
Vol.:(0123456789)

Adv Ther (2024) 41:4463–4475 
https://doi.org/10.1007/s12325-024-02995-7

ORIGINAL RESEARCH

Cost‑Effectiveness of Teduglutide for Pediatric 
Patients with Short Bowel Syndrome in Japan, 
Including Caregiver Burden

Hisato Deguchi   · Masafumi Kato 

Received: July 2, 2024 / Accepted: September 6, 2024 / Published online: October 16, 2024 
© The Author(s) 2024

ABSTRACT

Introduction:  Short bowel syndrome (SBS) is 
associated with a significant mental and physical 
burden for patients and caregivers. Standard of 
care (SOC) for SBS includes parenteral support 
(PS) to optimize intestinal function. Teduglutide, 
a recombinant human glucagon-like peptide 2 
analogue, reduces the need for PS in patients 
with SBS. In this study, we assessed the cost-
effectiveness of teduglutide in pediatric patients 
with SBS from multiple perspectives, considering 
the caregiver’s burden.
Methods:  A Markov model was used to evalu-
ate cost (Japanese yen, JPY) and effectiveness 
(quality-adjusted life years, QALYs) of teduglu-
tide compared with SOC for pediatric patients 
with SBS in Japan. We conducted a base-case 
analysis and selected sensitivity and scenario 

analyses from three perspectives: (1) the public 
healthcare payer, (2) the public healthcare and 
long-term care payer, and (3) society.
Results:  In the base-case analysis, the incre-
mental cost-effectiveness ratio (ICER) was 
9,533,412 JPY per QALY from the public health-
care payer perspective, 6,335,980 JPY per QALY 
from the public healthcare and long-term care 
payer perspective, and 3,510,371 JPY per QALY 
from the societal perspective. The probability 
that cost-effectiveness of teduglutide is favora-
ble from a societal perspective was 59.3%. In 
all scenario analyses, consistent with the base-
case analysis, ICERs for teduglutide compared 
with SOC were different depending on whether 
caregiver utility and productivity loss were 
considered.
Conclusions:  Incorporating the caregiver’s bur-
den in the cost-effectiveness analysis of teduglu-
tide for pediatric patients with SBS provided a 
more comprehensive assessment of the value of 
teduglutide for patients, their families, and soci-
ety. This approach enhances our understanding 
of the overall value of a treatment, especially for 
diseases with significant caregiver burden.
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Key Summary Points 

Caring for pediatric patients with short 
bowel syndrome (SBS) imposes significant 
mental and physical burden on caregivers. 
Teduglutide has been shown in clinical trials 
to reduce the need for parenteral support of 
pediatric patients with SBS.

This study aimed to provide a comprehensive 
cost-effectiveness analysis of teduglutide for 
pediatric patients with SBS in Japan, includ-
ing considering the caregiver’s burden, an 
aspect that has been missing from previous 
teduglutide cost-effectiveness analyses in 
Japan.

Teduglutide was estimated to cost more than 
standard of care but prolonged patient qual-
ity-adjusted life years (QALYs). The estimated 
incremental cost-effectiveness ratio (ICER) 
for teduglutide versus standard of care ranged 
from 9.5 million JPY/QALY from the public 
healthcare payer’s perspective to 3.5 million 
JPY/QALY from a societal perspective (i.e., 
considering caregiver’s quality of life and 
productivity loss in addition to the public 
healthcare payer’s perspective).

In our scenario analyses, which were con-
sistent with the base-case analysis, different 
ICERs were observed for teduglutide versus 
standard of care depending on whether car-
egivers’ quality of life and productivity loss 
were considered.

This study demonstrated that incorporating 
the burden of caregivers in the cost-effective-
ness analysis provided a more comprehen-
sive assessment of the value of teduglutide 
for patients, their families, and society. This 
approach enhances our understanding of the 
overall value of a treatment, especially for 
diseases with significant caregiver burden.

