highly complex and can be life-threatening in terms of the additional
risk of infections and complications. Any PN associated complications could mean hospital admissions
which patients want to avoid. The ability for SBS people to continue to eat and drink normally will vary;
whatever the individual outcome is it will come with additional issues such potential pain when eating,
discomfort, vomiting/nausea, increased output and frequent trips to the toilet and possibly oral restrictions
with fluid and food types. The impact of this on an individual is immense — emotionally, physically and
practically. There are some people who are unable to eat and drink at all; the psychological impact is
immense, in a world where food and drink is used to celebrate special occasions and bring family and
friends together, we impose social isolation on many with SBS/IF/PN.

PN keeps people with SBS alive, day in day out. Due to the administration regimen, it is highly restrictive
to the person receiving it and their families. Daily movements are dictated by their treatment regime. In
most cases planning for the day ahead starts the day before due to infusion times and relevant
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procedures. Sadly, many people with SBS are used to having to cancel plans at the last minute due to
unexpected changes in their daily ability to cope.

There are evidence-based procedures that need to be adhered to every time a bag of PN is set up and
then disconnected upon completion of an infusion. Each step has been planned to safeguard the patient
in terms of potential infection or complications. The procedure times will vary due to the ability of the
individual person, it could be up to 30 minutes depending on the procedure the patient uses. Once
connected a bag of PN, up to 4 litres, along with the pump, battery and PN rucksack need to be carried
around by the individual. There is a false belief that PN is given purely overnight while the individual is
asleep. The total weight of PN and relevant accessories can be up to and over 4kg. Some people will
need help to connect to their PN, many are self-caring, some people receive nursing care (which restricts
the whole process of PN due to the rotas in which the nursing services are available) others need help
from their partners/carers.

‘On bad days when I'm in excess pain or dehydrated, my wife helps as my concentration isn't sufficient. It
can be difficult lifting 3500ml bag.’

Many patients experience high levels of pain due to their underlying condition(s); this is their new ‘normal’
given their situation but this in no way makes it more bearable. There are times when even this becomes
excessive, and the usual pain relief becomes ineffective. Their pain threshold is pushed to the limit, even
exceeded so their ability to cope and be independent is compromised even further.

‘Only need help when unwell with symptoms or fatigue. Easy to make mistakes.’

‘Initially |1 found myself being continually tired. This was due to the fact | had to care for [her] and also
carry out the procedure to connect her up to the TPN every day for approximately eighteen months. When
she was well enough to do it herself, we still had days when she was very ill and whilst not as frequent,
she still has bad days. For me personally, | have a continual worry in the back of my mind wondering
whether if she is ok in my absence. | have had many down days however this has not in any way affected
me as much as it has [her].’

Once the individual is connected an infusion rate is set into the feeding pump which controls how much
PN is given at an hourly rate. The infusion rates and volumes will vary from patient to patient, one
common factor is the need to visit the toilet during the infusion time. Sleep can be disturbed multiple times
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during the night for bowel and bladder emptying, the patient will need to get themselves and the
equipment to the toilet in good time to avoid accidents. It's not only the patient who experiences disturbed
sleep patterns but anyone else sharing the bedroom or even in the household.

The pressure on families with a child on PN are even greater as their role is to safeguard over night in
terms of being alert and vigilant to warning alarms if the feeding pump detects a problem.

In some situations the carer of an adult will also need to be vigilant as they be the person who needs to be
attentive to alarms to assist with any corrective measures that need to be taken.

For both parents/guardians/carers, there is potential to assist with toilet trips during the night. Indeed, this
can include mopping up leaks, spillages, changing night attire, changing the bed and cleaning up the
mess caused by a problem with a stoma bag while safeguarding the integrity of the giving set and CVC to
ensure there is no cross contamination.

On average someone receiving PN will spend six days a week, twelve hours a day undergoing the
administration of feed. This volume can vary over the years and some people may have a reduction in the
volume of feed — this results in a greater level of freedom. For many patients the panacea is to reduce the
volume of feed as much as they can to allow them to lead a less restricted life.

‘More flexibility and freedom. Went from 5 nights to 4. Easier to travel as less baggage.’

‘More nights off | have from PN the better. | constantly have the goal of reducing PN. Gives me an aim.’
‘Reduction from 5 to 4 days a welcome change.’

In terms of administering the actual feed, this is carried out solely by the patient in over 75% of cases, with
family members also supporting the administration as and when required.

In addition to the time spent infusing the PN there is the need to be fully aware of the arrangements for
delivery of both the PN and ancillaries required. Monitoring stock levels, ensuring the PN is safely stored
and checking expiry dates is a vital part of the process for the individual and their carers. The expiry date
must be adhered to on the PN due to the stability of the components that make us the solution. Adverse
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reactions could result in trips to hospital which patients want to avoid at costs. All products must be safe to
infuse and use. In addition to this there will be the need for hospital visits related to the underlying
condition and the PN, as well as any other medical conditions they may have.

There is no standard PN patient; each arriving at the point of having SBS and needing PN at different
times of their lives. The impact for each of them will be individual but there are common issues around
acceptance/anger/frustration and personal expectations. It maybe they feel less fulfilled in the life they
once hoped. HPN dictates a high level of commitment both in terms of time and concentration. There is no
let up or break from the life-saving treatment and regimes.

The impact of treatment does vary from patient to patient but generally speaking their ability to work is
moderately to very affected, personal relationships and mental health are moderately affected and their
ability to take part in recreational activities is moderately to very affected.

‘[he] has definitely been limited in his career due to his condition. His condition restricts his travel day-to-

day, so he has not been able to take a number of promotions as he can't do the commuting. He also gets
very tired so working extended hours is not an option. Recreationally, his condition limits certain activities
at the weekend and late nights are not an option due to needing to get on his TPN. He also rarely drinks

as it makes him jll so missed out on social opportunities as feels restricted.’

‘My husband’s life has certainly improved since commencing artificial nutrition. He remains unable to work
and is unable to participate in sporting activities, but these are due to other medical ailments. All our
family and close friends are aware of the artificial nutrition being received by my husband and offer
support.’

There are also practical implications of HPN in terms of storage of a medical fridge, relevant ancillaries to
perform the procedures and a dedicate area in which the procedures can be done safely.

Organising an overnight stay away from home can be problematic and even more complicated if people
are able and wish to travel overseas. The need for PN can restrict choices in terms of travel etc. Some
have tried it and elect to continue; others elect not to do it due to the amount of meticulous planning
needed.

‘Only once, not regularly.’
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‘Too much organisation and worry, also | need a fridge large enough to take 3.5 litres PN feeds.’
Takes a lot of planning, also hard and tiring.’

Patients are provided with packaging for cold-chain process (2-8°C) in around 70% of cases which is
needed for travel and safe storage at the holiday accommodation can be difficult to obtain. Transporting
PN can mean the cold-chain boxes which can weight up to 16kg. There is an increasing number of
patients who can use multi-chamber bags that do not need the cold-chain process. However, these may
be restricted to a certain number of nights as they are not nutritionally complete.

The risks of PN are widely known and patients and carers are trained to recognise them and take
appropriate action to seek medical attention. A high proportion of people (68%) receiving parenteral
nutrition have experienced a line infection. When this happens, they are instructed to go to their own
centre or their nearest A&E department. It's imperative that line cultures are taken to determine if an
infection is present before broad spectrum antibiotics are started. It may then be necessary for the patient
to remain in hospital until an infection can be confirmed and appropriate action taken such as a course of
appropriate antibiotics or central line removal and replacement, it will vary.

From the perspective of the carer, a marked change in their loved one’s general state of health and
wellbeing is often felt. Changes in the ability of the patient to work, decreased energy levels, social
impact. Many carers will dedicate their life to looking after their family member who has SBS and will forgo
their own needs and wants to do so, giving up work to become a full-time carer in many cases.

‘After [her] operation 2 years ago we knew it would be life changing. Living with a patient with a high
output stoma and relying on 1V fluids is difficult at times but in a way has made us stronger. A routine is
imperative.’

‘Initially | found myself being continually tired. This was due to the fact | had to care for [her] and also
carry out the procedure to connect her up to the TPN every day for approximately eighteen months. When
she was well enough to do it herself, we still had days when she was very ill and whilst not as frequent,
she still has bad days. For me personally, | have a continual worry in the back of my mind wondering
whether if she is ok in my absence. | have had many down days however this has not in any way affected
me as much as it has [her].’
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Living with SBS and being dependent on PN is lifesaving but it comes with limitations within the
boundaries of the condition and treatment. The impact of treatment and care will vary between individual
people and their families; each has their own journey and perspective. If there is a chance that a new
technology could have a positive outcome on the daily lives for those for living with SBS and for those
supporting them, then an overall improve in quality of life could be achieved. For many it’s a situation that
impacts on the whole family unit and not solely on an individual.

The patient/carer quotes are taken from the PINNT Short Bowel Syndrome Survey 2016.

Current treatment of the condition in the NHS

7. What do patients or carers Home parenteral nutrition is seen by many as a welcomed life-saving intervention. It gives people with
think of current treatments and | SBS/IF the ability to receive nutrients and fluids to sustain life given their complex rare diseases. Of late
care available on the NHS? there have been concerns about the supply of compounded parenteral nutrition which is a worry for some.

8. Is there an unmet need for Yes, there is no alternative therapeutic option to parenteral nutrition.

patients with this condition?

Advantages of the technology

9. What do patients or carers Some have mentioned that this technology gives ‘hope’ for increased quality of life for those with SBS/IF
. dependent on PN. There is huge potential for reduced burden of care, reduce complications and a degree
think are the advantages of the . - .

of freedom for carers given the demand on their time, both physically and mentally.

technology?
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Disadvantages of the technology

10. What do patients or carers
think are the disadvantages of
the technology?

Some have read about the technology and realise there is potential for an adjustment period to the
technology, as with any new drug. There may be a period of increased gut pain, painful injections or
issues relating to the effects on current stomas.

Patient population

11. Are there any groups of
patients who might benefit
more or less from the
technology than others? If so,
please describe them and
explain why.

None that we can state.

Equality

12. Are there any potential
equality issues that should be
taken into account when
considering this condition and
the technology?

None that we are aware of.
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Other issues

13. Are there any other issues
that you would like the
committee to consider?

Each person is unique; expectation will vary and no two people with SBS/IF on HPN will be the same. The
treatment is the common denominator, expectations and the ability to make choices will vary. Our
testimonies and member survey clearly show this.

Key messages

14. In up to 5 bullet points, please summarise the key messages of your submission:

¢ Reduced nights of PN = improved quality of life both for patients & carers. Mental health can be improved.

e Nights without PN can provide quality sleep which aids the ability to cope with SBS/IF, HPN and additional medical condition(s).

e The burden of care and treatment could be alleviated if people have greater freedom within the boundaries of their condition(s) &
treatment.

e Offer a viable therapeutic alternative to PN.
e Allow greater flexibility & choice around the burden and precise planning of travelling with PN both in the UK and further afield.

Thank you for your time.

Please log in to your NICE Docs account to upload your completed submission.

Your privacy
The information that you provide on this form will be used to contact you about the topic above.
[] Please tick this box if you would like to receive information about other NICE topics.

For more information about how we process your personal data please see our privacy notice.
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Thank you for agreeing to give us your organisation’s views on this technology and its possible use in the NHS.
You can provide a unique perspective on conditions and their treatment that is not typically available from other sources.
To help you give your views, please use this questionnaire with our guide for patient submissions.

You do not have to answer every question — they are prompts to guide you. The text boxes will expand as you type. [Please note that
declarations of interests relevant to this topic are compulsory].

Information on completing this submission

e Please do not embed documents (such as a PDF) in a submission because this may lead to the information being mislaid or make
the submission unreadable

e We are committed to meeting the requirements of copyright legislation. If you intend to include journal articles in your submission
you must have copyright clearance for these articles. We can accept journal articles in NICE Docs.

e Your response should not be longer than 10 pages.

About you

1.Your name I
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2. Name of organisation

Short Bowel Survivor and Friends

3. Job title or position

Chair/ Trustee

4a. Brief description of the
organisation (including who
funds it). How many members

does it have?

Short Bowel Survivor and Friends is a not — profit charity Registration Number: 114493544
It is funded by public money in the form of fundraising activities, gifts and donations
At present we have 43 members including the steering committee

4b. Has the organisation
received any funding from the
manufacturer(s) of the
technology and/or comparator
products in the last 12
months? [Relevant
manufacturers are listed in the

appraisal matrix.]

If so, please state the name of
manufacturer, amount, and

purpose of funding.

NONE
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4c. Do you have any direct or
indirect links with, or funding

from, the tobacco industry?

NONE

5. How did you gather
information about the
experiences of patients and
carers to include in your

submission?

Firstly, | am grandmother of a13 year old girl who was born with Atresia, leaving her with initially only
10cm of small bowel. | was trained in the administration of Home Parenteral Nutrition (PN) so as to be
able to assist my daughter who was a single parent. The child had several rounds of surgery in the first 3
years of her life and on PN for 6 years. | therefore have first-hand knowledge and experience of the
intense ‘burden of care’ SBS-IF imposes on families.

In 2011/12 | was instrumental in setting up Short Bowel Survivor and Friends charity which offers help
support and up to date information to SBS-IF families through our website and mutual support via our
social media site. As part of my role, | visit new parents on request in need of support. | am also in contact
with other similar groups such as NEC UK and attend Parents Advisory Meetings run by the National
Perinatal Epidemiology Unit where we review recent research into conditions that cause SBS-IF

Living with the condition

6. What is it like to live with the
condition? What do carers
experience when caring for

someone with the condition?

Living with SBS-IF is a constant round of pain and discomfort, tiredness and lethargy from disturbed sleep
affects not only the child but the whole family. For parents and carers there is the constant worry about
the risk of line infection, sepsis and the prospect of liver failure. A simple illness with a raised temperature
can induce fear and panic in the parents of a baby or young child — to say nothing of the fear of failed or
lost line sites and for which bowel transplant becomes the only option for survival at present. Parents
often spend long hours in hospital wating rooms for appointments with doctors and clinicians to have
measurements taken and blood work done to check if the child is healthy or the PN prescription needs to
be altered. Many drugs are prescribed to help alleviate the effects of the condition and the PN. At these
meetings parents often say they feel stressed and sometimes feel frustrated and inadequate.
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Parents and carers get up 5 or 6 times in the night and have to strip off the child and bathe them due to
the burning effects of the diarrhoea on the skin. School age children are often tired due to disturbed sleep
and find it difficult to concentrate in lessons.

The day to day lives of parents are also affected by the loss of sleep and anxiety which affects their ability
to cope with in the workplace or the everyday duties of housework and laundry. They are very limited to
the kind of activities they are able to participate in outside of the home especially in the evening when they
must administer PN which requires they are at home with the child ready to ensure a safe sterile
procedure in order to, avoid infection. PN can be anything up to 12 hours a night and 7 nights a week.

It is almost impossible to get people to babysit a child on PN due to the complexity of the equipment and
the needs of the child. Parents find it difficult to explain their child condition to others as people in general
have little or no idea where the small bowel is or what it does or how vital it is for survival.

Current treatment of the condition in the NHS

7. What do patients or carers
think of current treatments and

care available on the NHS?

Most parents are initially horrified at the thought of having to administer PN at home by themselves. They
think there is no way they will remember everything they need to do! By the time the child is ready to go
home they will have had lots of training but its still a scary prospect. Parents are generally grateful for PN
to keep their child alive and hopefully thriving. They still have a lot to cope with, machines that malfunction
and beep madly in the night, worry about air in the line and the line becoming dislodged or tugged out.
The amount of equipment needed for the procedure makes storage onerous. Space must be found for an
extra fridge to keep the PN away from other foodstuffs. Deliveries of PN and equipment have to be
ordered and managed. Delivery is something of a post code lottery according to some parents. Recently
parents have experienced difficulties with the production and deliveries of PN.

8. Is there an unmet need for

patients with this condition?

Procedure for dealing with SBS-IF seems to differ from one hospital to another. There are many causes of
SBS-IF that require different skills and techniques. Surgeons and gastroenterologists have differing
opinions about how best to treat the condition and parents often get caught up and confused by this.

PN is part of standard ‘treatment’ by the NHS for SBS-IF, however it only alleviates the condition and its
effects, it does not actually change the malfunction in the bowel.
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Advantages of the technology

9. What do patients or carers
think are the advantages of the

technology?

The parents of two of the babies taking part in the recent trials for this technology are members of Short
Bowel Survivors and Friends. They say they are happy and wish to continue with this “Technology’ both
parents report that their child has gained weight.

The mother of baby ‘C’ who is now 2 years old has commented that not only has it reduced the number of
nights on PN but also reduced diarrhoea and vomiting and it has given me more freedom to spend time
with my other child.”

The mother of baby ‘G’ also 2-year-old says “it has given him the quality of life that a 2-year-old deserves.
He is down to 4 nights TPN a week. He has just had life changing bowel surgery and the drug was
stopped. The difference without it is upsetting! His output is through the roof, 15 nappy changes instead 3
— 4 when he is on it. The results speak for themselves. | believe he needs this ‘medicine’ for him to have
a normal functioning life” (It also had allowed her to go back to work).

Disadvantages of the technology

10. What do patients or carers
think are the disadvantages of

the technology?

For some parents the thought of injecting their child is difficult.

As a grandparent | know that this technology is not suitable for every child. My granddaughter for example
has a rogue Chromosome in her bone marrow which could be adversely affected.

| understand that tumours could also be a problem
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Patient population

11. Are there any groups of
patients who might benefit
more or less from the
technology than others? If so,
please describe them and

explain why.

| think children less than 50% of their residual bowel could benefit and maybe those with ‘ultra’
short bowel could benefit following bowel lengthening surgery.

Those with other conditions that pose a threat like chromosomal difficulties and incidence of tumours
would | suggest be unlikely to benefit.

Equality

12. Are there any potential

equality issues that should be

taken into account when
considering this condition and

the technology?

Should this technology be made available on the NHS it should be available to all for once it can be
medically determined that they can benefit from it - regardless of their ethnicity, colour or creed or
ability to pay.
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Other issues

Recent trials and those from Recent trials and those from the past appear to show that this technology works and is used in many other countries
the past appear to show that
this technology works and is

used in many other countries

Key messages

14. In up to 5 bullet points, please summarise the key messages of your submission:

o SBS-IF is a life limiting condition which affects the whole family’s ability to function normally

o PN is an alternative way to feed those who cannot absorb sufficient nutrition independently

o There is constant worry for the family about sepsis, liver failure, loss of line sites resulting in the need for bowel transplant
o PN as part of NHS Standard Care alleviates the difficulties, it does nothing to change the malfunctioning bowel

o Evidence from recent trials and those from the past appear to show that this technology works in treating SBS-IF

Thank you for your time.

Please log in to your NICE Docs account to upload your completed submission.

Your privacy
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The information that you provide on this form will be used to contact you about the topic above.

[] Please tick this box if you would like to receive information about other NICE topics.

For more information about how we process your personal data please see our privacy notice.
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1 Executive summary

This summary provides a brief overview of the key issues identified by the evidence
review group (ERG) as being potentially important for decision making. It also
includes the ERG’s preferred assumptions and the resulting incremental cost-

effectiveness ratios (ICERs).

Section 1.1 provides an overview of the key issues. Section 1.2 provides an overview
of key model outcomes and the modelling assumptions that have the greatest effect on
the ICER. Sections 1.3 to 1.6 explain the key issues in more detail. Background
information on the condition, technology and evidence and information on non-key

issues are in the main ERG report.
All issues identified represent the ERG’s view and opinion, not that of NICE.
1.1  Overview of the ERG’s key issues

The focus of the submission received from Takeda is teduglutide for treating short
bowel syndrome. The clinical evidence for adults is provided mainly by data from two
randomised controlled trials (STEPS and 004) and three open-label extension studies
(STEPS-2, STEPS-3 and 005), eight non-interventional real-world studies and the
Takeda Patient Support Programme (PSP) in Australia. Clinical effectiveness data for
children are derived from two phase three trials (C13 and C14), their open-label
extension studies (SHP633-303 and SHP633-304) and one non-interventional real-
world study. Regarding the safety profile of teduglutide, the overall frequency and
severity of adverse events in the two phase 3 RCTs, STEPS and 004, was broadly
similar between participants treated with teduglutide and those treated with placebo,
apart from upper respiratory tract infection in the pooled analysis of STEPS and 004
only, which was noticeably higher in the teduglutide group compared with the placebo

group.