INTRODUCTION

Short bowel syndrome (SBS), the most common 
cause of intestinal failure (IF), is defined as gut 

function that is inadequate to maintain growth 
and development due to unsatisfactory absorp-
tion of macronutrients, water, or electrolytes [1]. 
The standard of care (SOC) for SBS is long-term 
administration of parenteral support (PS; paren-
teral nutrition and/or intravenous fluids), which 
is life-saving but associated with potentially life-
threatening complications such as IF-associated 
liver disease (IFALD), central line-associated 
blood stream infections, and central venous 
thrombosis [2–5]. In a study that followed 268 
adult patients with SBS receiving home paren-
teral nutrition for a median of 4.4 years, the 
5-year survival rate was 70%, and the 10-year 
survival rate was 52% [6].

Moreover, PS often requires long-term support 
in the home setting, which significantly impacts 
the quality of life (QoL) of both the patient and 
their caregiver, who is usually a family member 
[7]. Impacts include a reduction in social activi-
ties, disrupted family relationships and friend-
ships, depression, and financial constraints [8, 
9]. Caregivers of children with IF spend a sub-
stantial amount of time providing direct medical 
care to their children [10].

As of 2011, there were 128 pediatric patients 
with SBS in Japan [11]. The universal healthcare 
system in Japan covers all medical services pro-
vided in hospitals and clinics. Most pediatric 
patients with SBS in Japan are treated in large 
hospitals with over 200 beds, necessitating travel 
between hospital and their homes, which may 
affect the family’s work productivity.

Teduglutide is a recombinant human gluca-
gon-like peptide  2 analogue that has been 
shown in clinical trials to reduce the need for 
PS in heterogeneous populations of both adult 
and pediatric patients with SBS [10, 12–22]. In 
April 2019, a cost-effectiveness evaluation pre-
dominantly from the public healthcare payer’s 
perspective was introduced to the pricing sys-
tem in Japan for the purpose of adjusting the 
price after a reimbursement decision. Teduglu-
tide was officially designated as a targeted drug 
for evaluation in 2021, with cost-effectiveness 
evaluated in both adult and pediatric patients 
with SBS compared with the SOC [23]. The fol-
lowing three incremental cost-effectiveness ratio 
(ICER) thresholds were used for the cost-effec-
tiveness evaluation of teduglutide for pediatric 
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patients with SBS: 7.5  million Japanese yen 
(JPY), 11.25 million JPY, and 15 million JPY 
per quality-adjusted life year (QALY), with the 
price adjustment rate increasing stepwise [24]. 
As a result of the appraisal, additional benefits 
were recognized for pediatric patients with SBS 
compared with the SOC, and the ICER in the 
cost-effectiveness assessment was evaluated to 
be over 7.5 million JPY but less than 11.25 mil-
lion JPY per QALY, from the public payer’s per-
spective. Consequently, the listed drug price was 
reduced by one level out of a maximum of three 
levels [25].

To our knowledge, there has not been a cost-
effectiveness analysis for teduglutide for the 
treatment of SBS in Japan that considers the 
impact on the caregiver’s QoL and their work 
productivity. With this in mind, and to pro-
vide a comprehensive assessment of the value 
of teduglutide for pediatric patients with SBS in 
Japan, we carried out a cost-effectiveness anal-
ysis for teduglutide compared with SOC from 
the following three perspectives: (1) the public 
healthcare payer’s perspective, (2) the public 
healthcare and long-term care payer’s perspec-
tive, and (3) the societal perspective, with analy-
ses also considering the caregiver’s burden.

METHODS

This article is based on previously conducted 
studies; the authors did not conduct any new 
studies with animals or human participants.

Overview

The target population for this cost-effectiveness 
analysis was pediatric patients with SBS in Japan. 
An average starting age for treatment of 6 years 
was used in the model, based on results from a 
24-week phase 3 trial of teduglutide in pediatric 
patients with SBS (TED-C14-006) [17, 26]. Tedu-
glutide was compared with SOC for SBS, which 
aims to alleviate symptoms through optimiza-
tion of residual intestinal function using PS and 
enteral nutrition. We conducted analyses from 
three perspectives: (1) the public healthcare 
payer’s perspective, (2) the public healthcare 

and long-term care payer’s perspective (i.e., the 
utility of caregivers was accounted for in addi-
tion to perspective 1), and (3) the societal per-
spective (i.e., productivity loss for caregivers was 
accounted for in addition to perspective 2). We 
used a Markov model with a lifetime analysis 
period and an analysis cycle of 1 month. The 
discount rate was 2% per annum for both costs 
and effects [27].