Xii



Table 1 Summary of key issues

Issue Summary of issue Rep.o rt
sections

Modelling of health state transitions (and the placebo

1 ; 3.22,4.2.6
response in STEPS)

2 Health state utility by PS frequency 4.2.7

3 Modelling of overall survival 4.2.6

4 Modelling of complications (IFALD and CKD) 4.2.6

5 Modelling of adverse events 4.2.6

6 PS health state costs (specialist visits and line sepsis) 4.2.8

1.2 Overview of the key model outcomes

The company utilise a Markov state transition model, with health states representing the
number of days of parenteral support a patient requires per week (PS0-7) and death.
Transition probabilities for those on teduglutide treatment are derived from the teduglutide
arm of STEPS, STEPS-2 (open label extension to STEPS) and the Australian PSP data —
allowing patients to reduce their PS requirement or to remain stable. In line with the
explanation outlined above for the placebo response in STEPS, the company retain the
baseline health state distribution for the standard of care arm over the lifetime horizon of the
model. Long term complications of intestinal failure associated liver disease (IFALD) and
chronic kidney disease (CKD) are assumed to be related to the frequency of PS use, and are

modelled as expected proportions by number of PS days. Other adverse events are modelled
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based on rates observed in STEPS and STEPs-2. Survival is assumed to be unaffected by

treatment or health state.
Overall, teduglutide is modelled to affect QALY by:

e Reducing the number of days that people require PS per week — modelled to improves

the health-related quality of life of patients and carers.

e Reducing the incidence of complicaitons associated with the frequency of PS use.

e Changing the incidence of other adverse events compared to standards care.
Overall, the technology is modelled to affect costs by:

e Increasing drug treatment acquisition and monitoring costs

e Reducing the costs associated with PS

e Reducing costs associated with complications associated with PS frequency

e Changing adverse events compared to standards of care.
The modelling assumptions that have the greatest effect on the ICER are:

e The assumption that patients on SoC receive no reduction in their PS requirement

over time

e The application of lower adverse event rates for those on teduglutide compared to

SoC beyond 6 months
e The extrapolation of overall survival.
1.3 The decision problem: summary of the ERG’s key issues

In general, the company decision problem is in line with the NICE final scope and no

major issues were identified by the ERG
1.4 Summary of the key issues in the clinical effectiveness evidence

Data from STEPS and 004 showed that a significantly higher proportion of patients on
teduglutide achieved a >20% reduction in parenteral support volume at week 20,

maintained to week 24 (the definition of clinical response and primary endpoint of
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STEPS) than patients on placebo and also in STEPS a significantly higher proportion
of patients on teduglutide reported achieving at least one day off PS per week that
those in the placebo arm. However, the company argue that the placebo response rate
was unrealistically high and could be explained by reliance of the conservative
weaning algorithm used in these clinical trials in comparison with the more liberal
weaning approaches used in clinical practice. The company, therefore, present data
from eight non-interventional, observational, studies and from their Australian PSP to

support the effectiveness of teduglutide.

The company performed two meta-analyses to formally compare the pooled estimates
derived from observational real-world studies to the estimates obtained from the
teduglutide arm of STEPS/STEPS-2 trials. There is no direct comparison of
teduglutide versus placebo as the real-world studies are non-interventional studies
without a comparator arm. The meta-analyses were not conducted to pool the results
of the clinical effectiveness of teduglutide against a comparator (standard care) but,
rather, to compare the effect estimates of teduglutide arm between different study

designs.

1.5 The cost-effectiveness evidence: summary of the ERG’s key issues

The ERG identifies the following key issues and uncertainties in the company’s

economic case:

Issue 1 Modelling of health state transitions.

Report section Section 4.2.6

Description of issue and
why the ERG has
identified it as

important

The company argue that the placebo response in STEPS is
an artefact of the weaning algorithm applied in the trial, and
that no such reductions would be expected for these
patients in routine practice where weaning algorithms are
not used. Conversely, they argue that the weaning
algorithms applied in STEPS and STEPS-2 lead to
underestimation of the reduction in PS frequency that
patients can expect in the absence of weaning algorithms.
This is backed up by the reductions observed in real-world

cohort studies and the Australian PSP data used in the
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model. The company’s explanation is plausible, but some
uncertainty remains as we do not have any comparative
evidence between SoC and teduglutide under routine

practice.

What alternative
approach has the ERG

The ERG accept the company base case as plausible, but

provide a scenario that applies the placebo response from

effect on the cost-

effectiveness estimates?

suggested? STEPS to the SoC arm, and holds the 6 months health state
distribution constant for the remainder of the model
horizon. The ERG acknowledge that this is likely overly
conservative.

What is the expected The scenario has a substantial upward impact on the ICER

What additional
evidence or analyses
might help to resolve

this key issue?

Further comment from clinical experts on the company’s
assumptions would be beneficial. In particular, comment on
the potential for patients that were included in STEPS or
the PSP to experience any sustainable reduction in PS in

the absence of teduglutide treatment.

Issue 2 Health state utility by PS frequency

Report section

Section 4.2.7

Description of issue and
why the ERG has
identified it as

important

The company provide strong arguments, backed up by
testimonies form patients and clinical experts, that a
reduction in PS days is the most relevant outcome of
teduglutide treatment in terms of impact on quality of life
of patients and carers. However, quality of life data
collected in STEPS fails to show a significant effect of
treatment and indicates an inconsistent relationship between
PS days and health state utility which lacks face validity.
The company, therefore, rely on values obtained for health
state vignettes. The ERG acknowledges the reasoning for

this but have some concern that the approach may
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exaggerate the quality of life benefit of PS reductions, and
note the lack of comparability of the modelled QALY's with
other appraisals. Similarly, carer QALY's are assumed to
be related to PS days in the model, but the empirical
evidence to support a quantitative relationship between PS
days and carer utility is weak. Therefore, the applied utility
decrements rely heavily on clinical expert opinion. A
further issue is that the utility decrements have been

estimated relative to perfect health.

What alternative
approach has the ERG
suggested?

There is little that can be done with respect to selecting
alternative sources for utility inputs, as these provide values
that are inconsistent with the argument that reductions in
PS improve health state utility. The ERG accepts the
company’s approach but has further explored the
uncertainty by reducing the range in utility between the PS0
and PS7 health state by 10% and 20%.

What is the expected
effect on the cost-

effectiveness estimates?

This has a modest upward impact on the ICER.

What additional
evidence or analyses
might help to resolve

this key issue?

Little can be done with respect to identifying further data.
Some further insight from patients and carers who have
experienced treatment and PS reductions with teduglutide

may be useful.

Issue 3 Modelling of survival

Report section

Section 4.2.6

Description of issue and
why the ERG has
identified it as

important

Survival in the model is based on extrapolation of
published Kaplan-Meier data on patients with SBS-IF on
long term PS. It is not influenced by health state or
treatment. The extrapolation period is long given the time

horizon of the model, and the company’s base case curve
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selection in the adult model may lack face validity as the
projected mortality rate drops below that of the general
population whilst a substantial proportion of the cohort
remains alive. Whilst this is overridden in the model by
equalising mortality to the age/sex match general
population mortality rate from this point onwards, other
curve selections that mitigate this issue may be preferable.
A further limitation relates to the fact that mortality is
assumed to be unaffected by the incidence of long-term
complications that are likely to increase the mortality risk

(see issue 4).

What alternative
approach has the ERG
suggested?

The ERG suggest an alternative more conservative
extrapolation of overall survival that does not project
mortality rates below the general population mortality rate
until later in the time horizon when a lower proportion of

the modelled cohort are still alive.

What is the expected
effect on the cost-

effectiveness estimates?

This has a modest upwards impact on the ICER

What additional
evidence or analyses
might help to resolve

this key issue?

Further comment from clinical experts on whether it is
reasonable for a proportion of patients with SBS-IF on
long-term parenteral nutrition to achieve mortality rates in
line with the general population. Or would SBS-IF patients
continue to have an excess mortality risk compared to

age/sex matched general population controls.

Issue 4 Modelling of complications

Report section

Section 4.2.6

Description of issue and

why the ERG has

IFALD (of different levels of severity) and CKD are
modelled as expected cumulative proportions by PS health

state, and the risk of developing these is assumed to
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identified it as

important

increase with higher PS frequency. Teduglutide reduces the
incidence of these complications by reducing PS frequency
and generates associated cost savings and QALY gains.
The approach to calculating the cumulative proportions
with IFALD and CKD is based on elicitation of expert
opinion, and involves further structural assumptions which
may generate biases. In particular, the lack of a structural
link in the model between the proportions surviving with
these complications and the risk of death may lead to their
overestimation over time; in turn leading to overestimation
of the associated costs and utility losses attributable to
living with the conditions (biasing in favour of teduglutide).
Conversely, it may result in failure to capture a small
expected survival benefit for teduglutide (biasing against
teduglutide). The magnitude and direction of bias is

unclear.

What alternative
approach has the ERG
suggested?

The model structure and data limitations preclude the
creation of link in the model between the proportion with
IFALD and CKD and the risk of mortality. Given the
uncertainties introduced by the approach to modelling these
complications, the ERG believe it is important to assess the
impact of excluding them s in scenario analysis. The

company and the ERG have done this.

What is the expected
effect on the cost-

effectiveness estimates?

Excluding them has a modest upward impact on the ICER.
This is likely to be conservative as it is plausible that
teduglutide has some effect on reducing their incidence and

associated costs and QALY losses.

What additional
evidence or analyses
might help to resolve

this key issue?

Further clinical expert opinion on whether it is reasonable
to assume teduglutide would reduce these complications.
Attempts by the company to better account for fact that

patients these complications, particularly with more
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advanced stages of liver disease, are at greater risk of

mortality.

Issue 5 Modelling of adverse events

Report section

Section 4.2.6

Description of issue and
why the ERG has
identified it as

important

The adverse event rates utilised in the economic model
decrease substantially from 6 months in the teduglutide arm
(based on data from STEP-2). This suggests a diminishing
event rate with respect to time and that the safety profile of
teduglutide improves over standard care. The ERG finds
that the company has not clearly justified these findings and
the calculation of the rates in a clear and transparent
manner. The section of the company submission presenting
the pooled safety data did not make a case for diminishing
rates of adverse events (events/patient time at risk) over
time. The calculation of AE rates in the model has not been
transparently presented, and there are no comparative data

to demonstrate a reduced rate of AEs compared to SoC.

What alternative
approach has the ERG
suggested?

The ERG explored the uncertainty by using only rates from
the STEPS trial and applying the standard of care rates to

the teduglutide arm from 6 months in the model.

What is the expected
effect on the cost-

effectiveness estimates?

The above changes have modest upward impact on the
ICER, but the company may be able to better justify their

assumptions and approach.

What additional
evidence or analyses
might help to resolve

this key issue?

It would be beneficial if the company can clearly and
transparently justify the case that teduglutide has more
favorable safety profile compared to SoC in the longer
term. Further clarity regarding the calculation of the applied

rates from the trial data would also be of value.
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Issue 6 PS health state costs

Report section

Section 4.2.8

Description of issue and
why the ERG has
identified it as

important

The company apply health state costs that account for PS
resources that are required to fulfill a patient PS needs. The
costs increase with the number of days PS is required. The
costs factor in 3 gastroenterology (multi-professional)
specialist visits per year for everyone on PS (1 to 7 days),
and assume no specialist visits for those who achieve PS
independence. Based on clinical advice, the ERG believe
that all patients with SBS-IF may require 3-4 specialist
visits per year, including those who achieve PS
independence. A further uncertainty relates to the inclusion
of line sepsis in the PS health state costs, with the incidence
of line sepsis assumed to increase with increasing
frequency of PS. The evidence and clinical support for this

appears to be mixed.

What alternative
approach has the ERG
suggested?

The ERG prefers to include an equal number of specialist
visits for those who achieve independence, and also
assesses the impact of assuming flat rate of line sepsis

across the PS health states (1-7 days).

What is the expected
effect on the cost-

effectiveness estimates?

The changes have modest upward impact on the ICER.

What additional
evidence or analyses
might help to resolve

this key issue?

Clinical expert opinion on whether:

e Achieving PS independence would be expected to
reduce the number of gastroenterology visits per
year for patients with SBS-IF.

e Whether it is reasonable to assume that line sepsis
rates are correlated with the number of days of PS a

patient required per week.

xxi




1.6 Summary of ERG’s preferred assumptions and ICER

Given the uncertainties outline above, and other issues raised in the report, the ERG prefers

to:

1) Correct a minor cell referencing issue for an adverse event disutility in the company

model.

2) Assume an equal number of gastroenterology specialist visits per year for those remain

on PS and those who achieve PS independence.

3) Recalculate the utility decrement applied for line sepsis relative the EQ-5D norm rather

than 1.

4) Apply the more conservative exponential extrapolation of overall survival to the adult

model

Further scenario analysis on the ERG base case explores the removal of IFALD and CKD
complications, the removal of carer disutility, and alternative extrapolations of time on

treatment (section 6.3).

Table 2 ICER resulting from ERG’s preferred assumptions

Section Cumulative
Incremental | Incremental
Preferred assumption | in ERG ICER
costs (£) QALYs
report £/QALY
Company base case - - £16,652
1) Correct disutility cell
. 5.3 I I £16,344
referencing error
2) Equal
gastroenterology visits 4.2.8 - - £16,947
for PSO
3) Recalculation of
utility decrement 4.2.7 e ] £17,158
applied for line sepsis
4) Exponential
extrapolations of 4.2.6 - - £20,314
survival

xx11



Note, separate analyses are provided for the paediatric population in chapter 6.
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2 INTRODUCTION AND BACKGROUND

2.1 Introduction

The relevant health condition for the submission received from Takeda UK Ltd is short bowel
syndrome with type 3 intestinal failure (SBS-IF) in people aged at least 1 year of age. The
company’s description of this health condition in terms of prevalence, symptoms and
complications appears generally accurate and in line with the decision problem. The relevant
intervention for this submission is teduglutide (Revestive®)

2.2 Background

The company submission (CS) describes SBS-IF as an ultra-rare, serious, highly debilitating
and life-threatening condition that leaves patients unable to absorb sufficient nutrition/fluids
without parenteral support. The company’s description of the condition is consistent with a
proposed consensus definition of SBS-IF (“Short-bowel syndrome-intestinal failure results
from surgical resection, congenital defect or disease-associated loss of absorption and is
characterised by the inability to maintain protein-energy, fluid, electrolyte or micronutrient
balances when on a conventionally accepted, normal diet”).! Short bowel syndrome is when
less than 200cm of the bowel remain, at which point intestinal failure can occur.'* Common
reasons for surgical resection of the intestine in adults are malignancy, Crohn’s disease,
vascular insufficiency or radiation.* In children, the main causes of SBS are prenatal (such as
atresia or gastroschisis), neonatal (such as necrotising enterocolitis) or postnatal (such as

midgut volvulus, arterial thrombosis or inflammatory bowel disease.>°

Some intestinal adaptation occurs following extensive resection of the small bowel, with the
intestine experiencing structural changes which deliver an increase in the absorptive surface
area.”® The extent of intestinal adaptation by the remnant bowel is a factor in the occurrence
of permanent intestinal failure and the requirement for parenteral support (PS).® Parenteral
support maintains fluid, electrolytes, trace elements, vitamins and nutrient balances and
consist of parenteral nutrition and/or intravenous fluid.!"*? Most patients with SBS can be fed
with standard polymeric formulation by mouth or with high-caloric low-sodium products
through medically placed feeding devices.!” People who require PS are at risk of catheter-
related bloodstream infections, venous thrombosis, metabolic bone disease and liver damage.

Further issues related to PS include psychosocial and financial problems.'!-!*
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The goals of treatments for SBS-IF are to: optimise the absorptive capacity of the remnant
bowel; minimise the symptoms of malabsorption; and avoid, minimise or remove the need for
PS. In those patients who require PS, reduction of PS requirements can improve quality of

life and minimise complications.!?

Treatments for SBS have traditionally focused on optimising dietary interventions, and
antisecretory and antidiarrhoea medication, with surgery a further option for some patients.'>
16 In recent years, promotion of intestinal rehabilitation and improvement of absorption has
become a prominent focus for the treatment of this population, including the use of
recombinant human growth hormone and the recombinant analogue of glucagon-like peptide
2 (GLP-2).% 15 Glucagon-like peptide 2 is a peptide which is secreted from the intestinal L
cells after ingesting food and improves the pathophysiologic consequences of SBS.” 1
Teduglutide (Revestive®) is a recombinant GLP-2 analogue that differs from naturally-
occurring GLP-2 by a single amino acid substitution, resulting in a longer elimination half-
life.!” '8 Teduglutide improves the structure and function of the remaining intestine, thus
enhancing fluid and nutrient absorption.!”> ' It has been reported that teduglutide reduces PS
volume requirements which may be associated with a reduction in PS burden.!”

Teduglutide was granted European marketing approval in August 2012 for adults with SBS.
The license was extended in 2016 to include patients at least 1 year of age. Revestive® is
formulated as a 1.25mg (for paediatric patients weighing <20kg) or Smg (for adults and
paediatric patients) powder and solvent for solution for injection. The recommended dose is

0.05mg/kg body weight once daily.?°

The proposed place of teduglutide in the treatment pathway is presented in Document B,
Figure 4 of the CS and is reproduced below as Figure 1. The ERG agrees that the company’s
proposed pathway is representative of current clinical practice and the anticipated positioning

of teduglutide is within its licensed indication.
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Origin
______________________________________________________________________________________ # S R
Evaluation and Acute phase
diagnosis (3—4 weeks)
v
Adaptation phase (up
to 2 years in adults;
longer in children)
Confirmed SBS-IF
stable on PS
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, #,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,
Treatment

Decision

Continued

treatment with
i PS, with best
| supportive care
i (anti-secretory, !
i anti-motility and |

point

v

¥

{ antibiotic agents |
as necessary)
A

Teduglutide

Continue on PS 0.05 mg/kg/day +/- PS

¥
Surgical procedures
(not appropriate
comparator)

]

Consider feasibility of

Iy

intestinal transplant if
unstable disease

A 4

Figure 1

Company’s proposed treatment pathway and positioning of teduglutide

for adults and children with SBS-IF [reproduced from Document B, Figure 4 of the CS]

2.3 Critique of company’s definition of decision problem

A summary of the company’s decision problem in relation to the NICE final scope is

presented in Table 3 below. A critique of adherence of the company’s economic modelling to

the NICE reference case is presented in Chapter 4.
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Table 3 Summary of the company’s decision problem

Final scope issued by NICE

Decision problem addressed in
the company submission

Rationale if different from the
final NICE scope

ERG comment

Population People with short bowel People aged >1 year old with Teduglutide is licensed in The ERG agrees that the population
syndrome who are stable short bowel syndrome who are patients at least 1 year old addressed in the CS is appropriate for this
following a period of intestinal stable following a period of appraisal
adaptation after surgery intestinal adaptation after surgery

Intervention Teduglutide in addition to As per scope NA The intervention described in the CS
established clinical management matches that described in the NICE final

scope. Teduglutide was granted European
marketing approval in August 2012 for
adults with SBS. The license was extended
in 2016 to include patients of at least 1 year
of age

Comparator(s) Established clinical management | As per scope NA The comparator described in the CS matches
without teduglutide (including the comparator described in the final scope
parenteral support, antimotility
and antisecretory agents, fluid
restriction and dietary
optimisation)

Outcomes » reduction in parenteral support | As per scope NA The outcomes reported in the CS match the

requirements (volume and
frequency)

* overall survival

* adverse effects of treatment
* health-related quality of life
* impact on carers

NICE final scope. The ERG clinical expert
considers the outcomes to be appropriate for
addressing the topic of this appraisal

Economic analysis

The reference case stipulates that
the cost effectiveness of
treatments should be expressed in
terms of incremental cost per
quality-adjusted life year.

The reference case stipulates that
the time horizon for estimating
clinical and cost effectiveness

Most aspects of the economic
analysis are per the reference
case (all direct health effects
considered, lifetime time horizon,
systematic review for synthesis
of evidence, use of QALYs,
equity considerations, NHS and
PSS perspective for costs and

The only patient-reported utilities
available are derived from the
STEPS trial.

Clinicians
state that this is not realistic.

The ERG finds the economic analysis to be
broadly in line with reference case. See
chapter 4 for detailed comments.

4
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should be sufficiently long to
reflect any differences in costs or
outcomes between the
technologies being compared.

Costs will be considered from an
NHS and Personal Social
Services perspective.

The availability of any
commercial arrangements for the
intervention, comparator and
subsequent treatment
technologies will be taken into
account

resource use, 3.5% discount rate).

The only exception is the source
of data for measurement of
health-related quality of life:
derived from Ballinger 2018, a
vignette study using utilities
provided by UK general
population

Subgroups

No subgroups were specified in
the NICE final scope

Special considerations
including issues related
to equity or equality

Guidance will only be issued in
accordance with the marketing
authorisation. Where the wording
of the therapeutic indication does
not include specific treatment
combinations, guidance will be
issued only in the context of the
evidence that has underpinned
the marketing authorisation
granted by the regulator

The CS states that no equality considerations
were identified by the company. The ERG is
in agreement that there are no equity issues
for this submission
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3 CLINICAL EFFECTIVENESS

3.1  Critique of the methods of review(s)

Full details of the methods used to identify and select the clinical evidence relevant to

this appraisal are reported in Appendix D of the CS. The ERG appraisal of the

company’s systematic review methods is summarised in Table 4.

Table 4 ERG’s appraisal of the systematic review methods presented in the CS

conducted by two or more
reviewers independently?

Review process ERG ERG response Comments

Were appropriate searches Yes The CS provides full details of the

(e.g., search terms, search searches used to identify the studies for

dates) performed to identify the clinical effectiveness review. The

all relevant clinical and search strategies include relevant

safety studies? controlled vocabulary and text terms with
appropriate use of Boolean operators and
are fully reproducible. Details provided in
Appendix D of the CS.

Were appropriate Yes Sources included Embase, Medline, and

bibliographic CENTRAL for primary research, DARE

databases/sources searched? and CDSR for evidence syntheses.
Relevant conference proceedings were
also searched. Full details are provided in
Appendix D of the CS.

Were eligibility criteria Yes The eligibility criteria were not used in

consistent with the decision the clinical effectiveness searches,

problem outlined in the ensuring the search returned any relevant

NICE final scope? results.