Model Structure

The model structure is shown in Fig.  1. The 
model was based on the following four health 
states, defined by the number of days that PS was 
required per week: “No PS” (without PS–PS with-
drawal state); “Low PS” (PS required 1–3 days per 
week); “Mid PS” (PS required 4–5 days per week); 
“High PS” (PS required 6–7 days per week); and 
“Death” (total of five states). Patients entered 
the analysis model based on the PS distribution 
at baseline in the TED-C14-006 trial [17, 26]. 
They could transfer reversibly between PS states 
each cycle or irreversibly transition to “Death”.

The analysis model also considered the occur-
rence of IFALD as a complication of PS. Patients 
who developed IFALD were assumed to progress 
irreversibly to liver fibrosis and cirrhosis [28]. In 
the model, teduglutide treatment was discon-
tinued if the reduction in PS from baseline to 
24 weeks was less than 20%. Of those patients 
who were still alive 2 years after the start of tedu-
glutide treatment, 15% continued treatment 
for the rest of their lives and 85% discontinued 
treatment. After discontinuation of treatment, 
there was no transition between PS states and 
only mortality was considered.

Model Inputs

The main parameters used in the analysis are 
summarized in Supplementary Table  1. The 
patients’ health status at the start of the analy-
sis and transition probabilities between PS states 
were set on the basis of the TED-C14-006 trial 
[17]. The probabilities of transitioning between 
states in the first 6 months of treatment (the 
duration of the TED-C14-006 trial) were calcu-
lated on the basis of the observed monthly PS 
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administration days in patients from the tedu-
glutide 0.05  mg/kg/day and SOC treatment 
groups. Between 7 and 24 months, teduglu-
tide was assumed to repeat the average transi-
tion probabilities seen in the final 3 months of 
the TED-C14-006 trial [17]. From 25 months 
onwards, there was assumed to be no transition 
between PS states. SOC was assumed to revert 
to the baseline distribution at 6 months, with 
no transition between states from 7 months 
onwards.

The prevalence of IFALD in patients with SBS 
was based on results of a modified Delphi sur-
vey used in the cost-effectiveness evaluation of 
teduglutide by the National Institute for Health 
and Care Excellence (NICE) in the UK [28]. 
The progression of patients with IFALD to liver 
fibrosis and cirrhosis was cited from the report 
by Cavicchi et al. [29]. We considered adverse 
events (AEs) related to treatment with both 
teduglutide and SOC with occurrence based on 
AEs experienced by at least 20% of patients in 
either the teduglutide 0.05 mg/kg/day group or 
the SOC group in the TED-C14-006 trial [17]. 
The occurrence rate of AEs after discontinuation 

of teduglutide treatment was assumed to be the 
same as that seen in the SOC treatment group. 
Mortality was set according to the PS state. Mor-
tality for patients not receiving PS was assumed 
to be the same as that of the general Japanese 
population [30]; mortality for patients in other 
PS states was estimated on the basis of the report 
by Fullerton et al. for pediatric patients with IF 
in the USA [31].

Costs

Costs related to teduglutide treatment include 
the medication cost of teduglutide and manage-
ment cost associated with self-injection. On the 
basis of the average weight of the study popula-
tion in a pediatric teduglutide clinical trial in 
Japan, the prescribed dosage of teduglutide was 
assumed to be one vial per day (at a reimburse-
ment cost of 79,300 JPY) [26, 32, 33]. Colonos-
copy costs were also included, as detailed in the 
teduglutide package insert [26, 32]. The cost 
for each PS state was calculated on the basis 
of results of a medical resource consumption 

Fig. 1   Model structure. IFALD intestinal failure-associated liver disease, PS parenteral support
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survey (targeting physicians who treat patients 
with SBS) [34], and according to the medical ser-
vice fee point summary and drug price standard 
[32, 35]. Treatment costs associated with AEs 
were estimated on the basis of the guidelines and 
the expected treatment, with costs set according 
to medical service fee point summary and drug 
price standard [32]. For AEs for which additional 
treatment is not necessary or that can be man-
aged with over-the-counter drugs, no cost was 
assumed. The cost for treating IFALD was set on 
the basis of the study by Ikeda et al. [36].