Was study selection Yes Appendix D, SLR report, page 20 states

that for the SLR update “Two independent
reviewers screened citations by
title/abstract, with any conflicts regarding
eligibility resolved by discussion between
the two reviewers. Where necessary,
arbitration was provided by a third, more
senior reviewer. Full-text publications
were also evaluated by two independent
reviewers, with any disputes regarding
eligibility resolved by dialogue between
the two reviewers. Again, arbitration was
provided by a third, more senior reviewer
if required”

Appendix D, SLR report page 61 states
that for the original SLR “Two reviewers
independently reviewed each reference
(title and abstract) identified by the
literature search and applied basic study
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selection criteria (population, intervention
and study design). Where a consensus was
not reached, any uncertainty about the
inclusion of studies was checked and
judged by a third senior researcher. For
potentially relevant articles, the full
article was obtained and independently
reviewed against each eligibility
criterion.”

Was data extraction
conducted by two or more
reviewers independently?

Yes

Appendix D, SLR report, page 20 states
that for the SLR update “Data from the
included publications were extracted by
one reviewer into standardised, piloted
data extraction tables (DETS) in Excel. To
ensure that all data in the final DETs
were accurate, all extracted data were
checked and validated by a second
independent reviewer.”

Appendix D, SLR report, page 61 states
that for the original SLR “Data were
extracted from the included full-text
articles by one reviewer. All extracted
data were then quality checked against
the original source article by a second,
independent reviewer.”

Were appropriate criteria
used to assess the risk of bias
of identified studies?

Yes

Critical appraisal of the STEPS and 004
RCTs appears to have been conducted
using an adapted version of the University
of York Centre for Reviews and
Dissemination checklist. The non-
randomised trials and observational
studies were quality-assessed using the
Downs and Black checklist.

Was risk of bias assessment
conducted by two or more
reviewers independently?

Yes

Quality assessments were performed by
one reviewer and then checked and
validated by a second independent
reviewer

Was identified evidence
synthesised using appropriate
methods?

Yes

The meta-analyses were not conducted to
pool the results of the clinical
effectiveness of teduglutide against a
comparator (standard care). Rather, they
compared the effect estimates of
teduglutide arm between different study

types.

The ERG conducted a quality assessment of the methods used by the company for the

systematic review of clinical evidence using the Centre for Review and Dissemination

(CRD) criteria.?! The results are presented in Table 5.
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Table 5 Quality assessment of the company’s systematic review of clinical

effectiveness evidence

CRD quality item Yes/No/Unclear

1. Are any inclusion/exclusion criteria reported relating to Yes

the primary studies, which address the review question?

2. Is there evidence of a substantial effort to search for all Yes

of the relevant research?

3. Is the validity of included studies adequately assessed? Yes
4. Are sufficient details of the individual studies presented? Yes
5. Are the primary studies summarised appropriately? Yes

3.2 Critique of trials of the technology of interest, the company’s analysis and
interpretation (and any standard meta-analyses of these)

3.2.1 Included studies

Details of the key clinical effectiveness evidence are provided in Document B,
Section B.2 of the CS. The company presents clinical effectiveness evidence from a
number of clinical trials, open-label extensions, and real-world studies for adults and
children. For adults, clinical effectiveness data are derived from two randomised
controlled trials (STEPS and 004),% ?? three open-label extension studies (STEPS-2,
STEPS-3 and 005),>*2° a company-sponsored real-world patient support programme
(PSP)?¢ in Australia, and eight non-interventional real-world studies; for children,
clinical effectiveness data are derived from two phase three trials (C13 and C14),2”-28

their open-label extension studies (SHP633-303 and SHP633-304)*°:3° and one non-

interventional real-world study.

For their economic model, the company focused on data from STEPS, STEPS-2, and
the Australian PSP. The company presents details of the studies excluded from the
economic model, along with the rationale for exclusion in Tables 6 and 7 of the CS.

The ERG critique of the company’s economic model will be discussed in chapter 4.

While the company have not included studies listed in Table 6 of the CS in their

economic model, they present clinical evidence from some of them in the clinical
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effectiveness section of the CS. They present efficacy data from STEPS-3, 004, C13
and C14 and safety data from 004, 005, C13, C14, SHP633-303 and SHP633-304. It
is unclear why they have not presented data from SHP633-302 and TED-C14-004,
two open-label studies - one enrolling children (SHP633-302) and one adults (TED-
C14-004). At clarification, the company explained that they decided to exclude these
studies as they had been conducted in Japan and were of small sample size. While the
ERG agrees with the company that addition of these studies would be of limited

value, the reason for their exclusion is not entirely justified.

Details of the relevant clinical effectiveness evidence are presented in section B.2.2 of
the CS. STEPS, 004, 005, SHP633-303, SHP633-304, C13, C14 and the PSP study

received funding from Takeda, or by companies affiliated with Takeda.

Methodology of the RCTs included in the CS and their extension studies

The methodology of the two RCTs included in the CS are presented in Table 8. The
methods used in STEPS and 004 were broadly similar with some differences. The
baseline characteristics of the two trials are provided in Table 10 of the CS and the
company provides a comparison of the STEPS population and a database study of the
UK SBS-IF population in Appendix L. The ERG notes that the populations are
comparable in terms of their demographic characteristics, and the ERG’s clinical
expert believes that the patient populations in both STEPS and 004 are representative

of the patients currently seen in UK clinical practice.

The ERG generally agrees with the company’s critical appraisal of the STEPS and
004 (presented in Appendix D, Tables 1 and 2 and assessed using adapted CRD
guidance) and is satisfied that the trials are of good methodological quality.?! The
ERG considers the methodology of these two trials broadly similar, although there are
variations in terms of their eligibility criteria, primary endpoints and some subgroups.
The most important difference between the two trials is the more restrictive weaning
algorithm adopted in 004. The company maintain that the weaning algorithms used in
both trials are more conservative than the PS weaning used in clinical practice; in
particular, the company claim that the algorithm used in 004 is unduly restrictive in
that it allows only a maximum of 10% PS reduction and the trial, therefore, lacks

external validity. The ERG accepts the company’s argument that the weaning

9
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algorithm used in STEPS is a closer match to clinical practice than the weaning

algorithm used in 004.

STEPs-2 (24-month follow-up) and STEPS-3 (12-month follow-up) were open label
extension studies to the STEPS trial. An overview of the methodology of the
extension studies is provided in section B.2.3.2 and Figure 6 of the CS, reproduced
here as Figure 2 below. The extension studies followed the same weaning algorithm
as STEPS but there were fewer opportunities for PS reduction. The baseline
characteristics of the two extension studies are provided in Appendix L, Tables 22 and
23. The ERG notes the relatively small sample size of STEPS-3 (n=14), and that the
number of patients providing outcome data for given timepoints in this trial is variable
due to the rolling study start dates and fixed end date. STEPS-3 was also conducted

exclusively in the USA, although the ERG has no concerns on this point.

STEPS STEPS-2 STEPS-3
Randomised, double-blind Open-label extension, no control Open-label extension, no control
27 global sites 25 global sites 5 US sites
24 weeks 24 months , . Up to 12 months

Baseline
Teduglutide 0.05 mg/kg/day Teduglutide 0.05 mg/kg/day
TED-TED TED-TED
(n=37) (n=5)

Teduglutide 0.05 mg/kg/day
(n=43)

Baseline

Placebo Teduglutide 0.05 mg/kg/day Teduglutide 0.05 mg/kg/day
(n=43) PBO-TED PBO-TED
(n=39) (n=6)

Baseline

in STEPS* —_— —_—
Direct enroliment in STEPS-2 ' :

Screened but not treated

Abbreviations: NT-TED, not treated in STEPS and treated with teduglutide in STEPS-2; PBO-TED,
treated with placebo in STEPS and treated with teduglutide in STEPS-2; TED-TED, treated with
teduglutide in STEPS and STEPS-2

Notes: *Patients who completed fluid optimisation and stabilisation but were not randomised in STEPS
because of full study enrolment were eligible for direct enrolment into STEPS-2

Source: STEPS primary publication;? STEPS-2 primary publication;?* STEPS-3 primary publication®!

Figure 2 Overview of the STEPS clinical programme (reproduced from

Document B, Figure 6 of the CS)

10
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Methodology of the Australian PSP
The methodology of the PSP in Australia is outlined in section B.2.3.3 of the CS. The

PSP included training and guidance for healthcare professionals and patients, as well

as home nursing suppor. |
I D2 are presented in the CS for |G
I The companty presents a comparison of the

baseline characteristics of the PSP patients and the STEPS teduglutide patients in
Table 16 of the CS. The ERG notes that the two populations are _

_ The company notes that while there is variability

across sources of data with respect to the proportion of patients with colon-in-
continuity and end-stoma, the presence of colon-in-continuity and end-stoma within
patients in STEPS was balanced between study arms and therefore did not contribute
to any difference in treatment effect between the teduglutide and placebo arms. The
presence of colon-in-continuity and end-stoma within patients in STEPS was also

representative of patients treated with teduglutide in the real-world.

Methodology of the real-world studies

Details of the eight non-interventional, observational studies of teduglutide are
presented in section B.2.6.4 of the CS and the baseline characteristics of these studies
are presented in Table 15 alongside a comparison with the STEPS teduglutide
population. The company assessed the methodological quality of the real-world using
the Downs and Black checklist.*> The ERG broadly agrees with the company’s
assessment but notes that the observational study design (and lack of a comparator
treatment) are inherently at greater risk of bias than randomised controlled trials,

which are regarded as the gold standard for evaluating healthcare interventions.

Methodology of the paediatric studies
The company present efficacy and safety data from studies that focused on a

paediatric population to compare their results with those that focused on an adult

11



CONFIDENTIAL UNTIL PUBLISHED

population. The company presents a summary of the methodology of the trials
conducted in children in section B.2.3.4 and Table 9 of the CS. Both C13 and C14
were open-label, dose-finding studies conducted in paediatric patients with SBS-IF.
Patients received treatment with teduglutide or standard care for 24 weeks in C14, and
for 12 weeks in C13. While study patients in both studies were not randomised to
receive teduglutide or standard care (C14 n=9, C13 n=5), patients who chose
treatment with teduglutide in C14 were randomised to receive either teduglutide 0.025
mg/kg/day (n=24) or teduglutide 0.05 mg/kg/day (n=26). No randomisation was
performed in C13 and patients were enrolled to receive one of three doses of
teduglutide: 0.0125 mg/kg/day (n=8), 0.025 mg/kg/day (n=14), or 0.05 mg/kg/day
(n=15). In C13 and C14, the investigators were provided with weaning guidance, but
the decision to wean at study visits was ultimately at the investigator’s and patient’s
discretion. In C13, guidance suggested that PS volume could be decreased if fluid
intake exceeded output by >400 mL/m?. In C14, guidance suggested that PS volume
could be decreased by >10% if urine output was >25mL/kg/day, if urine specific
gravity was <1,020, if the patient gained weight, and if patients had <10 stools per day
(not in nappies), or stool/mixed output was <75 mL/kg/day (in nappies), or ostomy

output <80 mL/kg/day.

The company also presents evidence of teduglutide 0.05 mg/kg/day in children from a
real-world observational study of 17 patients conducted in eight sites in Spain.** The
ERG notes that this is a small observational study with no comparator treatment. The
baseline characteristics of the paediatric studies are reported in Appendix L, Tables
25,26 and 35. The ERG’s clinical expert is satisfied that the study populations are
representative of the UK paediatric SBS-I population. The company provides their
critical appraisal of C13 and C14 in Appendix D, Tables 3 and 4, and of Ramos
Boulda in the SLR Appendix D, Table 29 using the Downs and Black checklist.*> The
ERG broadly agrees with the company’s quality assessment of these studies.

A summary of the clinical evidence considered in the CS is presented in Table 6

below.

For the adult population, a comparison of the baseline characteristics of the STEPS

and 004 trials, real-world studies, and the PSP data is presented in the Table 7 below.

12
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The ERG noted some differences in the interpretation of the baseline data presented in
the primary publications compared with data presented in the CS, although these

differences are minor and unlikely to influence the results.

13
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Table 6 Summary of the clinical evidence considered in the company submission
Name Design Location Population | Intervention | Comparator | Relevant Clinical Safety Used in | Used in
outcomes efficacy data the the
data presented | meta- economic
presented | in the CS | analysis | model
in the CS
STEPS Phase 3, multi- | 27 sites in Adults (>18 | Teduglutide Placebo Days per week | Yes Yes Yes Yes

national, 10 years old) 0.05 (n=43) of PS

randomised, countries: with SBS-IF | mg/kg/day Volume of PS:

double-blind, Canada, who were (n=43) percentage of

placebo- Denmark, receiving PS patients who

controlled, 24- | France, for >3 days demonstrated a

week study Germany, per week >20%

Italy, reduction in PS

Weaning Netherlands, volume at

protocol: PS Poland, week 20, and

volumes could | Spain, UK, maintained this

be reduced if and USA to week 24

urine volumes

during the

preceding 48 Safety

hours were

>10% above
baseline from
between 10—
30% of baseline
PS volume at
each timepoint

14
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(study visits on
weeks 2, 4, 8,
12, 16, 20 and
24)

004

Phase 3, multi-
national,
randomised,
double-blind,
placebo-
controlled, 24-
week study

Weaning
protocol: PS
volumes could
be reduced if
urine volumes
during the
preceding 48
hours were
>10% above
baseline by up
to 10% of
baseline PS
volume at each
timepoint
(Study visits on
weeks 4, 8,12,
16, 20 and 24,
and reduced on
no more than 5

32 sites in 9
countries:
Belgium,
Canada,
Denmark,
Germany,
France,
Netherlands,
Poland, UK,
and USA

Adults (>18
years old)
with SBS-IF
who were
receiving PS
for >3 days
per week

Teduglutide
0.05
mg/kg/day
(n=35)
Teduglutide
0.10
mg/kg/day
(n=32)

Placebo
(n=16)

Days per week
of PS

Volume of PS:
graded
response score,
defined as a
combination
measure of
magnitude of
response and
duration at
weeks 16 to 24
(graded
response score
of >1
considered
equivalent to
the primary
endpoint in
STEPS)

Safety

Yes

Yes

No

15
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of these 6
timepoints) If,
in addition,
urine volume
was over 2.0

L/day, PS
volume could
be reduced by
>10% of
baseline PS
volume (as
clinically
appropriate)

STEPS-2 | Two-year, 25 sitesin 9 | Adults (=18 | Teduglutide None Days per week | Yes Yes Yes Yes
open-label, countries: years old) 0.05 of PS
multi-national, | Poland, with SBS-IF | mg/kg/day Volume of PS:
extension study | Denmark, screened or | (n=88) binary
for patients Italy, treated in response at a
screened or Canada, STEPS given visit was
treated in Germany, defined as the
STEPS France, .

Spain, UK achievement of
> BT at least a 20%
and USA .
reduction from
baseline in
weekly PN/LV.
volume
Safety

STEPS-3 | One-year, open- | 5 sites in Adults (=18 | Teduglutide None Days per week | Yes No No No

label extension | USA years old) 0.05 of PS

16
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study for with SBS-IF | mg/kg/day Volume of PS
patients in who (n=14)
STEPS-2 at 5 completed
US sites STEPS-2
005 28-week, open- | 32 sitesin9 | Adults (>18 | Teduglutide Adults (>18 | Days per week | No Yes No No

label, multi- countries: years old) 0.05 years old) of PS
national, Belgium, with SBS-IF | mg/kg/day with SBS-IF | yolume of PS:
extension study | Canada, treated in (n=31) treated in binary response
for patients Denmark, 004 Teduglutide | 004 defined as a
treated with Germany, 0.10 20% to 100%
teduglutide or France, mg/kg/day reduction from
placebo in 004 | Netherlands, (n=34) baseline in the

Poland, UK, weekly PN/LV.

and USA volume

and

Belgium

Safety
Joly 2020 | Real-world, 15 site in 54 patients Teduglutide None Percentage of | Yes No Yes No

non- France with SBS-IF | 0.05 patients
interventional mg/kg/day achieving a
multi-centre (n=54) clinical

study

response (>20
reduction in PS
volume from
baseline)
Percentage of
patients
achieving
independence
from PS (100%
reduction in PS
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volume from
baseline)

Lam
2018

Real-world,
non-
interventional
single-centre
study

1 site in
USA

18 adults
with SBS-IF

Teduglutide
0.05
mg/kg/day
(n=18)

None

Percentage of
patients
achieving a
clinical
response (>20
reduction in PS
volume from
baseline)
Percentage of
patients
achieving
independence
from PS (100%
reduction in PS
volume from
baseline)

Yes

Yes

Martin
2021

Real-world,
non-
interventional
single-centre
study

1 site in
France

31 patients
with SBS-IF

Teduglutide
0.05
mg/kg/day
(n=31)

None

Percentage of
patients
achieving a
clinical
response (>20
reduction in PS
volume from
baseline)
Percentage of
patients
achieving
independence

Yes

Yes
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from PS (100%
reduction in PS
volume from
baseline)

Pevny
2019

Real-world,
non-
interventional
single-centre
study

1 site in
Germany

19 patients
with SBS-IF

Teduglutide
0.05
mg/kg/day
(n=27)

None

Percentage of
patients
achieving a
clinical
response (>20
reduction in PS
volume from
baseline)
Percentage of
patients
achieving
independence
from PS (100%
reduction in PS
volume from
baseline)

Yes

Yes

Puello
2020

Real-world,
non-
interventional
single-centre
study

1 site in
USA

18 adults
with SBS-IF

Teduglutide
0.05
mg/kg/day
(n=18)

None

Percentage of
patients
achieving a
clinical
response (>20
reduction in PS
volume from
baseline)
Percentage of
patients

Yes

Yes
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achieving
independence
from PS (100%
reduction in PS
volume from
baseline)

Schoeler | Real-world, 1 site in 14 adults Teduglutide
2018 non- Germany with SBS-IF | 0.05
interventional mg/kg/day
single-centre (n=14)
study

None

Percentage of
patients
achieving a
clinical
response (>20
reduction in PS
volume from
baseline)
Percentage of
patients
achieving
independence
from PS (100%
reduction in PS
volume from
baseline)

Yes

Yes

Tamara | Real-world, 1 site in 4 adults with | Teduglutide
2020 non- Spain SBS-IF 0.05
interventional mg/kg/day
single-centre (n=4)

study

None

Percentage of
patients
achieving a
clinical
response (>20
reduction in PS
volume from
baseline)

Yes

Yes
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Percentage of
patients
achieving
independence
from PS (100%
reduction in PS
volume from
baseline)

Ukleja
2018

Real-world,
non-
interventional
single-centre
study

1 site in
USA

6 adults with
SBS-IF

Teduglutide
0.05
mg/kg/day
(n=6)

None

Percentage of
patients
achieving a
clinical
response (>20
reduction in PS
volume from
baseline)
Percentage of
patients
achieving
independence
from PS (100%
reduction in PS
volume from
baseline)

Yes

No

Yes

No

PSP data

A non-
interventional
Patient Support
Programme in
Australia

Australia
(number of
sites NR)

Real-world
patients
receiving
teduglutide
in Australia

Teduglutide
0.05

mi/ki/day

None

Days per week
of PS

Percentage of
patients
achieving a
clinical

Yes

Yes

Yes
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response (>20
reduction in PS
volume from
baseline)
Percentage of
patients
achieving
independence
from PS (100%
reduction in PS
volume from

baseline)
TED- Phase 3, open 17 sites in 2 | Children Teduglutide Standard Days per week | Yes Yes No No
C13-003 | label, non- countries: (aged 1to 17 | 0.0125 care (PS; of PS
randomised, 12- | UK and years old) mg/kg/day n=5) Volume of PS
week study in USA with >12 (n=8) Safety
the UK and US month Teduglutide
history of 0.025
SBS mg/kg/day
(n=14)
Teduglutide
0.05
mg/kg/day
(n=15)
SHP633- | Open-label, 10 sites in Patients with | Teduglutide None Days per week | Yes Yes No No
303 long-term the UK and | SBS who 0.05 of PS
extension study | USA completed mg/kg/day Volume of PS
to C13 Cl13 (n=29) Safety
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last 3 months

TED- Phase 3, multi- | 27 sites in 7 | Children Teduglutide Standard Days per week | Yes Yes No No
C14-006 | national, open countries: (aged 1to 17 | 0.025 care (PS; of PS
label, non- Belgium, years old) mg/kg/day n=9) Volume of PS
randomised, 24- | Canada, with >12 (n=24) Safety
week study Finland, month Teduglutide
Germany, history of 0.05
Italy, UK, SBS mg/kg/day
and USA (n=26)
SHP633- | Open-label, 23 sites 6 Patients with | Teduglutide | None Days per week | Yes Yes No No
304 multi-national, countries: SBS who 0.05 of PS
long-term Belgium, completed mg/kg/day Volume of PS
extension study | Canada, Cl4 or (n=61) Safety
to C14 and Finland, SHP633-301
SHP633-301 Italy, UK
and USA
Ramos Prospective 8 centres in | Children Teduglutide | None PS volume Yes No No No
Boluda observational Spain (aged 1to 18 | 0.05
2020 24-week study years old) mg/kg/day
with
dependent
on PN, and
with no
surgical
interventions
or changes in
PN in the