Utilities

As there are no reported utilities in the litera-
ture for pediatric patients with SBS based on 
the number of days of PS required, we used the 
mean utility scores from a study of adult patients 
in the UK [37] to set the following utility values 
for each PS state: No PS, 0.820; Low PS, 0.717; 
Mid PS, 0.545; High PS, 0.385. We set the utility 
value for IFALD on the basis of a study by Hirao 
et al. [38] and used the weighted average value 
(0.830) of utilities for chronic hepatitis (inactive 
and active) and liver cirrhosis (compensated and 
decompensated) for both hepatitis B and hepati-
tis C. The utility reduction due to AEs was set on 
the basis of referenced literature [38].

The main parameters related to caregiver util-
ity are summarized in Supplementary Table 2. 
We considered caregiver utility based on the PS 
state of the care recipient, with caregiver util-
ity derived from the results of the EQ-5D survey 
completed by caregivers of patients with SBS in 
the UK [39]. The utility for caregivers in the “No 
PS”, “Low PS”, “Mid PS”, and “High PS” patient 
states was accumulated over the analysis period.

Productivity Loss

Productivity loss for pediatric patients with SBS 
was not considered but productivity loss for 
caregivers was included. The main parameters 
related to caregiver productivity loss are summa-
rized in Supplementary Table 2 and are based on 
the results of a Work Productivity and Activity 
Impairment (WPAI) survey conducted on car-
egivers of patients with SBS in the UK (the same 

source as used for caregiver utilities), taking into 
account the PS state of the care recipient [39]. 
The gender ratio of caregivers, employment rate, 
percentage of caregivers in regular employment, 
percentage of full-time stay-at-home parents 
of either sex, average wages, and the value of 
unpaid labor were set by extrapolating from 
Japanese national statistics for the population 
[40–43]. On the basis of the opinions of Japa-
nese and global medical specialists, the number 
of caregivers per patient was assumed to be 1.5 
caregivers for patients under 18 years of age, 
and 0.8 caregivers for patients aged 18 years and 
over. The gender ratio of caregivers was based on 
the ratio published by the Ministry of Internal 
Affairs and Communications [42], and the age of 
caregivers was assumed to be 50 years through-
out the analysis period.

Analysis Methods: Base‑Case Analysis

The QALYs and ICERs were calculated to assess 
the cost-effectiveness of teduglutide compared 
with SOC. For the base-case analysis, we con-
ducted the cost-effectiveness analyses from (1) 
the public healthcare payer perspective, (2) the 
public healthcare and long-term care payer per-
spective, and (3) the societal perspective using 
the analysis conditions and base value param-
eters described above and in Supplementary 
Tables 1 and 2.

Analysis Methods: Sensitivity Analyses

For the societal perspective (3), the most com-
prehensive analysis, we conducted a determinis-
tic sensitivity analysis (DSA) and a probabilistic 
sensitivity analysis (PSA). The setting range and 
distribution of each variable are provided in Sup-
plementary Tables 1 and 2.

For the DSA, the sensitivity analysis range was 
set on the basis of the 95% confidence inter-
val (CI). For parameters without a 95% CI, a 
range of ± 20% was used. The discount rate was 
set within the range of 0–4% according to the 
cost-effectiveness evaluation guidelines [27]. 
Parameters of the survival function for mortality 
were assumed to follow a multivariate normal 
distribution; for PS state transition probabilities, 
the 2.5th and 97.5th percentiles of the Dirichlet 
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distribution function were set as lower and 
upper limits, respectively. The analysis results 
were presented using tornado diagrams, high-
lighting the top 10 variables with the largest 
variation.

For the PSA, QoL values were assumed to fol-
low a beta distribution for probabilities (exclud-
ing PS state transition probabilities), costs were 
assumed to follow a gamma distribution, PS state 
transition probabilities were assumed to fol-
low a Dirichlet distribution, and survival curve 
parameters were assumed to follow a multivari-
ate normal distribution. For parameters without 
reported or estimable standard errors (SE), a SE 
value of 10% of the set value was assumed. We 
generated random numbers following the speci-
fied probability distributions for each parameter, 
and the simulation was performed by conduct-
ing 10,000 data extractions.