Abbreviations: SBS-IF, short bowel syndrome with type 3 intestinal failure; PS, parenteral support; PSP, patient support programme
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Table 7 Summary of the baseline characteristics of the STEPS and 004 trials, real-world studies, and the PSP data
STEPS 004 PSP Joly Lam Martin Pevny Puello Schoeler Tamara Ukleja
2020 2018 2021 2019 2020 2018 2020 2018
TED  Placebo TED  Placebo TED TED TED TED TED TED TED TED
0.05mg/  (N=43) 0.05mg/  (N=16) 0.05mg 0.05mg 0.05mg 0.05mg 0.05mg 0.05mg/ 0.05mg/  0.05mg/k
kg/day kg/day /kg/day /kg/day /kg/day /kg/day /kg/day kg/day  kg/day  g/day
(N=43) (N=35) Bl (=59 N=18) (NS31) (N=27) (N=18) (N=14) (N=4)  (N=6)
Age, years, mean 50.9 49.7 47.1 494 . 52.3 472 512 S51(17) 54.42 49.1 53 46.3
(SD) [range] (12.6) (15.6) (14.2) (15.1) (2.1) (20-81)  (IQR (28-74) (18.7)  (20-74) (18.1)
[22-78]  [18-82]  [20-68]  [20-72] 37-59)
BMI, kg/m2, mean 225 223(3.1) 21.2 22.0 | 214 NR  21.7° 213 2150 NR NR 66.5
(SD) [range] (3.2) [17.5— (3.0 (2.9) (0.6) (IQR (2.6) (17.6- (15.5)
[17.6— 28.6] [15.6- [17.4- 19.2— 32.8)
29.8] 26.7] 28.4] 23.3)
Women, n (%) 22 24(55.8) 18(51.4) 9(56.2) | 19 11 11 14 10 9(643) 2(50.0)  4(66.7)
(51.2) (352)  (61.1) (35.5) (51.8)  (55.5)
Cause of major intestinal resection, n (%)
Ischaemia/vascular 13 163372) 144000 37188 R 21 7 10 12 3(16.7) 5(357) 2(50.0) 2(33.3)
disease (30.2) (38.9) (389  (323) (444
Crohn’s 10  8(18.6) 10(28.6) 7(43.8) I 16 7(38.9) 10 4(14.8) 12 7(50.0) 0 2(333)
disease/inflammatio (23.3) (29.6) (32.3) (66.7)
n bowel disease
Volvulus 3(69)  6(13.9) 5(143) 2(12.5) B 7029 165 43129 0 0 1(7.1)¢ 0 0
Injury 4(9.3) 4(93)  3(8.6) 1(6.3) | 0 NR  3(9.7) 3(11.1) 0 0 0 0
Cancer 1(2.3) 2 (4.7) NR NR | NR NR NR NR NR NR NR NR
Small bowel atresia 0 NR NR NR NR NR NR NR NR NR NR NR
Radiation enteritis 0 NR NR NR I 3G9 NR 1(3.2) 0 0 7%F 0 0

24



CONFIDENTIAL UNTIL PUBLISHED

STEPS 004 PSP Joly Lam Martin Pevny Puello Schoeler Tamara  Ukleja
2020 2018 2021 2019 2020 2018 2020 2018
TED  Placebo TED  Placebo TED TED TED TED TED  TED TED TED
0.05mg/ (N=43)  0.05mg/ (N=16) 0.05mg 0.05mg 0.05mg 0.05mg 0.05mg 0.05mg/ 0.05mg/ 0.05mg/k
kg/day kg/day /kg/day /kg/day /kg/day /kg/day /kg/day kg/day  kg/day  g/day
(N=43) (N=35) Bl (=59 (N=18) (N=31) (N=27) (N=18) (N=14) (N=4)  (N=6)
Gastroschisis 0 NR NR NR T NR NR NR NR 1(5.5) NR NR NR
Gastric cancer 1(2.3) NR NR NR NR NR NR NR NR NR NR NR
Other 12 7063 386 30183 | 7029 NR 3 8(29.6) 5(27.8) 1(7.1)  2(50.0) 2(33.3)
(27.9) (9.7%)
Intestinal anatomy 3(6.9) 3(6.9) 1(2.9) 0 . NR NR NR 2(74) 3(16.7) NR NR NR
or remnant small
bowel length
unknown, n (%)
Patients with 21 17 (39.5) NR NR [ | NR NR 15 6(222) 10 NR  3(75.0)  3(50.0)
stoma, n (%) (48.8) (48.4) (55.5)
Types of stoma, n (% of patients with stoma)
Jejunostomy 11 5(294) 6(UC)E 4 (UCE | 19 NR 13 1(16.7) 3(30.0) NR NR  2(66.7)
(52.3) (UC)e (86.7)
Ileostomy 6(28.6) 9(529) 2(UC)E 1 (UC)k [ | NR NR 3(50.0) 6 (60.0) NR NR 0
Colostomy 4(19.0) 1(5.9) NR NR B 2woe NR 2 (13.3) 0 1(10.0) NR NR  1(33.3)
Descendostomy 0 0 NR NR | NR NR 0 1(16.7) 0 NR NR 0
Other 0(0) 2(11.8) NR NR [ | NR NR 0 1(16.7) 0 NR NR 0
(duodenostomy;
jejunostomy +
ileostomy)
End stoma, n (%) 21/42 NR NR NR NR 3 (16.7) NR NR NR NR NR NR
(50.0)
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STEPS 004 PSP Joly Lam Martin Pevny Puello Schoeler Tamara  Ukleja
2020 2018 2021 2019 2020 2018 2020 2018
TED  Placebo TED  Placebo TED TED TED TED TED  TED TED TED
0.05mg/ (N=43)  0.05mg/ (N=16) 0.05mg 0.05mg 0.05mg 0.05mg 0.05mg 0.05mg/ 0.05mg/ 0.05mg/k
kg/day kg/day /kg/day /kg/day /kg/day /kg/day /kg/day kg/day  kg/day  g/day
(N=43) (N=35) Bl (=59 (N=18) (N=31) (N=27) (N=18) (N=14) (N=4)  (N=6)
Colon in 26  23(53.5) 26(74.3) 11 (68.8) I 35 15 16 21 9(50.0) 9(643) 1(25.0) 3 (50.0)
continuity, n (%) (60.5) (64.8) (833)  (51.6) (77.8)
Overall remnant small bowel length, cm
n 40 40 31 15 | 54 18 31 27 18 14 4 6
Mean (SD) 84.4 68.7  58(44)  77(53) . 61.8 558 748 NR 100 64.5 70 75 (32)
(64.6) (63.9) (5.9) (6-180)  (IQR (40— (20-150)  (60-80)
34— 240)
100)
Average percent of colon remaining
n 24 NR NR NR | NR NR NR NR NR NR NR NR
Average % (SD) 55.6 NR NR NR ‘ NR NR NR NR NR NR NR NR
(20.8)
Mean time 68 5957 66065 7975 R 9.8 3.0 4.8 43 NR NR 35(NR) 4.6(4.8)
receiving PS, years (6.3) (1.2) (0.3-8) (IQR (5.8
(SD) 23—
8.3)
Mean parenteral 1,844 1,929 1,374 1,531 2,295 NR NR NR NR NR NR NR
volume, mL/day (1,057)  (1,026) (639 (874) (344)
(SD)
Weekly PS volume 12.6 NR NR NR . 11.2 9.9 7.50 13.7 9.9 12.2 108  7.7(4.3)
at baseline, L (SD) (7.4) (1.) @27-  (IQR (7.9)  (95% (SEM (1.3)
30)  3.5-15) CI6.7— 2.3)
13.2)

Time receiving PS at baseline, n (%)
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STEPS 004 PSP Joly Lam Martin Pevny Puello Schoeler Tamara Ukleja
2020 2018 2021 2019 2020 2018 2020 2018
TED  Placebo TED  Placebo TED TED TED TED TED  TED TED TED
0.05mg/ (N=43)  0.05mg/ (N=16) 0.05mg 0.05mg 0.05mg 0.05mg 0.05mg 0.05mg/ 0.05mg/ 0.05mg/k
kg/day kg/day /kg/day /kg/day /kg/day /kg/day /kg/day kg/day  kg/day  g/day
(N=43) (N=35) Bl (=59 (N=18) (N=31) (N=27) (N=18) (N=14) (N=4)  (N=6)
<1 year, n (%) 0(0) NR NR R NR NR NR NR NR NR NR NR
>1 year to <2 11 NR NR NR NR NR NR NR NR NR NR NR
years, n (%) (25.6)
>2 years, n (%) 32 NR NR NR NR NR NR NR NR NR NR NR
(74.4)
Mean days per 56 59(1.5) 5.1(1.6)¢ 53(1.7) [ | 4.4 NR 4 (IQR 5(2) 6.1 5.6(NR) 5(0) 4.8(2)
week of PS (SD) (1.7) 0.2) 3-5) (95%
Cl5.2-
6.9)
Days per week of 5.6 NR NR NR 44 4 (IQR 5(2) 6.1 5.6 50) 48(2)  4*(IQR
PS at baseline (1.7) (0.2) 3-5) (95% (NR) 3-5)
(SD) CI5.2-
6.9)
Concomitant medication
Antidiarrhoeals, n 22 16(372) 22(62.8)  8(50.0) [ | NR NR NR NR NR NR NR NR
(%) (51.2)
Antisecretory 25 22(512) 19(54.3) 7(43.8) [ | NR NR NR NR NR NR NR NR
agents, n (%) (58.1)

Abbreviations: 95%C, 95% confidence interval; BMI, body—mass index; PS, parenteral support; med, median; NR, not reported; R, range; SD, standard deviation; SEM, standard error of

the mean; UC, unable to calculate
Notes:

a represents median (min — max)

b The Lam 2018 publication reports n=7 for mesenteric ischemia®*
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STEPS 004 PSP Joly Lam Martin Pevny Puello Schoeler Tamara Ukleja
2020 2018 2021 2019 2020 2018 2020 2018
TED  Placebo TED  Placebo TED TED TED TED TED  TED TED TED
0.05mg/ (N=43)  0.05mg/ (N=16) 0.05mg 0.05mg 0.05mg 0.05mg 0.05mg 0.05mg/ 0.05mg/ 0.05mg/k
kg/day kg/day /kg/day /kg/day /kg/day /kg/day /kg/day kg/day  kg/day  g/day
(N=43) (N=35) Bl (=59 (N=18) (N=31) (N=27) (N=18) (N=14) (N=4)  (N=6)

¢ The company reports n=0 for vascular disease in Table 15 of the CS. Table 1 in the Ukleja 2018 publication reports n=3 for vascular disease

d The company reports n=0 for volvulus in Table 15 of the CS. Table 2 of the Lam 2018 publication reports n=1 for volvulus*

e The company reports n=0 for volvulus in Table 15 of the CS. Table 2 of the Schoeler 2018 publication reports n=1 for small intestine volvulus3¢
f The ERG were unable to verify the company’s reporting of the percentage of people with radiation enteritis in Table 15 of the CS

g Unable to calculate the percentage as the number of patients with stoma was not reported

+n=34 as baseline PS data were not provided for one patient

Source: STEPS primary publication; STEPS CSR; STEPS-2 primary publication; STEPS-2 CSR; 004 primary publication; 004 CSR; _real-world

study publications? 2% 23, 26, 34-44
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3.2.2 Primary and secondary efficacy endpoints
The outcomes presented in the CS match those specified in the NICE final scope: reduction
in parenteral support requirements, overall survival, adverse effects of treatment, health-

related quality of life, and impact on carers.

Reduction in parenteral support

The company presents a naive comparison of responder rates in 004 and STEPS in Table 14
of the CS, and this is reproduced by the ERG as Table 8. In STEPS, teduglutide patients had
significantly greater reduction in PS volume at eight weeks, and were more likely to achieve
at least one day off PS per week after 24 weeks of treatment weeks compared with the
placebo patients (53.8% vs 23.1%, p=0.005). Data for STEPS-2 and STEPS-3 are provided in
section B.2.6.2.1, and B.2.6.2.2 respectively, and in Appendix L of the CS. The data for
STEPS-2 and STEPS-3 support sustained reductions in days per week of PS and PS volume

with longer-term treatment.

N 1 ong-term data are

presented in Appendix L, Figure 13. By week 52, results from the open label extension study
005 demonstrated that 68% of teduglutide patients achieved >1 day off PS by week 52.
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Table 8 Naive comparison of responder rates in 004 and STEPS
STEPS 004
% of patients who Teduglutide 0.05 63% (n=27/43) | 46% (n=16/35)
achieved a >20% mg/kg/day

reduction in PS volume at
week 20 sustained to week
24 (primary endpoint in
STEPS)

% PS volume reduction at | Teduglutide 0.05 - -

week 24 (from baseline) mg/kg/day

Placebo - -

Abbreviations: PS, parenteral support

Source: STEPS primary publication;” STEPS CSR;* 004 primary publication;?> 004 CSR*

Placebo 30% (n=13/43) | 6% (n=1/16)

The company state that the results from STEPS and 004 are limited by the conservative PS
weaning algorithms, especially in 004, compared with more liberal clinical practice. The

company also states that the high placebo response seen in STEPS is an artefact of the PS

weaning algorithm |

_.45 The company presents the rationale for this in section B.2.6.1.4 of the
CS. The ERG’s clinical expert notes the company’s position but also suggests that the trial
participants might show increased adherence to other aspects of their day-to-day management
due to their active participation in a clinical trial (e.g., hypertonic solutions). If this were the
case, the placebo response could be due to participants experiencing reduced fluid losses and
improved hydration, rather than improved bowel absorption. Moreover, after reviewing the
published data from the STEPS trial it appears that urine output in the placebo group may
have raised as a consequence of increased oral intake, although the ERG notes the trial
authors’ argument that this could be due to daily fluctuation in urine volume.” However, the
ERG accepts that in the teduglutide group the increase in urine output, which occurred

without a raise in oral intake, was a result of the increased absorption effect of the drug.

The company presents a comparison of the PS reduction data from STEPS and STEPS-2 with
the real-world studies and the Australian PSP in section B.2.6.4 and the ERG presents a
summary of the data in Table 9 below. The ERG notes that the definition of patients

achieving a clinical response in this comparison (>20% reduction in PS volume from
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baseline) differs from that used in STEPS (>20% reduction at week 20 maintained to week
24), although the ERG believes that this is unlikely to have any impact on the study results.
Greater responses were shown in the real-world studies for the percentage of patients

achieving a clinical response over time and gaining independence from PS compared with
STEPS/STEPS-2. In the PSP study, following ]

Table 9 Percentage of patients achieving clinical response, >1 day off PS, and
gaining independence from PS in the real-world studies, Australian PSP, and

STEPS/STEPS-2 TED-TED cohort

Timepoint Real- PSP STEPS/STEPS-2
world
studies
Clinical response Month 6 69% (27/39)
>20% reduction in PS ['NMonth 12 55% to 92% (33/36)
volume 100%
>1 day off PS Month 6 53.8% (21/39)
Month 12 52.8% (19/36)
PS independence Month 6 0% (0/39)
100% reduction in PS | Month 12 17% to 6% (2/36)
volume 40%
Abbreviations: PS, parenteral support;
Notes: Month 6 data for the STEPS programme taken from the TED arm of the
STEPS study, month 12 data are taken from the TED-TED cohort of STEPS-2
Source: STEPS primary publication;” STEPS CSR;*® STEPS-2 primary
publication;?* STEPS-2 CSR;* Revestive atHOME PSP reduction report
;2°real-world study publications?*37 41-44

PS reduction data for the studies conducted in children are provided in section B.2.6.5.
Results are supportive of the effect of teduglutide seen in the adult studies. Comparable
numbers of adult and child teduglutide patients achieved a >20% PS volume reduction at
week 24 in C14 and STEPS (69% for both), and 12% of children receiving teduglutide
achieved PS independence by week 24 in C14, while none of the teduglutide adult patients
had achieved independence at this timepoint. In the real-world study, 87% (13/15) of patients
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achieved a >20% reduction, and 44% (n=7/16) gained PS independence at 24 weeks. In C13,

Overall survival

The company state that the 42-month follow-up time period provided by STEPS is
insufficient to evaluate life time survival or allow any consideration of a potential treatment
effect on mortality. Instead, the company reports an estimation of survival using pseudo
individual patient data in section B.3.3.4. The ERG agrees that the company’s argument is

reasonable. Overall survival will be discussed further in Chapter 4.

Three deaths were reported in the STEPS2 teduglutide group, one of which was treatment
related (a case of metastatic adenocarcinoma which may have been secondary to Hodgkin’s
lymphoma treated with chemotherapy and radiotherapy). One death occurred in the screening
period of 004, but no deaths occurred in the active phase of the trial. The company reports
that one patient died in the pooled data from C13, SHP633-303, C14, and SHP633-304
(Table 21 of the CS); however, the SHP633-304 CSR (page 99) reports two deaths: one 16-
year old patient and one 1-year old patient. Both deaths were considered unrelated to

treatment.

3.2.4 Health-related quality of life

No statistically significant differences were observed for any of the quality of life measures
used in 004 (SF-36, EQ-5D, and IBDQ) and STEPS (SBS-QoL). The company do not make
any specific comment on the quality of life results of 004, other than noting that no disease-
specific quality of life measures were available at the time the trial was conducted, and that
the small number of patients and heterogeneity in symptoms make quality of life in SBS
difficult to measure. The company focuses discussion on the SBS-QoL, noting that, while the
tool was developed to measure quality of life in SBS patients, the tool was not designed to
measure quality of life driven by PS. The company also argue that, in addition to the issue of
heterogeneity, randomisation in STEPS was not intended to balance the 17 SBS-QoL items
between treatment groups, which may have resulted in baseline imbalances in quality of life,
that STEPS was not powered to detect statistically significant changes in the SBS-QoL score,

and that the tool may not be sensitive enough to detect differences between the two treatment

arms. The company further argues that | NN
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I it

recognising the company’s argument, the ERG’s clinical expert notes that increasing days of
PS could improve quality of life in some patients if this leads to better hydration, and

nutritional and calorie intake.

3.2.5 Adverse reactions

The company presents pooled safety data in adults from STEPS, STEPS-2, 004 and 005, and
pooled safety data in children from C13 and C14 in section B.2.10, and in Tables 20 and 21
of the CS. The ERG agrees that pooling of the safety data from these trials is appropriate for
patients treated with teduglutide.

In adults, the most reported adverse events were gastrointestinal stoma complication,
abdominal pain, upper respiratory tract infection, and nausea. Numerically, more teduglutide
patients experienced adverse events leading to treatment discontinuation compared to placebo
arm patients in the STEPS/004 RCTs: 9.2% (=10/109) of participants treated with teduglutide
for up to 24 weeks (77 receiving 0.05 mg/kg/day and 32 receiving 0.10 mg/kg/day) compared
with 6.8% (=4/59) receiving placebo (no statistical testing conducted). In the teduglutide
group of the STEPS/STEPS-2/004/005 studies, 19.7% of participants (n=173, 134 received
0.05 mg/kg/day and 39 received 0.10 mg/kg/day) treated for up to 30 months were reported
to experience adverse events leading to discontinuation. The frequency and severity of
adverse events were broadly similar between the teduglutide and placebo patients. Adverse
events that tended to be reported more frequently in the STEPS/004 teduglutide group versus
the STEPS/004 placebo group were abdominal pain (38.5% versus 27.1%), gastrointestinal
stoma complications (37.8% versus 13.6% in patients with stoma [n=45 and n=22,
respectively]), upper respiratory tract infection (27.5% versus 13.6%) and abdominal
distension (16.5% versus 1.7%). The company states that the observed adverse events were
believed to be mainly related to either the pro-absorptive and intestinotrophic effects of
teduglutide, insufficient PS weaning, or due to the underlying nature of SBS-IF. The ERG
clinical expert agrees that adverse events are mainly related to the effects of treatment or the
underlying health condition. The ERG recognizes that respiratory tract infections are reported
as a very common adverse reaction in the SmPC, and part of the known safety profile of

teduglutide.?® However, the ERG are unclear why the number of patients with reported upper
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respiratory tract infection in the STEPS/004 teduglutide group is so much higher
(approximately double) than the number reported in the STEPS/004 placebo group. As
discussed earlier, three deaths occurred in the adult teduglutide population. One death was
considered treatment related (a case of metastatic adenocarcinoma which may have been
secondary to Hodgkin’s lymphoma treated with chemotherapy and radiotherapy). The other
two deaths were related to lung cancer and catheter-related sepsis with urinary tract infection.
The ERG agrees that the overall frequency and severity of adverse events is broadly similar
between the teduglutide and placebo groups, and in keeping with the safety profile of
teduglutide.

Safety results for the paediatric population are presented in Table 21 of the CS. In children,
77.5% experienced a serious adverse event, 39.3% experienced a treatment-related adverse
event (TRAE), and 3.4% experienced a serious TRAE. The most commonly reported adverse
events were vomiting (51.7%), pyrexia (43.8%), upper respiratory tract infection (41.6%),
cough (33.7%), and device-related (central venous catheter) infection (29.2%). Two patients
(2.2%) discontinued teduglutide treatment, however, the company states that neither event
was considered treatment-related. The most common adverse events considered related to
treatment were vomiting and abdominal pain. Compared with the adult studies, upper
respiratory adverse events, pyrexia, vomiting, and catheter complications (device breakage,
occlusion, and dislocation) were reported to be more common in the paediatric studies. The
company states that this might be expected in a younger population.*’” As discussed earlier,
the company reports that one patient died in the pooled data from C13, SHP633-303, C14,
and SHP633-304 (Table 21 of the CS); however, the SHP633-304 CSR (page 99) reports two
deaths: one 16-year old patient and one 1-year old patient. Both deaths were considered
unrelated to treatment. The ERG agrees that the safety profile is similar to that observed in

the adult population

3.2.6 Subgroup analyses

No subgroup analyses were specified in the NICE final scope. The company did not present
any subgroup analysis data in the CS but state that post-hoc analysis of STEPS found that
higher baseline PS volumes was a predictor of improved response to teduglutide.*® A second
post-hoc analysis including the two extension studies indicated that patients with lower

baseline PS needs were more likely to wean off PS, although the company state that a pooled
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analysis of data from STEPS, STEPS-2, STEPS-3, 004 and 005 found no predictive

characteristics for PS weaning.!!3!

3.2.7 Meta-analyses
The company presents details of their meta-analyses in section B.2.8. The company

erformed two meta-analyses to formally compare the pooled estimates derived from

o

observational real-world studies to the estimates obtained from the teduglutide arm of
STEPS/STEPS-2 trials and the Australian PSP data. There is no direct comparison of
teduglutide versus placebo as the real-world studies are non-interventional studies without a

comparator arm.

The ERG notes that while the pooled estimates from real-world data do suggest that a higher
proportion of patients receiving teduglutide gain independence from PS than in
STEPS/STEP-2, it is worth noting that the real-world studies are observational with no
comparator treatment and, therefore, more prone to methodological bias. Any comparison of
effects between observational studies and randomised trials should be interpreted with

caution.
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3.3 Critique of trials identified and included in the indirect comparison and/or multiple
treatment comparison

No indirect or multiple treatment comparisons were performed by the company was as the
only relevant comparator to teduglutide was standard care and the two RCTs considered in

the CS directly compare teduglutide with standard care.

3.4  Critique of the indirect comparison and/or multiple treatment comparison
N/A

3.5  Additional work on clinical effectiveness undertaken by the ERG

No additional work on clinical effectiveness was carried out.

3.6 Conclusions of the clinical effectiveness section

The company presented evidence from the STEPS trial that showed that a significantly higher
proportion of patients on teduglutide achieved the primary endpoint of a clinical response
(defined as >20% reduction in parenteral support volume at week 20, maintained to week 24)
than patients on placebo and also that a significantly higher proportion of patients on
teduglutide reported achieving at least one day off PS per week that those in the placebo arm.
The company argue that the placebo response rate was unrealistically high and could be
explained by reliance of the weaning algorithm on urine output with a relative increase in oral
fluid intake in the placebo arm not accompanied by a commensurate increase in urine
volume. The ERG notes that this a plausible argument and that the changes in PS intake in

clinical practice does not rely on urine output alone.

The company also presented evidence from pooled estimates of ‘real-world’ studies showing
higher estimates for response to teduglutide than in the STEPS trial. However, this was only
the case for the outcome of 100% reduction in PS volume at 12 months and the effects
compared did not include a comparator group. The ERG notes that formal comparison of
effects from observational studies with those from randomised trials could be liable to the
biases inherent in observational studies and, therefore, results should be interpreted with

caution.

While the ERG agrees that there is evidence from the STEPS and 004 trials that teduglutide

has superior efficacy than placebo, the weaning algorithms used in the trials is restrictive and
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may not reflect usual clinical practice. However, since the algorithms were applied to both
arms of the trials, the internal validity of the results could be considered robust, but the

absolute effects may not be externally valid.
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4 COST EFFECTIVENESS

4.1  ERG comment on company’s review of cost-effectiveness evidence

The company conducted two literature searches in 2021 to update those conducted in the
previous NICE submission in late 2016. Given that the company has included the results of
the previous SLR, the time limit consists of publications from 2005 to May 2021. The search
objectives were to capture economic evaluations relating to teduglutide and/or parenteral
nutrition and HCRU studies in patients with SBS-IF type III. The literature searches did not
contain any age-specific search terms, therefore results included both the paediatric and adult
SBS-IF type III population. Relevant publications were sourced through searches in Embase,
MEDLINE, the Centre for Reviews and Dissemination (CRD), National Health Service
Economic Evaluation Database (NHS EED), the CRD Health Technology Assessment
Database (HTAD), and Econlit. Further searches of relevant conference abstracts were also

conducted where those published before 2019 were excluded.

The updated literature search identified 28 additional publications, two of which were
economic evaluations (added to the three previously identified to give 5 in total). The
company did not identify any studies where the population and costs used in the economic
models were in line with the NICE reference case. Therefore, a de novo economic model was
developed for this submission. Full information of the company’s search strategy can be
found in appendix G of the company submission, and a brief description can be found on

page 89 of the main company submission, document B.

The ERG is satisfied that the updated SLRs conducted in 2021 are appropriate for the
objectives the company sought to address. The search strategies and eligibility criteria are
comprehensive, and an appropriate selection of databases was included. The company chose
to extend the previous SLR conducted in 2016 rather than overwrite previous work. The
previous SLR was criticised by the ERG for methodological reasons related to the MeSH and
EMTREE terms for Embase and MEDLINE. The cost-effectiveness studies identified in the
SLR are broadly similar to the methodology undertaken by the company. Of the 5 studies
identified, 3 utilised a similar Markov model structure. These models are relevant to this
submission; however, each are from an alternate payer perspective. Of the remaining studies
identified, these did not report differences in quality of life or support the granularity

required for modelling the benefit of a reduction in days of PS per week. Therefore, the ERG
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agrees that these cost-effectiveness studies are not appropriate for assessing the cost-

effectiveness of teduglutide in this submission.

4.2

4.2.1 NICE reference case checklist

Table 10

NICE reference case checklist

Summary and critique of the company’s submitted economic evaluation by the ERG

Element of health
technology assessment

Reference case

ERG comment on company’s
submission

Perspective on outcomes

All direct health effects, whether
for patients or, when relevant,

Aligns with the NICE reference
case. However, the ERG questions

carers the strengths of evidence for a
direct health effect on carers of a
reduction in a patient’s PS days
(Section 4.2.7).
Perspective on costs NHS and PSS Aligns with the NICE reference

case.

Type of economic
evaluation

Cost—utility analysis with fully
incremental analysis

Aligns with the NICE reference
case.

Time horizon

Long enough to reflect all
important differences in costs or
outcomes between the technologies
being compared

Aligns with the NICE reference
case.

Synthesis of evidence on

Based on systematic review

Aligns with the NICE reference

preferred measure of health-related
quality of life in adults.

health effects case.
Measuring and valuing Health effects should be expressed | The analysis utilises a vignette
health effects in QALYs. The EQ-5D is the study for health state utilities. This

is not aligned with the reference
case as the measure is not validated
or standardised. The company has
provided some evidence to show
that the EQ-5D and the SBS-QoL,
captured in STEPS, mapped to
health state utilities lack face
validity or responsiveness in this
patient population.

Carer utilities were obtained from
two sources. One source measured
utilities using the EQ-5D-5L
instrument which was mapped
EQ-5D-3L values.*®*. The other
source used direct elicitation from
a Delphi panel of 9 clinical experts.
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Source of data for
measurement of health-
related quality of life

Reported directly by patients
and/or carers

The vignette study used for the
company base case sourced utility
values from 100 members of the
general population. However, SBS-
IF patients were interviewed in the
development of the health state
vignettes.*® Carer utilities are
sourced from a study of 47 UK
caregivers of SBS-IF patients* and
a Delphi panel of 9 clinical experts.

Source of preference
data for valuation of
changes in health-related
quality of life

Representative sample of the UK
population

The participants of the vignette
study included proportionally more
females (67% versus 50.1%), and
were younger (median age: 32
versus 40) and educated to a higher
level (any higher education 65%
versus 27%) compared to the
general population.®

Equity considerations

An additional QALY has the same
weight regardless of the other
characteristics of the individuals
receiving the health benefit

Aligns with the NICE reference
case.

Evidence on resource use

Costs should relate to NHS and

Aligns with the NICE reference

and health effects (currently 3.5%)

and costs PSS resources and should be case. However, further information
valued using the prices relevant to | should be provided regarding the
the NHS and PSS Takeda home service to provide
reassurance that no further
monitoring burden would fall on
the NHS or PSS upon a positive
recommendation of teduglutide.
Discounting The same annual rate for both costs | Aligns with the NICE reference

casc.

PSS, personal social services; QALYs, quality-adjusted life years; EQ-5D, standardised instrument
for use as a measure of health outcome.

4.2.2

Model structure

The company developed a Markov model consisting of 9 health states reflecting the number

of days per week of PS (PS0-7) and death. This model structure was chosen to capture what

the company argue to be most relevant outcome associated with teduglutide treatment, a

reduction in the number of days per week PS is required. The distribution of the health states

at the beginning of the model is equal between arms and is determined by the baseline days

of PS required by patients enrolled in the studies informing the model efficacy inputs: STEPS

and the Australian PSP. The company base case assumes that the PS needs of patients
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receiving standard of care would not change over time since there is no ““...biological reason
why patients who are stable on PS should experience a change in their PS needs” (Company

submission, section B.3.3.1).

Transition matrices of 28-day transition probabilities, used to inform patient movements
between PS health states, are applied to the teduglutide treatment arm only. These are
calculated using STEPS and PSP data over a series of six-month intervals (0-6, 6-12, 12-18,
18-24 and 24-30). It is assumed that whilst on teduglutide treatment, patients can either
reduce their PS requirement by a maximum of 1 day per 28-day cycle, or remain stable. No
further transitions between PS states are assumed to occur after cycle 30 unless a patient
discontinues treatment, in which case they are assumed to revert immediately to their baseline

requirement.

Treatment discontinuation is modelled using a parametric survival curve fitted to observed
time on treatment data from STEPS, STEPS-2 and the PSP. Furthermore, based on
information from the SmPC, clinical advisory board and a British Intestinal Failure Alliance
(BIFA) position statement, a stopping rule is applied for patients who do not achieve a
reduction in PS of at least 1 day per week compared to baseline at 12-months.?% 3132
Adjustment for treatment discontinuation in the teduglutide arm is modelled using off-
treatment health states (PS0-7 days), with those who discontinue reverting to (or remaining
at) the number of PS days required at baseline for the duration of the model time horizon.

Further discussion of the treatment discontinuation approach is provided in section 4.2.6

below.

PS treatment is associated with an increased risk of intestinal failure associated liver disease
(IFALD) and chronic kidney disease (CKD). Therefore, expected cumulative proportions
with these long-term complications are modelled by four categories of PS requirement; none
(PS0), low (PS1-3 days), medium (PS4-5 days) and high (PS6-7 days). Costs and utility
decrements are applied in each model cycle to the calculated proportion experiencing these
complications based on the cohort distribution across the PS health states. No additional
mortality risk is applied to these patients over the disease specific mortality in the company

base case.
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All patients are at equal risk of death regardless of health state. The company base case
utilises parametric extrapolations of KM curves from studies of SBS-IF to inform the

proportion of patients who transition to the death state in each cycle. Further discussion
regarding transition matrices, overall survival and treatment discontinuation is found in

section 4.2.6.

Overall, the ERG is satisfied with the companies chosen model structure. The assumption
that patients can only improve or remain stable may be a simplifying assumption from a
clinical standpoint, but the ERG finds the model structure agreeable due to the complexities

of modelling such a heterogenous disease.

There is some confusion in the model and company submission between what is defined as a
cycle and a month. For example, some transition matrices are described to apply for 6
months in the company submission but are applied for 6 28-day cycles in the model.
Similarly, adverse event rates which are described as rates per month in the CS are applied
per 28-day cycle in the model. It is unclear whether this is a typo in the submission or an
error in the coding of the model. However, the ERG believes that any slight inconsistency
between the model cycle length and the time period over which transition probabilities and
adverse event rates are calculated is unlikely to have a material impact on the ICER.

One further structural limitation relates to the fact that the long-term complications of
IFALD and CKD are not explicitly accounted for in the Markov states of the model. As a
result, the model cannot accurately account for an increased risk of mortality in patients that
develop these complications, potentially leading to bias in the estimated proportion of the

surviving cohort affected by them.

4.2.3 Population

The population considered in the company submission is in line with teduglutide’s marketing
authorisation, SBS-IF patients aged 1 year and above who are stable following a period of
intestinal adaption after surgery. The company presents its results in two populations,
paediatric (aged 1-17 years) and adult (=18 years). The decision to conduct the analysis
separately for these populations is due to the differing aetiology of the disease and pathology

between the patient groups. Table 11 details the key input differences and similarities
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between the company base case for each population considered with the company rationale

for each input.

Table 11 Summary of key model input differences and similarities between the
paediatric and adult base cases
Paediatric Adult
Starting age | 6 years. Average age of the C14 trial 50 years. Average age
population. of the STEPS trial
population.
Time horizon | 94 years 50 years

Survival Parametric survival curves fitted to 5- Parametric survival
year pooled survival data of children who | curves fitted to
are candidates and non-candidates for Canadian HPN registry
intestinal transplant. Sourced from data sourced from
European HPN centres between 2004 and | Salazar 2021.%
2008 sourced from Pironi 2011.
Hospital Paediatric HRG codes for Adult HRG codes for
costs for gastroenterology specialist visits and gastroenterology

visits and line

critical care

specialist visits and

sepsis critical care

Effectiveness | STEPS, STEPS-2 and PSP data. It is assumed that the effectiveness

of teduglutide | of teduglutide is the same in children as adults. The company

treatment presents evidence that suggests teduglutide may offer greater
reductions in PS for children however, given a limited evidence
base, adult data has been used.

Rate of PS- Same rates of complications in children as in adults. The company

related presents limited evidence that catheter related infections and liver

complications | disease are less common in children.

Dosage of All patients are modelled to receive the larger Smg vial of

teduglutide teduglutide. Given that those who weigh less than 20kg can receive

the 1.25mg vial, the paediatric base case overestimates treatment

costs.
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The baseline number of days of PS and percentage female were sourced from STEPS (TED-
TED) and the PSP. The company made a comparison with the distribution of patient days of

PS in a UK database study (Table 12). | ENESNE

Table 12 Baseline days of PS used in the paediatric and adult base case compared

with UK SBS-IF population (adapted from table 21 Appendix L of

company submission)>*

Days of PS per week | STEPS(TED-TED) & | UK database study

0 (independent)
1

N N | B W

EENEEENE-
=)

JEgEEEEE

The ERG clinical expert advises that patients are considered severe if the remnant bowel
length is less than one metre. The mean remnant bowel length of all patients in the STEPS
and PSP is less than one metre. The ERG clinical expert agrees that the population analysed
for the economic model is generalisable to the UK context as is it those SBS-IF patients who

are most severe that would receive long-term home parenteral nutrition.

The ERG agrees that the paediatric and adult populations should ideally be considered
separately. However, given the limited differences between the adult and paediatric models,
this critique focusses primarily on the adult model. The paediatric model may be considered
less well informed due to data limitations.

4.2.4 Interventions and comparators
Teduglutide is licensed in patients one year and above with SBS-IF who are stable following
a period of intestinal adaption.?’ Teduglutide is intended to be given alongside the standard of

care with the intention of increasing the absorptive capacity of the intestine. The standard of
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care for SBS-IF patients is a combination of PS, antimotility and antisecretory agents, fluid

restriction and dietary optimisation in order to manage a patient’s symptoms.

Teduglutide is administered by subcutaneous injection of 0.05mg/kg once daily at alternating
sites between the four quadrants of the abdomen. Two vial sizes are available, where a Smg
vial is appropriate for patients who weigh 20-100kg and 1.25mg for patients who weigh less
than 20kg. Treatment should be initiated under the supervision of a medical professional. The
company state a company-sponsored homecare service would be provided should teduglutide

be approved.

The comparator for teduglutide is the clinical management of symptoms, without which a
patient would die of dehydration or malnutrition. The treatment consists of factors which
provide patients with sufficient nutrients and fluids (PS), reduce gastric acid secretion (e.g.
H2 receptor antagonists, proton pump inhibitors) and relieve symptoms of motility, diarrhoea
(e.g. loperamide, diphenoxylate) and bacterial overgrowth (e.g. antibiotics, probiotics). The
standard of care is an appropriate comparator to teduglutide as there are no other treatments

available to SBS-IF patients with the intention of reducing the dependency on PS.

The ERG is satisfied that the intervention and comparator are in line with the marketing
authorisation and standard practice for SBS-IF in the UK NHS.

4.2.5 Perspective, time horizon and discounting

The submission conducts the analysis from the NHS perspective. The costs of treatment are
based upon costs to the health service. These include treatment acquisition costs, PS-related
costs and adverse event costs. The paediatric and adult base cases are very similar in terms of
health service inputs; however, the company has utilised paediatric specific HRG unit costs

where appropriate.

Health effects are measured for health states as a composite of the utility decrement for the
patient and carer which increase as the patient’s PS need increases. The health effects
associated with adverse events and complications are also included. This perspective is in line

with the NICE reference case.
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The economic model adopts a lifetime time horizon of 94 years for paediatric patients and 50
years for adult patients based on the baseline ages of 6 and 50 in the C14 and STEPS trials
respectively. At the end of the modelled time horizon, 1% of patients remain alive in all

populations.

Costs and health effects are discounted at 3.5% per annum which is in line with the NICE
reference case. The company has also provided a scenario where a discount rate of 1.5% is

applied to both costs and QALYs.

The ERG is satisfied that the submission aligns with the NICE reference case in terms of the

perspective, time horizon and discounting.

4.2.6 Treatment effectiveness and extrapolation

Estimation of transition probabilities

As indicated in 4.2.2 above, the model is structured around the number of PS days required
by patients per week. Thus, the key efficacy inputs in the model are matrices of 4-weekly
transition probabilities that govern the flow of the cohort through the model’s PS requirement
states. Since the label for teduglutide is for patients who are stable on PS following a period
of intestinal adaptation, the company maintain the baseline PS requirement of standard care
patients over their lifetime. As discussed in Chapter 3.2.2 (above), they argue that there is no
biological reason why the PS requirements of such patients should change over time, and that
the PS reductions observed in the placebo arm of the STEPS trial are an artefact of the
weaning algorithm used; i.e. reflect inappropriate reductions that lead to risks of dehydration

and weight loss (see CS, document B, section B.3.3.1).

Conversely, the company argue that reductions in PS support observed for patients in the
teduglutide arm of STEPS are likely to underestimate the reductions that can be expected
when teduglutide is used in a real-world setting. They justify this based on the reductions in
PS days that have been observed in several real-world observational cohort studies and in the
company’s patient support programme (PSP) in Australia, where weaning algorithms are not
applied. Therefore, the company estimated transition probabilities for teduglutide using
pooled individual patient data from STEPS, STEPS-2 (using data from those who received
teduglutide in STEPS and continued to receive to teduglutide in STEPS-2 (TED-TED
cohort)) and the Australian PSP. The STEPS trial provides data out to 24 weeks and STEPS 2
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provides data from 24 weeks to 30 months. The company note that the PSP data was only

used to inform transition probabilities out to 12 months because ||| GG
_. Between 12 and 30 months, data from STEPS2 alone

are used to inform transition probabilities. The company reject the use of data from the 004
trial and its extension (005) on grounds that it had a stricter and even less generalisable

weaning algorithm than STEPS.

For the paediatric model, rather than relying on the small amount of data available from the
trials in children (C13 and C14), the company use the transition probabilities derived for the
adult population. They justify this on grounds it is likely to be conservative, as a naive
comparison of C14 and STEPS suggests a greater proportion of children are able achieve

complete independence from PS (see Table 19 of the CS, document B).

The 4-week (28 day) transition probabilities were estimated separately for a series of 6-month
intervals (0-6, 6-12, 12-18, 18-24, and 24-30 months), under the constraint that patients could
either remain stable or reduce their PS requirement by a maximum of one day in any 4 week
cycle. Beyond 30 months, the last health state is carried forward unless discontinuation
occurs (see below), in which case patients are assumed to immediately revert back to their
baseline PS requirement. These assumptions may be considered conservative because data
for a small number of patients recruited to STEPS3 indicate that some teduglutide treated
patients may continue to achieve further reductions in PS days after 30 months, and the time
it takes patients to return to their baseline PS requirement following discontinuation is
uncertain. The transitions probabilities were fitted using the Optim package in R, to
minimise “the sum of the squared difference between the predicted outcome vector
(proportion of patients in each health state after applying the transition matrix) and the
observed outcome vector (proportion of patients across each health state actually observed)”
(CS, document B, section B.3.3.2). The company note that the transitions are only applied to
those remaining on teduglutide treatment in the model, and therefore the initial patient vector
for each 6-month interval reflects the number of patients in each health state still on treatment
at that timepoint. It is not clear to the ERG if patients meeting the 12 month stopping rule
criteria have been removed from the calculation of transition probabilities beyond 12 months
to align with the modelling assumptions. However, there appears to be only one less patient
used to inform the transition probabilities from 12 months (-) than the total number
recruited to the TED-TED cohort of STEPS-2 (Il - suggesting this may not be the case.
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ERG commentary

In general, the ERG agrees with the company’s selection of data sources to inform transition
probabilities in the economic model. Based on the ERGs clinical expert advice, it appears
justified not to include data from 004 as it will be less generalisable than STEPs, and it
appears reasonable to expect greater reductions in PS days in routine practice compared to
STEPS due to the absence of strict weaning algorithms. The inclusion of PSP IPD appears
justified given the comparability of outcomes in this cohort compared to those observed in the
other real-world observational studies reviewed by the company (see section B.2.8 of the CS,
document B). With respect to the paediatric model, the ERG agrees that the percentage of
children achieving complete independence by 6 months was higher in the paediatric trial
(C14) than in STEPS, suggesting a greater potential for children to benefit. However, C14
had no strict weaning algorithm, and comparison with the PSP data (also no weaning
algorithm) shows a lower proportion achieving complete independence by 6 months (12%
versus 44%) (see Table 19 of the CS). Therefore, some uncertainty remains regarding the
claim that children may benefit more from treatment. That said, the comparisons are based
on small numbers, and in another real-world study in children, 69% (11 of 16) were reported
to have achieved independence by 12 months.?* Given the limited data available in children,
it appears reasonable to utilise the adult transition probabilities in the paediatric model
Whether this is conservative or not remains to be proven.