Analysis Methods: Scenario Analyses

Two different scenario analyses were conducted 
for perspective (2), the public healthcare and 
long-term care payer perspective. In scenario 1, 
the decreased utility (negative value; taken from 
the UK study) [39] of the caregiver from “No 
PS” to “Low PS”, “Mid PS”, and “High PS” was 
cumulatively added to the utility of the patient 
over the analysis period; the utility of caregivers 

in the “No PS” state was assumed to be zero (the 
decrement method). In scenario 2, the state-
specific utility of caregivers of patients with SBS 
was obtained using the Delphi method (utility 
values for this scenario are shown in Supple-
mentary Table 2) [44]. Similarly, two different 
scenario analyses were also conducted for the 
societal perspective (3). In scenario 3, the analy-
sis combined the conditions of scenario 1 with 
the productivity loss of the caregiver (decrement 
method and productivity loss). In scenario 4, the 
analysis combined the conditions of scenario 2 
with the productivity loss of the caregiver (Del-
phi panel and productivity loss).

RESULTS

Base‑Case Analysis

The results of the base-case analysis are pre-
sented in Table 1. From the public healthcare 
payer perspective (1), the incremental effective-
ness of teduglutide over SOC was 10.152 QALYs 
with incremental costs of 96,786,684 JPY. This 
gave an ICER of 9,533,412 JPY per QALY. From 
the public healthcare and long-term care pay-
er’s perspective (2), the incremental effect of 
teduglutide over SOC was 15.276 QALYs with 

Table 1   Results of the base-case analysis

ICER incremental cost-effectiveness ratio, JPY Japanese yen, QALY quality-adjusted life year, SOC standard of care

Strategy Cost ( JPY) Incremental cost 
( JPY)

QALY Incremental 
QALY

ICER (cost/QALY)

Perspective 1: public healthcare payer

 Teduglutide 254,562,866 96,786,684 22.421 10.152 9,533,412

 SOC 157,776,182 – 12.268 – –

Perspective 2: public healthcare and long-term care payer

 Teduglutide 254,562,866 96,786,684 55.023 15.276 6,335,980

 SOC 157,776,182 – 39.747 – –

Perspective 3: societal

 Teduglutide 291,957,668 53,623,459 55.023 15.276 3,510,371
 SOC 238,334,209 – 39.747 – –



4469Adv Ther (2024) 41:4463–4475	

incremental costs of 96,786,684 JPY. This gave 
an ICER of 6,335,980 JPY per QALY. The incre-
mental effect of teduglutide over SOC on car-
egivers was 5.123 QALYs. From the societal 
perspective (3), the incremental effect of tedu-
glutide over SOC was 15.276 QALYs with incre-
mental costs of 53,623,459 JPY. This gave an 
ICER of 3,510,371 JPY per QALY. The incremen-
tal effect of teduglutide over SOC on caregivers 
was 5.123 QALYs. The caregiver’s productivity 
gain was 43,163,225 JPY.

Sensitivity Analyses

The results of the DSA for the societal per-
spective (3) are shown in Fig. 2. The top three 
parameters with the most impact on the ICER 
were “discontinuation rate at year 2 for No PS”, 

“discount rate for effectiveness”, and “discount 
rate for cost”. The results of the PSA for the soci-
etal perspective (3) are shown in Fig. 3. The aver-
age incremental effect over 10,000 simulations 
was 10.08 QALY and the average incremental 
cost was 63.57 million JPY (Fig. 3a). When an 
ICER value of 7.5 million JPY per QALY (the 
threshold value for price adjustments for pedi-
atric patients with SBS in Japan) was used, the 
probability of teduglutide being cost-effective 
was 59.3% (Fig. 3b).