Regarding the decision to include data from the PSP in the calculation of transition
probabilities for teduglutide, the ERG accepts the company’s reasoning. The ERGs clinical
expert agreed that it is plausible to expect greater reductions in PS days outside the trial
setting in the absence of weaning algorithms. However, there is some remaining concern that
there is no control group for the PSP patients. Therefore, we have to accept that the PSP
patients are comparable to those recruited to STEPS and that none of the patients in the PSP
would otherwise have reduced their PS requirement without teduglutide treatment. The
company show that the PSP patients are generally comparable on a range of observed
baseline characteristics to those recruited to the teduglutide arm of STEPS. They also
provided further reassurance in response to the clarification letter that patients in STEPS
and the PSP are comparable (question A9) and unlikely to be undergoing any ongoing

adaptation that could explain reductions in PS requirements (A8).
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There is still some uncertainty regarding the company’s explanation for the reduction in PS
observed in the placebo arm of STEPSs, but the ERG agrees that random fluctuations in urine
output in combination with the weaning algorithm offers a plausible explanation.
Alternatively, the ERGs clinical expert advised that some of the reductions in PS in both arms
of STEPS could have been due to improved adherence to other interventions to reduce losses
from the bowel, resulting in increased urine losses and subsequent reductions in PS. Such a
trial effect might imply that it would be appropriate to remove the placebo arm response from
the teduglutide arm response of STEPS, while keeping the SOC arm stable at baseline. The
company noted, however, in their response to the clarification letter, that standard of care
(which includes use of concomitant medications) was optimised prior to entry into steps, and
therefore they believe it is implausible that this impacted PS reductions during the trial (see
company response to the clarification letter, questions A5 and A6). The company also note
in their submission, and in response to the clarification letter (B4), that such a trial effect
would result in smaller reductions in PS in the teduglutide arm that are more inconsistent
with the larger reductions observed for teduglutide in the real-world evidence identified.
Therefore, the ERG accept that the company’s approach offers a reasonable base case.
However, given the observed reduction in PS in the placebo arm of STEPS, and the lack of
control group in the real-world PSP data, we cannot be certain that patients treated with
teduglutide, in STEPS or the PSP programme, would not otherwise have experienced any
reduction in PS requirement over time, e.g. due to improved management or some ongoing
adaptation. Therefore, the ERG requested a scenario that included health state transitions for

SoC as observed in the placebo arm of STEPS.

The ERG has some further minor concerns regarding assumptions in the calculation of
transition probabilities.

e The decision to include data from the PSP only to 12 months did not appear well
justified in the original submission, and the ERG sought clarity on this in the
clarification letter to the company. The company clarified that based on the method of
carrying forward the last observed PS state, the censoring of follow-up in the PSP
beyond 12 months would have inappropriately diluted the observed treatment effect
observed in STEPS-2 where patients were systematically followed-up to 30 months.
The ERG understands the logic of this but has some remaining uncertainty as to why
the number remaining in follow-up at the start of each 6-month interval could not be
retained, and censored patients dropped for the purpose of calculating transitions
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probabilities. However, the company did provide scenarios that used the PSP data
beyond 12 months, and it wasn’t until the last state of censored patients was carried
through to 30 months that it had a significant upward impact on the ICER. The ERG
agrees that this is likely to bias against teduglutide and accepts the company’s
approach.

e [t was not clear if the calculation of the transition matrices beyond 12 months
accounted for the stopping rule applied in the model. The ERG suspects not, but the
direction of any associated bias is unclear. Further clarity on this would be
beneficial.

e Whilst the company provided some internal validation of their model output in terms
of the percentage of the cohort achieving PS independence in their submission, they
did not provide a full comparison with observed state occupancy. This was requested
at the clarification stage, and the company provided this in the response (see
Clarification letter, Question B5). For comparability, this required the same
assumptions about reverting back to baseline PS requirements for patients stopping
treatment in the observed data and carrying forward the last observed state for those
with short follow-up in the PSP. The model appears to align reasonably well with the

observed data, with no obvious bias.

Time on treatment
A combination of observed treatment discontinuation from the STEPS trial and the PSP and a
proposed treatment stopping rule were applied in the company model to reflect expected

usage of teduglutide in clinical practice.

Standard parametric survival curves were fitted to the time on treatment data from STEPS,
STEPS-2 and the PSP combined (see Figure 22 and Figure 23 of the CS, document b). The
company selected the Weibull curve based on it having the best statistical fit, good visual fit,
and offering a plausible extrapolation (hazard of discontinuation reducing with longer time on
treatment). The log-normal and log-logistic were tested in scenario analysis as the next best
fitting curves, with these both tracking above the preferred Weibull extrapolation (See Figure
23 of the CS).
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In addition to the time on treatment curves, the company implemented a stopping rule in the
model, noting the fact that some patients in the clinical trials remained on treatment for many
months despite receiving no benefit. They argue that this is an artefact of the trial
environment and would not be expected in clinical practice. The SmPC suggests that the
treatment effect should be assessed at 6 and 12 months, and ““if no overall improvement is
achieved after 12 months, the need for continued treatment should be reconsidered”. To align
with this and advice from clinical experts at an advisory board meeting, the company applied
a treatment stopping rule to anyone who has not achieved a reduction of at least one day of
PS support per week at 12 months. The company implement this by determining the
proportion of patients who experienced no reduction in PS days per week, relative to the
observed number of patients remaining on treatment in each health state at this timepoint (see
Table 25 of the CS). They move these proportions to the corresponding off-treatment PS

health states, where there is no further probability of PS requirements changing.

The ERG accepts the logic for applying a stopping rule to teduglutide treatment. However,
there is some uncertainty regarding wider clinical support for the specific criteria applied.
For example, the company’s criteria is not entirely consistent with the British Intestinal
Failure Alliance (BIFA) 2018 position statement on the use of peptide growth factors for
adult patients with intestinal failure, which states that the aim of treatment is: ““a) To have a
reduction in stomal output of more than 1.5 L/24 hrs; b) To stop or achieve more than 2 night
off/week of parenteral support; c) To have an improved quality of life (QOL).” The position
statement further notes that treatment should be stopped ““if the treatment goals of reducing

PS are not achieved after 24 weeks””. 3

For those modelled to discontinue treatment based to the chosen extrapolation of time on
treatment, the company determine the proportional distribution of PS health states from
which observed discontinuations occurred, and the baseline PS health state distribution of
these patients. These distributions are calculated separately before and after 12 months when
the stopping rule is implemented (see Tables 26 and 27 of the CS). After 12 months, the
company note that the proportional distributions are calculated using data only for those
patients who discontinued after 12 months who would not have stopped treatment based on
the treatment stopping rule (-). It is not clear if this number is different to the total number

of discontinuations occurring after 12 months in the observed data. However, inspection of
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the Kaplan-Meier curve suggests there may only have been _

in total.

With respect to the discontinuation curves, the ERG acknowledges the company’s base case
curve selection, but note that the log-normal and log-logistic curves may also provide
plausible extrapolations since it is only the responders who are assumed to remain on

treatment beyond 12 months.

With the stopping rule and time on treatment curves combined, there could be potential to
overestimate discontinuation probabilities after 12 months if some of the discontinuation
events in the KM curve occurred in patients captured by the 12 month stopping rule.
However, the company’s explanation and presented data suggests that all the discontinuation
events occurring after 12 months in the KM curve may have been in patients that had
achieved a reduction in PS days at 12 months. This suggests that the discontinuation
probabilities among those remaining on treatment beyond 12 months in the model (i.e. in
those who achieved a reduction in PS days at 12 months) may in fact be underestimated -
because patients who would be captured in the stopping rule may still be counted in the
number at risk beyond 12 months in the KM curve. Nevertheless, the number of
discontinuation events occurring beyond 12 months remains very low (i) for informing the
health state discontinuation distributions. The company have therefore included as scenario
to assess the impact assuming no further discontinuation beyond 12 months. An alternative
scenario could have been to assume an equal proportional discontinuation distribution
across the model PS states, but this would then require a further assumption regarding the
appropriate baseline health state distribution of these patients.

Survival

Given a lack of direct evidence for an effect of teduglutide on survival, or robust evidence
examining the relationship between PS requirements and mortality, the company assume
equivalent survival across treatment arms and health states. This appears to have been
backed up by clinical expert opinion, suggesting that mortality rates for people on PS are

more likely to be related to the underlying SBS-IF rather than their PS.

The ERG acknowledges the company’s reasoning for assuming no mortality effects in the

model. However, the assumption does create some anomalies with respect to certain
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complications related to the level of PS requirement; intestinal failure associated liver
disease (IFALD) and chronic kidney disease (CKD). People with higher PS needs in the
model are assumed to be at higher risk of IFALD and CKD, and these complications would
be expected to increase the mortality risk. By assuming no structural link between the
proportions with these complications and mortality, the model potentially ignores a small
survival benefit for teduglutide, but also potentially overestimates ongoing costs associated
with these complications. This criticism depends on whether it is appropriate to include a
causal effect for teduglutide induced PS reductions on these complications in the first place
(discussed further below). It should be further noted that the company provide a scenario
analysis in which an IFALD specific mortality rate is applied to the expected proportion of
patients with this complication. The model does not, however, have the functionality to

reduce the modelled proportion of the cohort with IFALD accordingly.

With respect to the mortality rates applied in the model, the company used published survival
data. For adults, they used data on 218 patients with SBS-IF on PS (from a Canadian PS
registry) who were followed up for up to 15 years (from 2003 to 2018).> The company
digitised the published Kaplan-Meier plots and generated pseudo individual patient data
(IPD) using the algorithm published by Guyot et al (see Figure 24 of the CS, document B).*
They then fitted the standard parametric survival curves to the generated IPD (see Figure 25
of the CS, document B) and selected the log-normal for their base case based on a
combination of statistical fit (AIC and BIC) and consistency with the observed hazard
function in the data reported by Salazar et al, which increased initially but then diminished

over time (see Figure 26 of the CS, document B).*

The ERG identifies several potential limitations of the company’s approach to extrapolating
mortality in adults:

1. The numbers of patients are low, particularly beyond 10 years of follow-up (only 10
remaining at risk at 10 years), making the shape of the longer-term hazard function
highly uncertain.

2. Whilst the length of follow-up is substantial, the data is relatively immature (66%
still alive at 10 years) compared to the life-time horizon of the model, resulting in a
long and uncertain extrapolation period.

3. The company’s selected log-normal curve may lack plausibility for the long-term

extrapolation of all-cause mortality, as it results in the hazard dropping below that of
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age/sex matched general population mortality by year 24 in the model. To overcome
this, the company apply general population mortality from this time point onwards.
This seems uncertain given the complex underlying health conditions of the

population with SBS-IF.

Given the above issues, the ERG believes that extrapolation of survival may be overly
optimistic in the company’s base case. The ERG further notes that there is little to choose
between the curves in terms of the measures of statistical fit. However, on the grounds that
the exponential has lowest AIC and BIC, and that it retains a mortality hazard that is higher
than that of the general population mortality for longer (to 31 years), the ERG suggests this

more conservative extrapolation curve may be appropriate.

For paediatric survival, the company adopt a similar approach, but use published survival
data on 88 children on home parenteral nutrition, followed up for up to 5 years. Again,
pseudo IPD were generated by digitising the published Kaplan-Meier curve, and parametric
survival models were fitted (see Figures 27 and 28 of the CS, document B). Based on
consideration of the AIC and BIC, the company selected the exponential distribution as

offering the best statistical fit.

There is even greater uncertainty associated with the extrapolation of survival in the
paediatric population, owing to the immaturity of the survival data (91% survival at the
maximum 5-year follow-up) relative to the lifetime horizon of the model (up 94 years). Given
the limited survival data on which to base the very long extrapolations, the ERG agrees with
the company’s base case exponential extrapolation, but believes the scenarios with

alternative curves are also relevant for consideration.

Complications

In addition to adverse events which are included in the model (see Adverse events below), the
company have included two serious long-term complications associated with PS that are not
captured in the trial data: IFALD and CKD. Due to apparent lack of data on their incidence
by level of PS requirement, the company conducted a Delphi panel to inform expected

incidence. The exercise involved nine clinical experts.
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It is reported in the company submission that the experts concluded that teduglutide would
reduce the incidence of IFALD by reducing PS requirements, and that they expected its
prevalence to be 0-1% after one year on PS, 0-3% after two years, and 0-3% after 10 years.
However, the Delphi panel report states that these were the agreed prevalence estimates at 2,
6 and 10 years respectively. This is also how the estimates are applied in the company model,
so the ERG assumes that the timepoints reported in the company submission document are
typos. The company describe how they assumed that reduced PS would reduce the incidence
of IFALD, and so they split the cohort into four groups based on number of PS days (no PS,
PS1-3, PS4-5, and PS6-7) and interpolated expected prevalence by group based on the ranges
provided by the experts (Table 13). Incidence (development) probabilities were then
calculated to yield these expected prevalence rates and extrapolated onwards beyond 10

years.

Table 13. IFALD prevalence estimates from Delphi meeting and calculated development rates
per 28 days (Source: Table 30 of the company submission, document B)

No PS PS1-3 PS4-5 PS6-7

Prevalence at 2 year on PS* 0.00% 0.33% 0.67% 1.00%
Prevalence at 6 years on PS* 0.00% 0.67% 1.33% 2.00%
Prevalence at 10 years on PS 0.00% 1.00% 2.00% 3.00%
Development rate years 0-2* 0.000% 0.013% 0.026% 0.039%
Development rate years 2-6* 0.000% 0.006% 0.013% 0.019%
Development rate years 6+* 0.000% 0.006% 0.013% 0.020%
Abbreviations: IFALD, intestinal failure-associated liver disease; PS, parenteral support
Source: Delphi panel report’’

*Time periods corrected by the ERG to align with the Delphi panel report and the model

In the model, the company use the development probabilities to determine the expected

proportion of patients with IFALD in each PS group over time in the model. These

proportions are then taken forward into the model cost and QALY calculations. With respect

to the cost calculations, the company rely on another calculation to estimate the proportion of

time that people with IFALD can expect to spend in different stages of liver disease (liver

disease, extensive fibrosis, and cirrhosis). For this the company use data from a study by

Cavicchi et al on the development of liver disease in a cohort of patients (n=90) receiving

home parenteral nutrition for permanent intestinal failure.’® However, no description is

provided by the company on how these data were used. In the model, it appears that
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incidence rates for liver complications have been taken from Cavicchi et al., and then cycle
specific probabilities of developing extensive fibrosis (conditional on having liver
complications) and cirrhosis (conditional on having extensive fibroisis) have been calculated
by manual calibration to data on their incidence as reported by Cavicchi. However, the

specific calibration targets and approach are not described.

The ERGs clinical expert was generally supportive of applying a relationship between the

level of PS required and the incidence of IFALD in the model, and that teduglutide can be

expected to reduce the incidence of this complication. However, the ERG has several

concerns regarding the company’s approach to modelling IFALD.

1. The proportion of the surviving cohort with IFALD, calculated based on the Delphi

panel derived development probabilities, fails to account for the fact that those with
IFALD are more likely to die compared to those without IFALD. This may lead to
overestimation of the surviving proportion with IFALD over time. Furthermore,

extrapolation of the development rate over time is uncertain.

2. Clinical experts consulted in the Delphi pane! || GGG

-57 While the company have not used this to estimate the overall proportion
with IFALD, they still use it to calculate the expected distribution of patients across
IFALD severity levels. This could introduce bias to the estimated cost of IFALD.

3. Calculation of the proportional distribution of IFALD severity does not account for
mortality or the relationship between increasing severity and increasing risk of
mortality, and so may overestimate the expected time that surviving patients with
IFALD can expect to spend in the more advanced stages that incur higher costs.

4. Patients who reduce their PS days with teduglutide attract a lower proportional
weighting for IFALD, which may infer that IFALD is reversable in some cases (or
only those without IFALD can improve their PS requirements). This could potentially
overestimate the IFALD cost savings associated with reduced PS requirements.
However, this bias is likely to be small as the IFALD proportions are low across the
states in the early stages when patients are reducing their PS requirements under

teduglutide treatment.
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The company apply a similar approach to estimate the expected proportion of the cohort with
stage V CKD by level of PS requirement (no PS, PS1-3, PS4-5, and PS6-7). Again, the
company rely on the Delphi panel meeting to estimate expected prevalence at 1, 2 and 10
years by the PS frequency groupings, and then use these to estimate development

probabilities and build up expected proportions with the CKD over time.

The ERGs clinical expert was also generally supportive of assuming a link between PS
requirement and CKD, but again the ERG notes that issues 1 and 4 identified above in the
calculation of IFALD proportions also applies to the calculation of CKD proportions. The
approach taken may overestimate the proportion of the surviving cohort that have CKD over
time, resulting in overestimation of CKD costs in the model, and failure to capture a small
potential survival benefit associated with its reduced incidence in the teduglutide arm.
Ideally, if IFALD and CKD are to be included in the model, they should be incorporated
using additional health states to reflect the history of these complications and their
associated mortality risk. However, the ERG recognise that this would increase the number
of model states substantially, and there may be limited data available to inform the expected
mortality risks for SBS-IF patients with and without these complications. It is therefore useful
that the company have provided a scenario analysis that excludes them, which shows a
modest impact on the ICER. This is likely to be a conservative scenario given the plausible

link between teduglutide use and a reduction in these serious complications.

Adverse events

Adverse event rates per model cycle are presented in table 33, page 119 document b of the
company submission. The company has included adverse events which occurred in at least
5% of patients in either arm of the STEPS trial. The company reported 35 such events, and 32
were selected for consideration in the economic model. The decision to exclude three adverse
events (device dislocation, epistaxis and nasopharyngitis) was made based on clinical expert
advice to the company that these have minimal impact on cost and patient burden and would

therefore have a negligible impact upon the cost-effectiveness results.

The company presents three different adverse event rates for use in the model which are
informed by alternate patient-level data sets;

1. Up to 6 months for teduglutide. Informed by the teduglutide arm of STEPS.

2. Post 6 months for teduglutide. Informed by the three arms of the STEPS-2 trial.
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3. Standard of care. Informed by the placebo arm of STEPS.
The standard of care adverse event rates are not time variable in the absence of data post 6-

months from the STEPS trials.

The company did not stratify adverse event rates by the days of PS as it cannot be established

whether the events are related to the patients underlying disease or their PS requirements.

The ERG is concerned that the adverse event rates utilised in the model have not been
transparently reported and the case for a long-term reduction compared to standard care has
not been fully justified. In the clinical trials, it was found that teduglutide had *“a broadly
similar adverse event profile compared to patients treated with placebo”.%® The section of the
company submission presenting the pooled safety data did not make a clear case for
diminishing rates of adverse events (events/patient time at risk) over time. It only presented
total numbers and percentages of patients experiencing each type of event. However, the
adverse event rates per cycle applied in the model decrease substantially after 6 months for
teduglutide, which infer that the safety profile of teduglutide improves compared to standard
of care. This is based on data from STEPS-2 for which no comparative SoC data exist. The
calculation of the rates, and the case for diminishing rates in the teduglutide arm versus SoC,
is lacking transparency and would benefit from further clarity. Given the uncertainty and
lack of transparency around the calculations, the ERG suggests testing the use of non-time

variable adverse event rates for both arms of the model.

Table 14 Adverse events rates included in the economic model (table 33, page 119

document b of the CS)

Adverse event Adverse event rate per cycle

Teduglutide | Teduglutide Standard

months 0-6 after month 6 | Care

Abdominal distension

Abdominal pain

Arthralgia

Bacteraemia

Catheter related infection

Central line infection
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Constipation

Decreased appetite

Dehydration

Diarrhoea

Dizziness

Dyspnoea

Fatigue

Flatulence

Gastrointestinal stoma complication

Headache

Injection site haematoma

Injection site pain

Muscle spasms

Nausea

Peripheral oedema

Bacterial overgrowth

Pain

Procedural site reactions

Pyrexia

Renal colic

Small intestinal stenosis

Upper respiratory tract infection

Urinary tract infection

Vomiting

Decreased weight

L CCCCCLLCCLLLLLLT
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Increased weight

4.2.7 Health related quality of life

Teduglutide treatment aims to reduce a patient’s reliance on PS by improving their intestinal
absorption. As described in section 4.2.2, the company argue that the most relevant outcome
associated with teduglutide treatment is a reduction in the days per week of PS a patient

requires. The company explains that PS treatment is incredibly disruptive for patients, where
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achieving at least one night off per week symbolises a great benefit to both patients and
carers. Patient testimonials presented in section B.1.3.2 of the company submission report the
tremendous burden that PS treatment has on their lives where one patient reports: “I hate it
[PS], absolutely hate it because I’m on three and a half litres, 12 hours, every single day, just
don’t have a life.”” .%° Clinicians at the company advisory board also described how reducing
the number of days of PS each week is important to patients. Furthermore, a quality-of-life
study in adults dependent on parenteral nutrition using the PNIQ instrument, which is
designed to capture the impact PS has on a patient’s everyday life, found that a reduction in
days per week of PS was statistically significantly correlated with improvements in quality of

life of patients with type 3 intestinal failure."- ©2

The ERG is satisfied that a reduction in days of PS per week is a meaningful outcome to
capture in the economic model for SBS-IF, and that it is correlated with improvements in

patients’ health related quality of life — assuming it reflects an appropriate reduction.