Scenario Analyses

The results of the scenario analyses are presented 
in Table 2. From the public healthcare and long-
term care payer’s perspective (2), the incremen-
tal effect of teduglutide over SOC for scenario 1 

Fig. 2   Results of deterministic sensitivity analysis (soci-
etal perspective). †The sensitivity analysis range was set 
on the basis of the 95%  CI. ‡Values based on 1.5 caregiv-
ers for the patients under 18  years of age and 0.8 caregiv-
ers for patients 18  years of age and older. The 2.5% and 

97.5% points of the Dirichlet distribution were set as the 
lower and upper limits, respectively. CI confidence interval, 
ICER incremental cost-effectiveness ratio, JPY Japanese 
yen, OWI overall work impairment, PS parenteral support, 
QALY quality-adjusted life year, TED teduglutide
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was 12.090 QALYs and the ICER was 8,005,541 
JPY per QALY. From the same perspective for 
scenario 2, the incremental effect of teduglu-
tide over SOC was 18.384 QALYs and the ICER 
was 5,264,812 JPY per QALY. From the societal 

perspective (3), the incremental cost of tedu-
glutide over SOC for scenario 3 was 53,623,459 
JPY and the ICER was 4,435,371 JPY per QALY. 
From the same perspective for scenario 4, the 
incremental cost of teduglutide over SOC was 

Fig. 3   Results of the probabilistic sensitivity analysis (soci-
etal perspective). Data show a scatter plots of incremental 
costs and incremental QALYs and b the cost-effectiveness 

acceptance curve. ICER incremental cost-effectiveness 
ratio, JPY Japanese yen, QALY quality-adjusted life year
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53,623,459 JPY and the ICER was 2,916,903 JPY 
per QALY.

DISCUSSION

Caring for patients with SBS imposes signifi-
cant mental and physical burden on caregiv-
ers, especially in the case of pediatric patients. 
Therefore, incorporating the extent of allevia-
tion of caregiver burden is crucial when evaluat-
ing the value of teduglutide treatment. To this 
end, we conducted a cost-effectiveness analysis 
of teduglutide versus SOC for pediatric patients 
with SBS in Japan from multiple perspectives, 
considering the caregiver’s burden. The ICER 
for teduglutide versus SOC was approximately 
9.5 million JPY/QALY from the public healthcare 
payer’s perspective, 6.3 million JPY/QALY from 
the public healthcare and long-term care payer’s 
perspective, and 3.5 million JPY/QALY from the 
societal perspective. Based on the threshold for 

cost-effectiveness evaluation of teduglutide for 
pediatric patients with SBS in Japan (7.5 mil-
lion JPY per QALY) [23, 24], the probability that 
the cost-effectiveness of teduglutide is favorable 
from a societal perspective was 59.3%.

In our scenario analyses from multiple per-
spectives, we applied both caregiver disutili-
ties and utilities because there is debate among 
researchers about which method to use. When 
caregiver disutilities were applied, the ICER was 
approximately 8.0 million JPY per QALY from 
the public healthcare and long-term care pay-
er’s perspective and 4.4 million JPY per QALY 
from the societal perspective. These ICERs were 
higher than when caregiver’s utilities were 
applied (approximately 5.3  million JPY per 
QALY from the public healthcare and long-term 
care payer’s perspective and 2.9 million JPY per 
QALY from the societal perspective). Applying 
caregiver utilities leads to a larger incremen-
tal effect compared with applying disutilities 
because an extension to a patient’s survival 
years adds QALYs for the caregiver. Conversely, 

Table 2   Results of the scenario analyses

ICER incremental cost-effectiveness ratio, JPY Japanese yen, QALY quality-adjusted life year, SOC standard of care

Strategy Cost ( JPY) Incremental cost 
( JPY)

QALY Incremental 
QALY

ICER (cost/QALY)