Health state utility values

Clinical trials data

The company refers to quality of life data collected in the 004 and STEPS trials. Neither
study found statistically significant differences in quality of life when comparing against the
baseline or between trial arms at 24 weeks, nor was either study powered to detect such
differences. This data is not used in the economic model due to a variety of limitations

presented by the company.

The 004 trial collected quality of life data using the SF-36, EQ-5D and IBDQ instruments
(data not presented in the company submission). The EMA acknowledged in the EPAR that
none of these instruments had been developed for assessment in patients with SBS-IF stating
“low numbers of patients included in each treatment group in addition to the heterogeneity in
symptoms between SBS patients, it is conceded that these tools may not have been
appropriately sensitive to catch any potential difference.””®® The ERG requested the company
provide an analysis of the EQ-5D data at the clarification stage. The company declined on the
basis that the data is not reported in the CSR for the 004 trial nor has any analysis been
performed on the data.’* The company believes that the data is “unnecessary and unhelpful”
on grounds that the instrument lacks sensitivity for capturing the nuances of SBS-IF and its

treatment.
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The STEPS trial collected quality of life data using the SBS-QoL which is a disease specific
instrument.®* The SBS-QoL is not a preference-based measure, therefore utility values are
derived using a scoring algorithm that was subsequently developed using a lead time time-
trade-off technique.® Lloyd et al developed the algorithm whereby six-dimension health
states were constructed using 8 of the SBS-QoL items. These items were selected based on an
item performance analysis of a European SBS-QoL dataset and consultation with 3 SBS
clinical experts. The health states were valued by a UK general population sample (N=250).
Figure 3 below shows the utilities mapped using the Lloyd algorithm from the SBS-QoL data
in STEPS by the number of days per week of PS.

Figure 3 Utilities mapped from the SBS-QoL data in STEPS (Figure 29, page 116
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The company criticises the quality-of-life data from STEPS for several reasons:

1. The data lacks face validity.
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2. The heterogeneity of the SBS-IF population makes differences in quality of life
difficult to detect.®® Patients with a chronic disease who require PS as a result may see
it in a positive manner as it provides control over their underlying disease.®®
3. STEPS was not powered to detect statistically significant differences in the SBS-QoL

score.’

4. Lack of sensitivity of the SBS-QoL instrument.®

The ERG also requested that the company provide a further baseline adjusted analysis of the
STEPS utility data mapped from the SBS-QoL instrument, to better explore the relationship
between reductions in PS days and health state utility. The company declined, and offered
further arguments as to why they believe re-analysis of the SBS-QoL data would be of no
value (Company response to the clarification letter, question B9). This focuses on limitations
of the SBS-QoL instrument, and refers to testimonies from clinicians, patients, and experts on
patient reported outcome measures which: a) back-up their claims that the instrument lacks
sensitivity for capturing meaningful improvements in HRQoL that patients experience with
reductions in PS days, and b) identifies several flaws in the development of the instrument

which undermines its validity.

Health-related quality of life studies

The company undertook a systematic literature review in May 2021 in addition to another in
2017 to identify relevant health-related quality of life or health state utility value studies for
use in the economic model (appendix G of the CS). Of the 6 studies identified, a vignette
study by Ballinger et al was selected for the company base case as the population providing

the health state values was a sample of the UK general population.

The Ballinger et al study utilised a time trade-off preference elicitation technique, with a
sample of the UK public (N=100) provided ratings and utility scores for 8 health state
vignettes describing the impact of 0 days of PS up to 7 days of PS per week.>® The health
states included eight attributes, 3 of which were associated with SBS-IF and home PS and a
further 5 focussed on the 5 EQ-5D domains. None of the health states referenced stoma use

specifically.
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The company also noted two other studies reporting utilities for health state vignettes based
on the number of days of PS per week: Lachaine 2016 and Raghu 2020.57- % However, as the
Raghu study is simply the age adjusted values of the Ballinger study it was disregarded. The
Lachaine study was deemed less appropriate as it used a sample of SBS patients and the
Canadian general population to value the health state vignettes. The company provides

sensitivity analysis where utilities for the Lachaine 2016 study are used.®’

Based on the company’s response to the clarification letter, the ERG is satisfied that re-
analysis of the SBS-QoL data from STEPS, or EQ-5D data from 004, is unlikely to be helpful
for informing utility values for the PS health states in the company model. However, whilst
acknowledging the statements provided by patients and experts, which support the company’s
assertion that the SBS-QoL and EQ-5D lack sensitivity and face validity with respect to
capturing changes in HRQoL associated with reductions in the number of PS days per week,
the company has not provided much in the way of empirical evidence to show that the
instruments lack content validity or perform ““poorly on tests of construct validity and

responsiveness” as suggested in the NICE methods guide.®°

Accepting that the Ballinger et al. vignette study offers a relevant set of utility values to
inform the company’s economic model, the ERG has some concerns regarding potential for
bias. Whilst it shows that more days on PS are perceived by a sample of the general
population to have a strong negative impact on HRQoL, the health state vignettes are not
based on actual differences in health status reported by teduglutide treated patients. There
are a number of the health state dimension descriptions which could be considered leading.
For example, the anxiety/depression dimension states the following in reference to 0 days of
PS: “You are glad that you do not need to receive nutrients through a tube in your chest”.
The descriptions for 6-7 days of PS states ““...you would value having 1 day per week without
having treatment™.%® Other statements may exaggerate the impact of the condition. For
example, it appears to have been stated for states PS1-PS7 that ““...due to having a tube, you
are unable to do physical exercise.” It is not clear from the published paper if all
respondents understood this to mean only when connected to PS. Furthermore, the health
state descriptions do not consider the potential impact of the distribution of underlying
conditions and common complications such as use of a stoma which could potentially limit
the improvements in functioning ascribed to the vignettes for lower PS requirement states.

Whilst the states were developed with input from semi-structured interviews with patients,
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they do not appear to have been subsequently validated by patients. Finally, while the study
sample for valuing the states was selected from the UK general population, the ERG notes
that the sample was on average slightly younger, more educated, with a higher proportion
female, and a higher proportion single, which could limit the generalisability of the elicited
values. The NICE DSU TSD 12 provides guidance on the use of vignettes, stating those which
*...have not been based on HRQL data do not meet the NICE methods guidance for
alternatives to the EQ-5D. However, vignettes may have a limited role where there are no

data available using validated HRQL measures™.”®

Overall, the ERG

|
I e

ERG further acknowledges the low patient numbers and heterogeneity in the available
sample and accepts that the inferred lack of change in HRQoL from baseline in the
teduglutide arm of 004 lacks face validity. This limits the value of the EQ-5D data for the
current appraisal. Whilst the company have not provided the EQ-5D data, their application
would likely infer no substantive quality of life benefit to reducing the number of PS days,
which is at odds with the testimonies of patients and clinical experts. However, use of the
Ballinger study utilities is not well aligned with the NICE reference case and has the
potential to exaggerate the quality of life benefit of reducing the number of days of PS per
week for reasons identified above. Reflecting on the evidence, the ERG accepts the
company’s use of the vignette utilities but provide some further sensitivity analysis to assess
the impact of reducing the range in utility between the PSO and PS7 states, whilst
maintaining the ratios between the elicited values for the states.

Carer quality of life

The company explains that SBS-IF patients commonly require an informal caregiver to help
with day-to-day tasks and emotional support.”! It is assumed that each adult patient has on
average one caregiver on the basis of a patient and carer survey of 181 adult patients and 121
carers from the US, UK, France and Germany.”* Paediatric patients are assumed to require 2

caregivers on the assumption that they would have 2 parents who would provide care.

The company sought estimates from clinical experts participating in their Delphi panel, for
the utility of carers with low (1-2 days), medium (3-5 days) and high (6-7 days) PS
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requirements. These results were combined with directly reported EQ-5D results from a
caregiver specific survey of 47 UK based carers for SBS-IF patients.*® The calculation of
utility decrements used in the model is the average of the Delphi panel estimates and the
results from the patient and caregiver survey weighted by the distribution of respondents to
this survey. The utility values and decrements have been provided in table 15 below. For
example, the utility decrement for a carer of someone with a PS requirement of 4 days per

week is calculated as follows:

41— 077+ (1 B ((0.77 + 5) + (0.95 * 9)))

5+9
— =-0.17
2
Table 15 Carer quality of life decrements used in the economic model (reproduced
from tables 34, 35 & 36 document b of CS)
Days per EQ-5D utilities from carer | Utility decrements used
Delphi panel ' _ '
week of PS quality of life study (n) in economic model
0 NR NR 0
1 NR -0.10
2 0.89 1.00 (2) -0.10
3 0.89 (10) -0.10
4 0.77 (5) -0.17
0.77
5 0.97 (9) -0.17
6 0.89 (11) -0.22
0.67
7 0.89 (10) -0.22

The utilities are implemented into the model through the multiplication of the decrement by
the undiscounted life years of the corresponding state for each cycle of the model. For
paediatrics, utilities are applied in a similar manner however the decrements are multiplied by

two to account for the two caregivers per patient.

The ERG notes that the Delphi panel estimates are not in line with the NICE reference case
in for three reasons:
1. The Delphi panel consisted of 9 clinical experts whereas health related quality of life

should be reported directly by patients and/or carers.
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2. The Delphi method is a not a choice-based method, it is used to reach a consensus
between those involved in the panel.
3. Health state utility values should be based on a valuation of public preferences from a

representative sample of the UK population.

The ERG is note that the carer EQ-5D utilities derived from the UK caregiver survey

I - However, the survey is
based on a very small sample of (N=47).8 Conversely, the
N, 1 thermore, the

data in table 15 above suggests that carers would prefer 7 days over 4 days in terms of the
EQ-5D- values (0.88(SD=0.12) versus 0.77(SD=0.26)) which appears unintuitive.

In order to validate the results of the Delphi panel and UK caregiver survey, the company
cites a global survey of N=121 carers from the UK, Germany, France and the US.4857. 72
This survey reported an average EQ-5D-5L value of -.72 It is worth acknowledging that
the global caregiver survey EQ-5D-5L value is based on a distribution where JJJj of the
carers care for patients with 7 days per week PS requirements which is ||| lfthan the

baseline distribution used in the economic model (Jfff). Of note, the global survey found |}

It should further be noted, that the application of utility decrements in the model assumes that
any deviation from perfect health of carers is as a result of the patient’s SBS-1F which is
inherently flawed as the evidence from the UK caregiver survey does not suggest that carers

have different utility values from the general population.*

The ERG finds that the company has not provided sufficient evidence to validate the
assumption that carer health-related quality of life would increase as a result of patient’s
reducing their PS requirement. Further, the decrements that have been calculated are flawed,
and may exaggerate the impact of any changes. Nevertheless, it is clear that SBS-IF and PS
can impart a major burden on caregivers, but measuring and quantifying the impact

accurately in terms of HRQoL represents a challenge. Given the limitations in the company
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approach, the ERG suggest it is important to assess the impact on the ICER of both including
and excluding the estimated carer disutilities. Further engagement with relevant patient and
carer groups would be beneficial to understand the impact a reduction in PS days per week

would have on carers HRQoL.

Complications (Intestinal Failure-Associated Liver Disease (IFALD) and Chronic Kidney
Disease (CKD))

An equal utility decrement is applied to all patients in the IFALD disease state of the model.
The decrement is calculated as the difference between the weighted average utility value of
for those in PS1 to PS7 without IFALD and the weighted average utility value of for those in
PS1 to PS7 with IFALD. The utility value for IFALD is sourced from the EQ-5D catalogue
for the UK, and is applied multiplicatively.”® The weighted average utility decrement is then
multiplied by cycle length in years and applied to the total proportion of cohort with IFALD
in each cycle of the model. The utility value for stage V CKD represents the utility of those
with CKD on dialysis, which is sourced from a systematic review and meta-analysis of utility
bases quality of life in chronic kidney disease treatments.”* The utility decrement for CKD is

calculated and applied in the model following the same approach as for IFALD.

The ERG has no major concerns with the approach to applying utility decrements to the
proportion with IFALD and CKD. However, the ERG does have some concern that the
proportions of the surviving cohort with these complications may be overestimated in the
company model, since there is no structural link between them and an increased risk of
mortality (see section 4.2.6 above). Therefore, the QALY losses attributable to the health-
related quality of life impact of living with these complications may be overestimated
(favouring teduglutide). However, this bias could be offset by the model failing to account for
a small survival benefit that could be expected (for teduglutide) by reducing their incidence.

The net impact on the ICER is uncertain.

Adverse events

The rates of all adverse events (section 4.2.6) are multiplied by the relevant utility
decrements, which are sourced from external literature, to generate a total utility decrement
which is applied for the duration of each model cycle. Therefore, it was assumed that all

events would reach resolution in 28 days. Several adverse events which attract costs in the
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model do not attract a utility decrement. These include: Dizziness, dyspnoea, muscle spasms,

nausea, pain, pyrexia and renal colic.

The utility weights of adverse events are sourced from the catalogue of EQ-5D scores for the
United Kingdom, the company submission of TA352 (vedolizumab for treating moderate to
severely active Crohn’s disease after prior therapy) and a systematic review of the impact of
urinary tract infections on health-related quality of life.”*> 7> 7® The UK-based EQ-5D
catalogue utilised regression methods to estimate the marginal disutility of several conditions
controlling for covariates. TA352 cites Brown et al. 2001 for the utility decrement (serious
infection) which informs bacteraemia, catheter-related infection, central line infection,
bacterial overgrowth, and upper respiratory infection adverse events in the company model.”’

The adverse event disutility for injection site haematoma, injection site pain, procedural site

reactions was sourced from Beusterien et al. 2009 cited in TA352.78

The decrement of -0.52 informed by Brown et al. is sourced from a sample of 30 UK
oncology nurses using a standard gamble method. The decrement is calculated as =1-
0.48.The health state utility value of 0.48 is for infection without hospitalisation. The ERG
finds that, not only is this not aligned with the NICE reference case, the decrement assumes
perfect health prior to infection which is not realistic with respect to SBS-IF patients. The
ERG suggest the decrement should be calculated relative to the mean age specific population

norm.

The ERG is unclear why several events which incur costs to the health service are assumed to
attribute no utility decrement as the rationale is not provided in section B.3.4.3 of the CS.
Given that these events require health care resource use to reach resolution, ideally an
estimate of their utility impact should be included in the model. However, the ERG does not

expect their omission to have a material impact on cost-effectiveness.

The costs associated with line sepsis are included in the health state costs in the model
(section 4.2.8) using rates derived from a survey of clinical experts designed to assess
resource use associated with the PS day requirements. However, the disutility associated with
line sepsis is applied using the adverse event rates from the STEPS and STEPS-2 trials. The
rationale for applying different rates to determine the cost and health impact of sepsis is not

discussed in the company submission. The ERG would prefer to apply the same rates for
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both. The ERG also notes the advice from the NICE DSU TSD 12 which states that “Where
the adverse events are known to affect HRQoL they should be treated in the same way as the
associated costs...”.” It is uncertain the impact this disconnect creates upon the economic
model given the issues raised by the ERG regarding adverse event rates discussed in section
4.2.6. However, given the detrimental health effect of these adverse events and its association
with a patient’s PS needs the ERG highlights this as an issue that could be address in

technical engagement.
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4.2.8 Resources and costs

Cost of the intervention

Teduglutide is available in either the Smg or 1.25mg vial. The list price is £521.98 and
£260.99 respectively. The company has proposed a simple PAS discount of - for both vial
sizes. The SmPC recommends a daily dose of 0.05 mg/kg of body weight. Therefore, the
smaller vial is appropriate for patients who weigh up to 25kg and the larger vial for patients
who weigh up to 100kg. The model assumes that all patients would receive the Smg vial,
therefore wastage is accounted for in all scenarios considered by the company. The treatment

acquisition cost per year for the Smg vial with the PAS is -

Treatment with teduglutide requires colonoscopies at treatment initiation, 1 year, 2 years and
every 5 years thereafter. This is consistent with clinical practice, where the ERG clinical
expert states that colonoscopies are not frequently used in standard care (unless in IBD
cases). All patients, including paediatric patients require this regimen of colonoscopies. The
company has utilised adult specific colonoscopy HRG cost for both populations. Further

details of the unit cost of a colonoscopy can be found in table 37, page 126 of document B.

Teduglutide does not require any further monitoring costs over and above what the patient
receives as part of their PS care aside from the additional colonoscopies described. The
company has advised that a Takeda sponsored homecare service would be provided upon

approval of teduglutide.

The ERG finds it reasonable to assume that no patients would require more than 5mg per day
as the maximum patient weight in [l However, the company has made the following
assumptions which may inflate the treatment acquisition cost of teduglutide:
e No vial sharing. The company argue that since the eligible population for teduglutide
is small, the potential for vial sharing is limited.
e Paediatric patients would receive the full 5mg dose. The WHO growth charts suggest
that 501" percentile of children would reach 26kg at age 8.%°
e No dose reductions for patients with renal impairment. The SmPC for teduglutide
states that a 50% dose reduction should be administered to patients with end stage

renal disease.
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The company asserts that these assumptions present a conservative case for teduglutide. The
ERG would find it beneficial to quantify the degree to which treatment acquisition costs are
overestimated in the company’s analysis and whether this has a material impact upon the
ICER.

The ERG also prefers to use the paediatric specific HRG unit cost for colonoscopy.
Furthermore, the SmPC specifies that children should undergo faecal occult blood testing at
treatment initiation and annually thereafter which has not been accounted for in the

company’s analysis.

Finally, it is not explicit within the company submission what additional monitoring and
support the Takeda home care service would provide. Therefore, the ERG cannot comment

on whether any additional monitoring/administration burden would fall onto the NHS.

Health state costs

The health state costs per cycle consist of the resource use required to fulfil a patient’s PS
requirements per week. Patients who receive home parenteral nutrition require a substantial
amount of resource use, most of which is determined by the number of days per week of PS.
The frequency of resource use and the unit cost of the corresponding resource use is found in
tables 39 and 40, page 127 document b of the CS. For each health state, the health state cost
per cycle is calculated by multiplying the unit cost by the relevant amount of resource use
required to fulfil the patients required nights of PS per week. Therefore, the cost increases as
a greater number of days of PS is required. Patients diagnosed with either IFALD or CKD
have different PS bag requirements such as reduced lipid content and increased electrolytes.

The ERG is unclear whether this would have cost implications.

The company has utilised NHS reference costs and BNF costs where possible which is in line
with the NICE reference case. The provision of PS bags, which includes the bags themselves,
delivery, nurse time, and taurolocks is agreed through private contracts with trusts. Therefore,

a confidential appendix will be provided with this report.

The frequency of resource use by the number of days of PS required by UK adults and
children was informed by studies utilising telephone interviews with experts in the provision

of PS. The adult study involved four consultant gastroenterologists, five nurses, one
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pharmacist and a dietician from specialised intestinal failure centres in England.?! The
company utilised the study to construct the estimated resource use by the patient’s required

days of PS.

The inclusion of line sepsis complications associated with PS into the health state costs is
uncertain as there is not a clear consensus whether the incidence of line sepsis increases as
the number of PS days increases. The ERG clinical expert concurs with the company’s
position, patients who require a greater number of days of PS would have more episodes of
line sepsis given the greater exposure to infection that they experience. The company cited
the Parexel resource use studies to support their position in response to clarification queries.
However, these studies state; “Infections are not correlated with... number of PN nights; they
are related to the patient’s thoroughness in taking care of the line””. Given the uncertainty,
the ERG explores scenarios where the rate is kept constant across PS states 1-7 days (and
zero in PS 0).

Patients who are PS independent incur no health state cost in the model. However. this is not
suggested within the Paraxel study where, it indicates that all SBS-IF patients would receive
the same level of monitoring regardless of their PN requirements. At the clarification stage,
the company asserted that since the health state costs are specifically for the cost of the
patient’s PS requirements, it is justified that they would not require any health care resource
use since these patients have weaned off PS. The company also argued that since the cost of
managing a patient’s underlying SBS-IF are assumed equal between the treatment arms,
these do not need to be accounted for within the model. The ERG disagrees with this logic, if
this were the case, then this assumes that patients who receive any PS would require 3
additional specialist visits each year for their PS plus the 3-4 monitoring visits per year as
outlined in the Parexel study. The ERG clinical expert has clarified that all SBS-IF patients
typically receive 3-4 clinic visits per year regardless of their PS requirements. The company
did run a scenario in response to clarification queries, where patients who require 0 days of

PS would receive 2 specialist visits per year which led to a small increase in the ICER.

Overall, the ERG finds the company’s methodology transparent and agreeable. However, it
would be beneficial if further data or clinical expert opinion was sought to validate the
assumption that the incidence of line sepsis would increase as a patient’s PS need increases.

Furthermore, the ERG would prefer the exclusion of specialist visits from the health state
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costs, as these are required to manage the patients underlying SBS-IF and not neccessarily

related to their PS needs.

Complications (Intestinal Failure-Associated Liver Disease (IFALD) and Chronic Kidney
Disease (CKD))

As discussed in section 4.2.2 and 4.2.6, all patients are at increasing risk of developing
IFALD dependent upon their PS need in each cycle. A weighted cost is calculated using the
expected time in state for three stages of liver disease: non-progressed, fibrosis and cirrhosis.
The cost of each state was sourced from an NIHR HTA study of the management of patients
with chronic liver disease. The time spent in each state was determined using a study of the
prevalence of liver disease (of different levels of severity) for patients who receive PS at
home with permanent intestinal failure.’® This results in a weighted cost per cycle of £2,775,

further information can be sourced from table 42, page 130 document B of the CS.

Kidney disease is modelled in a similar way to IFALD, where patients who require more days
of PS per week are at a higher risk of developing CKD. Only stage V kidney disease is
considered in the analysis, where the company argues that only “Stage V CKD...impacts
resource use in a manner relevant to our economic model”. Therefore, the company has
applied the weighted HRG cost of chronic dialysis (LA08G and LAOS8P) to all stage V CKD

patients resulting in a cost per cycle of £2,384.

The ERG finds the company’s unit costs for IFALD and CKD to be appropriate but has
concerns regarding the approach to estimating the proportions with these complications and
the more severe forms of liver disease severity (see section 4.2.6 above). The ERG believes
the company’s approach may overestimate these, which in turn will overestimate the

associated costs.

Adverse events

The cost of all other adverse events was calculated using the rate per cycle, sourced from
STEPS and STEPS-2 (section 4.2.6), multiplied by the relevant unit cost for managing each
event. Where possible, the company has used the relevant NHS reference cost. Where this
was not possible, alternative costs were used based on the expected resource use an event
requires. Several adverse events were assumed to attribute zero cost. These include decreased

appetite, dehydration, fatigue, flatulence, headache and weight increase/decrease. These were
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determined by the Delphi panel to be “largely transient”, therefore would not require
additional resource use over and above what the patient requires for the management of SBS-

IF.

The ERG is satisfied with the method and the majority of unit costs applied for adverse events
in the model. However, the ERG is notes that renal colic is under costed as the NHS
reference cost used does not include intervention. Management of renal colic in the UK
varies from watchful waiting, medical expulsive therapy, and surgery, all of which depends

on a patient’s risk factors and size of the stones.®?
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5 COST EFFECTIVENESS RESULTS

5.1  Company’s cost effectiveness results

The model inputs and assumptions for the company’s preferred base case are laid out
in Tables 44 and 45 of their submission document. The deterministic base case results
are presented in Table 46 for the adult population (start age 50 years) and Table 47 for
the paediatric population (start age 6 years). The ICER in the adult population is
£16,652, based on incremental cost of - and incremental QALY's of - The
breakdown of the cost (by categories and health states) and QALY's are provided in
the company model, reproduced in Tables 16 to 18 below. The incremental cost is
driven primarily by the treatment acquisition cost for teduglutide, and there are
savings in PS, complications and adverse event costs driven by the reduced time spent
in higher PS requirement states. Correspondingly, the QALY gain for teduglutide is
driven the increased time spent in the low “No PS” and low PS requirement states (PS

1 day and PS 2 days per week).

Table 16 Breakdown of discounted costs by cost categories (Source, Company

model)

Teduglutide Standard Care
Teduglutide e
Colonoscopy [
PS I
Liver
Complications .
CKD e
Adverse events e
Total ]
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Table 17 Breakdown of discounted costs by health state

Teduglutide Standard Care

No PS

PS 1 day per week
PS 2 days per week
PS 3 days per week
PS 4 days per week
PS 5 days per week
PS 6 days per week
PS 7 days per week
Total

Table 18 Breakdown of QALY by health state
Teduglutide Standard Care

No PS

PS 1 day per week
PS 2 days per week
PS 3 days per week
PS 4 days per week
PS 5 days per week
PS 6 days per week

PS 7 days per week
Liver disease Utility
decrement

CKD Utility decrement
Carer QALYs
Total

For the paediatric population, the company base case ICER is lower at £4,811 per
QALy gained, due to a lower incremental cost _) and larger incremental
QALY (-) compared to adult base case. This is due to the longer survival time and
time horizon in the paediatric model, leading to larger QALY gains arising from
longer times spent in lower PS requirement states, and larger cost savings accruing

from the reduced PS requirements.

5.2  Company’s sensitivity analyses
The company present their probabilistic sensitivity analysis results in Table 48 and 49
of their submission document, for the adult and paediatric population respectively.

The mean ICERs are slightly higher than the deterministic point estimates.
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Corresponding cost-effectiveness scatter-plots and acceptability curves can be found
in Figure 30 and 31 of the company submission document. The probability of
teduglutide being cost-effective at ceiling threshold of £30,000 per QALY, is
approximately - in the adult model and approximately - in the paediatric model.

The company also present the results of one-way sensitivity analysis on the adult and
paediatric base cases (see Figures 32 and 33 of the company submission, document
B). The tornado diagram for the adult base model indicates that the ICER is most
sensitive to varying the cycle cost for PS 7, PS4, PS6 and PS5 days per week.
Similarly, the cost of PS for these numbers of days are also the most influential
parameters in the paediatric model. This is because it is by reducing time in PS4 - PS7

compared to SoC that teduglutide generates PS cost savings.

The company present the results of scenarios analyses in Table 50 of their submission
document. For the adults model, the results show the ICER to be upwardly sensitive
to several parameter assumptions, particularly: removal of treatment discontinuation
beyond 12 months, the choice of extrapolation curve for survival, the health state
utility data source, the removal of complications (IFALD and CKD), application of
carer quality of life decrements from only the Delphi survey. The ICER was reduced
by application of a lower discount rate of 1.5% on costs and outcomes, and
application of carer quality of life decrements from only the Delphi panel. A similar
pattern of results was found in the paediatric model, with the removal of

discontinuation beyond 12 months having the largest upward impact on the ICER.

In addition to the scenarios provided in the company submission, the ERG asked the
company to consider a few further scenarios in response to the clarification letter.
These were provided as follows in Table X: 1) using the PSP beyond 12 months in the
calculation of transition probabilities for teduglutide; and 2) Including health state
transitions for SoC as observed in the placebo arm of STEPS. As indicated in the
critique in 4.2.6 above, following further clarification from the company, the ERG
agrees that carrying forward the last observed PS state, rather than censoring, will lead
to dilution of the actual observed effects among those in STEP-2 who were followed
systematically out to 30 months. Therefore, the 30-month scenario in Table 19 is

likely conservative. It should also be noted that the scenario applying transition
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probabilities to the SoC arm based on the placebo arm of STEPS, returns the cohort to
the baseline state distribution from cycle 7 onwards. Hence the minimal impact on the
ICER. The ERG had indented for this scenario to carry the 6 month state distribution

forwards.

Table 19 Additional scenario analyses provided by the company in response to

the clarification letter.

Model component Base case Scenario ICER
(E/QALY)
Base case £16,652
1) Use of PSP data | Base case (PSP | PSP data up to 18 £14,891
in transition data up to 12 months
probability months) PSP data up to 24 £14,129
estimation months
PSP data up to 30 £22.138
months
2) Change in PS Remains Include health state
requirement in the constant and transitions fitted to the £17,616
SoC arm baseline placebo arm of STEPS

5.3  Model validation and face validity check

The company describe how the data sources and key assumptions were validated by
three clinicians experience in treating SBS-IF, and that there was consensus that the
data sources were appropriate and that the applied assumptions were clinically
plausible. They also note that advice was obtained from expert health economists
regarding the incorporation of evidence and justification for assumptions. They also
note that the model was reviewed by a health economist not involved in its
development, to ensure accuracy of inputs and reliable functionality -with all minor

issues amended prior to submission.

The ERG has also undertaken a number of “black box” tests, as suggested by
Tappenden and Chilcott (2014), to assess model reliability, and has checked through
the model formulae underpinning the cohort traces and calculations of costs and
QALYs.3 The results of ERG checks are presented in Table XX. One minor issue

was identified where the incorrect adverse event utility parameter was referenced for
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upper respiratory tract infections for teduglutide after month 6 and in the standard of

carc arm.

In terms of internal validity, the company initially provided a comparison of the
percentage of the modelled cohort achieving PS independence (22%) against the
observed proportion in the STEPS, STEPS-2 and PSP study population combined
(I - indicating a slight underestimation. The ERG asked for further validation of
the modelled cohort distribution at set time points (6, 12, 18, 24 and 30 months),
which the company supplied at the clarification stage. This showed slight
overestimation of the percentage in PS1, PS4 and PS5 at 30 months, and slight
underestimation of the proportion in PS0, PS3, and PS7.

The ERG is broadly satisfied that the model output for the teduglutide arm is
consistent with the input subject to the assumptions applied to those who discontinue
treatment; If anything, the model may slightly overestimate the expected number of PS
days compared to the mean observed for the cohort. Note, the internal validity in the
SoC arm cannot be assessed in the same manner due a lack of observed data (beyond
6 months) and the assumptions applied regarding the placebo arm response in
STEPS. The ERG has identified some further face validity issues with respect to the

modelling of complications (CKD and IFALD) as discussed in section 4.2.6 above
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Table 20 Summary of “black box” checks of the model carried out by the ERG

Model component | Model test Unequivocal criterion for verification

Issues identified in company model

Set relative treatment effect (odds
o _ ratios, relative risks or hazard ratios) | All treatments produce equal estimates of
Clinical trajectory ) '
parameter(s) to 1.0 (including total LYGs and total QALY

adverse events)

Minor issue found in cells H80:180 of
‘Adverse events’ sheet which refers to the
incorrect adverse event utility for urinary
tract infections. Otherwise, no issues

found.

Sum expected health state
populations at any model timepoint | Total probability equals 1.0

(state transition models)

No issues found.

o Set all health utility for living states .
QALY estimation QALY gains equal LYGs
parameters to 1.0

No issues found.

) Discounted QALY's = undiscounted QALY's
Set QALY discount rate to 0
for all treatments

No issues found.

Set QALY discount rate equal to _ ,
QALY gain after time 0 tend towards zero
very large number

No issues found

Cost estimation Set intervention costs to 0 ICER 1is reduced

No issues found. Incremental costs

behave as expected.

Increase intervention cost ICER is increased

No issues found.

_ Discounted costs = undiscounted costs for
Set cost discount rate to 0
all treatments

No issues found.

Set cost discount rate equal to very )
Costs after time 0 tend towards zero
large number

No issues found.
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Model component

Model test

Unequivocal criterion for verification

Issues identified in company model

Input parameters

Produce n samples of model

parameter m

Range of sampled parameter values does
not violate characteristics of statistical

distribution used to describe parameter.

Sample tested. No issues found.

General

Set all treatment-specific parameters

equal for all treatment groups

Costs and QALY equal for all treatments

No issues found. Given the standard care
arm does not use transition probabilities,
all transition probabilities for the
teduglutide arm were set to 0.
Furthermore, all adverse event rates were
equalized, treatment costs set to 0 and

treatment discontinuation was turned off.

Amend value of each individual

model parameter

ICER is changed

Sample tested. No issues found. There are
over 300 model parameters. Key
modelling parameters such as transition
probabilities, acquisition costs, adverse
event rates and treatment discontinuation

distributions adjust ICER as expected.
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Model component

Model test

Unequivocal criterion for verification

Issues identified in company model

Switch all treatment-specific

parameter values

QALYs and costs for each option should be

switched

Not possible under model structure as the
standard of care arm is not informed by
transition probabilities. However, when
all treatment specific parameters are
equalized to the standard of care arm,
treatment discontinuation is removed,
transition probabilities set to 0 the
QALYs and costs for the teduglutide arm

equal the standard of care arm.
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6 EVIDENCE REVIEW GROUP’S ADDITIONAL ANALYSES
6.1  Exploratory and sensitivity analyses undertaken by the ERG

The ERG carried out further scenario analysis to explore the uncertainties identified
within chapter 4 of this report. A description of these scenarios is given in table 21.
Results are presented and discussed within section 6.2. Some of the scenarios
described below are only relevant to either the adult (scenario 8) or paediatric
(scenarios 6, 7 & 9) population. Therefore, not all scenarios are included in the results

tables 22 and 23.

Table 21 Summary of scenario analysis explored by the ERG

. o Section within
Scenario description

# ERG report
1 | Correction to upper respiratory tract infection utility decrement 5.3
Application state transitions for the standard of care arm using 4.2.6
) data from the placebo group of STEPS where the final occupancy
of the states at 24 weeks is held for the rest of the modelled time
horizon
3 Post 6-month adverse event rates of teduglutide equalised to 4.2.6
standard of care for the teduglutide arm
Post 6-month adverse event rates equalised to pre-6-month rates 4.2.6
4 ;
for the teduglutide arm
5 | Removal of carer utilities 4.2.7
4.2.8

6 | Paediatric patients receive smaller 1.25mg vial until age 8

Cost of paediatric colonoscopy applied (FE37C Endoscopic or 4.2.8
7 | Intermediate, Lower Gastrointestinal Tract Procedures, between 5
and 18 years)®

Three specialist visits per year applied to PSO health state costs 4.2.8
(Adult)

Four specialist visits, haematology tests, tests of inflammatory 4.2.8
9 | markers, clinical biochemistry tests per year applied to PSO health
state costs (Paediatric)

10 | Removal of daily ondansetron treatment from health state costs 4.2.8

Utility decrements for bacteraemia, catheter-related infection, 4.2.7
11 | central line infection, bacterial overgrowth and upper respiratory

infection calculated relative to UK population norms for EQ-5D*

Equal risk of line sepsis per year (0.44) assumed for all PS1-7 428
12

health states

Reduction in the range of utility values between PSO and PS7 4.2.7
13

states by 10%.

Reduction in the range of utility values between PSO and PS7 4.2.7
14

states by 20%.
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6.2 Impact on the ICER of additional clinical and economic analyses
undertaken by the ERG

The application of the state transitions observed in the STEPS trial placebo arm to the
standard of care arm in the model, where the state occupancies observed at 24 weeks
are retained for the rest of the modelled time horizon (scenario 2) has the greatest
impact upon the ICER. This results in ICERs of £87,898 and £63,505 for the adult
and paediatric populations respectively. In the company base case, patients in the
standard of care arm can only transition to the death state. Therefore, utilising the
reduction of days per week of PS observed in the placebo arm of the STEPS trial
leads to lower PS-health state costs, lower risk of IFALD & stage V CKD
complications, higher health state utility values and higher carer utility values which

explains the significant increase in the ICER over the company base-case.

The ERG explored the impact of using alternative adverse event rates for the
teduglutide arm in scenarios 3 and 4. These resulted in moderate increases in the
ICER in both populations. In particular, scenario 4, where the post-6-month adverse

event rates were equalised to the pre-6 month adverse event rates for teduglutide. Of

the three adverse event rates used in the model (table 14), _

The removal of carer utility decrements from consideration in the analysis leads to a
moderate increase in the ICER. A greater reduction is observed in the paediatric
population as it is assumed that patients have two carers. The ERG also explored the
scenario where the utility decrement associated with several adverse events was
calculated relative to the UK population norm EQ-5D value (=0.85-0.48) rather than

from perfect health (=1-0.48) (scenario 11).%° This resulted in a very small increase in

the ICER for both populations as the | EEEEE—

_ A percentage reduction in the difference between the utility

values of PSO and PS7 states realises a moderate increase in the ICER. The correction
of a minor error found within the economic model, where the incorrect utility
decrement associated with upper respiratory tract infection was used (scenario 1),

resulted in a small decrease in the ICER for both populations.
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Finally, the ERG explored several alternative assumptions with regard to costs.
Scenarios 7, 8, 9 & 12 resulted in small increases in the ICER. Scenario 10, where the
assumption that patients would receive odansetron daily was removed, resulted in a
moderate increase in the ICER for both populations. This is due to the greater
proportion of patients in the teduglutide arm of the model who have weaned off PS
and no longer accrue the cost of odansetron. Therefore, the standard of care arm
realises a greater proportional reduction in cost when this is removed. Scenario 6 has
the greatest impact upon the ICER. The assumption that all patients under the age of 8
in the model would receive the smaller 1.25mg vial of teduglutide prompts a
significant reduction in teduglutide acquisition costs, dramatically decreasing the
incremental costs of teduglutide treatment. However, its unclear what percentage of

the eligible paediatric patients this would apply to in practice.

The results of the scenario analyses and its impact on the ICER can be seen in tables

22 and 23 below.

Table 22 ERG scenario results for the adult population

Scenario Incremental costs g‘;‘fg‘:“ta' ICER

cca‘;‘e“pa“y base I [ ] £16,652
1 ] N £16,344
2 e N £87,898
3 I I £21,142
4 I | £28,614
5 ] N £23,227
8 ] N £17,266
10 I I £26,659
1 I | £16,752
12 ] N £17,609
13 ] N £17,799
14 ] N £19,116
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Table 23 ERG scenario results for paediatric population
Scenario Incremental costs glzif;?s ental ICER
cCa(;lenpany base - - £4,811
! I ] £4,736
2 N - £63,505
3 N | £8,193
4 e ] £14,040
5 ] N £7,586
6 _ - Dominates
7 I [ £5.280
9 ] N £5,357
10 ] N £13,772
11 I ] £4,837
12 N | £5,630
13 I | £5,097
14 e ] £5,418
.

6.3  ERG’s preferred assumptions
The ERG preferred modelling assumptions and the rationale are as follows:
e Scenario 1.
As detailed in the blackbox verification checks (table 20), there was a minor
error where the incorrect utility decrement for urinary tract infections was used
in two places in the model. This has been corrected by the ERG.
e Scenario 7.
The cost of a colonoscopy applied in the paediatric company base case is for
patients aged 19 and over. Clinical advice to the ERG stated that paediatric
patients undergo general anaesthetic for the procedure, therefore the resource
use required may not be comparable between the populations. The ERG
prefers the use of the paediatric specific HRG code.

e Scenario 8 & 9.
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These scenarios refer to the assumption that patients who have weaned off PS
do not require specialist visits in the model. At clarification stage, the
company explained that as these are costs related to a patient’s PS need no
visits are assumed. Clinical expert advice to the ERG states that all SBS-IF
patients receive 3-4 clinic visits per year which is invariable to a patient’s PS
requirements. Therefore, the ERG prefers to assume equal frequency of
specialist visits (and tests which monitor growth of paediatrics) in the PSO
state of the model to other health states.

Scenario 11.

The utility decrement of several adverse events in the model are sourced from
TA352, where the decrement is calculated relative to perfect health. This leads
to an overestimation of the decrement associated with these events. The ERG
prefers to calculate the decrement relative to the UK population norm EQ-5D
value.

Exponential extrapolation of the overall survival curve for adults. As described
in section 4.2.6, the exponential retains a mortality hazard higher than that
over general population mortality for longer and has the lowest AIC and BIC

statistics of all proposed extrapolations.

The cumulative impact of these scenarios upon the company base case are shown in
tables 24 and 25 below. The resultant deterministic ICER of the ERG preferred base
case is £20,314 per QALY for the adult population (table 24), and £5,797 for the

paediatric population (table 25). The ERG also presents further sensitivity analysis

upon its preferred base case in table 26. The results show that the ICER is sensitive to

the removal of carer utilities from the analysis. However, all scenarios demonstrate an

ICER which is below £30,000 per QALY.

Table 24 ERG’s preferred model assumptions for adult population

Section
Incremental Cumulative

ICER

Preferred assumption in ERG

report Cost QALY

1

Company base-case -- £16,652
I

Correction to upper respiratory tract 53

B <6344

infection utility decrement
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Three specialist visits per year applied

to PSO health state costs (Adult)

4.2.8

£16,947

11

Utility decrements for bacteraemia,
catheter-related infection, central line
infection, bacterial overgrowth and
upper respiratory infection calculated
relative to UK population norms for

EQ-5D

4.2.7

£17,158

Exponential extrapolation of overall

survival curve

4.2.6

£20,314

Table 25 ERG’s preferred model assumptions for paediatric population

Preferred assumption

Section
in ERG

report

Incremental

Cost

Company base-case

QALY

Cumulative

ICER

£4,811

Correction to upper respiratory tract

infection utility decrement

53

£4,736

Cost of paediatric colonoscopy
applied (FE37C Endoscopic or
Intermediate, Lower Gastrointestinal
Tract Procedures, between 5 and 18

years)

4.2.8

£5,189

Four specialist visits, haematology
tests, tests of inflammatory markers,
clinical biochemistry tests per year
applied to PSO health state costs
(Paediatric)

4.2.8

£5,735

11

Utility decrements for bacteraemia,
catheter-related infection, central line
infection, bacterial overgrowth and
upper respiratory infection calculated
relative to UK population norms for

EQ-5D

4.2.7

£5,797
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Table 26 Sensitivity analysis on the ERG preferred base-case

Section in Incremental
Preferred assumption ICER
ERG report Cost QALY
Adult population
ERG preferred base-case - - £20,314
Removal of carer utilities 4.2.7 - - £28,270
Log-normal extrapolation of time
4.2.6 B B £22,421
on treatment curve
Weibull extrapolation of overall
. 42.6 e e £21,591
survival curve
Paediatric population
ERG preferred base-case - - £5,797
Removal of carer utilities 4.2.7 - - £9,114
Log-normal extrapolation of time
42.6 e e £7,364
on treatment curve

6.4  Conclusions of the cost effectiveness section

The company have provided a comprehensive submission which attempts to capture
all health effects and costs associated with teduglutide in the NHS care pathway for
SBS-IF patients. All ICERs of the scenarios presented by the company and ERG fall
below £30,000 per QALY gained aside from the removal of the treatment stopping
ru