Perspective 2: public healthcare and long-term care payer

 Scenario 1. Decrement method

  Teduglutide 254,562,866 96,786,684 20.806 12.090 8,005,541

  SOC 157,776,182 – 8.716 – –

 Scenario 2. Delphi panel

  Teduglutide 254,562,866 96,786,684 52.205 18.384 5,264,812

  SOC 157,776,182 – 33.821 – –

Perspective 3: societal

 Scenario 3. Decrement method and productivity loss

  Teduglutide 291,957,668 53,623,459 20.806 12.090 4,435,371

  SOC 238,334,209 – 8.716 – –

 Scenario 4. Delphi panel and productivity loss

  Teduglutide 291,957,668 53,623,459 52.205 18.384 2,916,903
  SOC 238,334,209 – 33.821 – –
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subtracting caregiver disutilities from patient 
utilities during the extended survival years leads 
to a smaller effect [45]. The different results 
from the disutilities approach challenge the 
conventional approach of evaluating the value 
of treatment based on the extension of survival 
years. The Institute for Clinical and Economic 
Review in the USA has pointed out that there 
is the potential for “counter-intuitive” findings 
when using a caregiver disutility approach [45]. 
In another of our scenario analyses, caregiver 
utilities as assessed by a Delphi panel were lower 
in terms of PS state-specific utilities than those 
obtained from the EQ-5D survey. This resulted 
in lower ICER values in the scenario analyses 
compared with the base analysis. As the two 
surveys used different evaluation scales, results 
cannot be directly compared. The same would 
be true when comparing results obtained using 
the time trade-off method. In all scenario analy-
ses, consistent with the base-case analysis, the 
ICERs for teduglutide compared with SOC were 
significantly different when the caregiver util-
ity or caregiver productivity loss (depending on 
the analysis) were considered, highlighting the 
impact of including these considerations on the 
outcomes of cost-effectiveness analyses.

In the current cost-effectiveness evaluation 
system in Japan, it is possible to present analy-
ses that consider the impact on the utilities of 
caregivers or nurses, including family members. 
However, the appraisal and price adjustments are 
generally based on ICER from the perspective of 
the public healthcare payer and, in reality, anal-
yses from the perspective of the public health-
care and long-term care payer are not considered 
for final decision-making [27]. Conversely, in 
the NICE health technology assessment man-
ual, it states that “evaluations should consider 
all health effects for patients, and, when rele-
vant, caregivers. When presenting health effects 
for caregivers, evidence should be provided to 
show that the condition is associated with a sub-
stantial effect on the caregiver’s health-related 
quality of life and how the technology affects 
caregivers (4.3.17)” [46]. However, it should be 
noted that productivity costs are not included 
in reference cases in the NICE manual, in line 
with the evaluation system in Japan. Consider-
ing the difference between healthcare systems 

and policies between countries, there is no one 
correct way to carry out assessments. However, 
our analysis demonstrates that it is important to 
carry out evaluations from multiple perspectives 
to inform decision-making.

There were some limitations to our study. 
As SBS is a rare disease, there is a lack of long-
term epidemiological data and limited clinical 
research against which our results can be vali-
dated. The phase  3 trial (TED-C14-006) [17] 
conducted in North American and European 
patients, which was the source of input data 
(e.g., patient background and transition prob-
abilities), and the UK adult patient data that 
was used to estimate patient utilities, caregiver 
utilities, and caregivers’ WPAI scores [37, 44], 
may not accurately reflect the situation for SBS 
in Japan. However, it has been shown that there 
is no significant difference in the pathology of 
SBS between Japan and other countries, and the 
causes leading to SBS are similar [47, 48]. Fur-
thermore, in the Japanese phase 3 trial (SHP633-
302) [10], no differing trends were observed 
compared to the international phase  3 trial 
(TED-C14-006) [17], indicating no significant 
differences between Japan and other countries. 
The use of caregiver utilities derived from a sur-
vey of caregivers of adult (not pediatric) patients 
with SBS in the UK is nevertheless an unavoid-
able limitation of our study. Cost data or wage 
and employment rates used to estimate produc-
tivity reflect the current situation in Japan as 
accurately as possible and is a strength of our 
study.

CONCLUSION

We conducted cost-effectiveness analyses of 
teduglutide versus SOC for pediatric patients 
with SBS in Japan from multiple perspectives, 
considering the caregiver’s burden. Our analysis 
suggests that for diseases with a significant car-
egiver burden, such as SBS, incorporating this 
aspect could contribute to a more comprehen-
sive assessment of the value that treatments can 
bring to patients, their families, and society. As 
a result, this approach could potentially affect 
the appraisal process for future cost-effectiveness 
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evaluation and help guide more appropriate 
resource allocation within the medical insurance 
system in Japan.
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