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ABSTRACT
Background: Short children born small for gestational 

age (SGA) may be at increased risk for long-term mor-
bidity and reduced health-related quality of life (HRQoL) 
due to their short stature. Normalization of height in 
childhood and adolescence is possible in such children 
via the use of the recombinant human growth hormone 
somatropin.

Objective: The aim of this study was to determine 
whether somatropin was a cost-effective treatment op-
tion in short children born SGA.

Methods: A decision analytic model was constructed 
to calculate the cost-effectiveness of somatropin treat-
ment versus no treatment over the lifetime of a short 
individual born SGA, from the perspective of the UK 
National Health Service (NHS). The model was based 
on patient-level data from a multicenter, double- 
blind, randomized controlled trial that reported the 
effects of somatropin on final (adult) height in short 
children born SGA. Health care resource and drug costs 
associated with each of the treatment arms were con-
sidered, and published utility scores were used to cal-
culate improvement in HRQoL. The model calculated 
incremental costs and incremental quality-adjusted 
life-years (QALYs) associated with somatropin treat-
ment compared with no treatment. Cost-effectiveness 
was expressed as incremental cost per QALY and cost 
per centimeter of height gained.

Results: Over a patient’s lifetime, somatropin  
(0.033 mg/kg/d) treatment was associated with a height 
gain of 16.12 cm and a cost per centimeter of height 
gained of £4359 compared with no treatment. The 
incremental cost of somatropin treatment was £70,263, 
with a QALY gain of 2.95, resulting in an incremental 
cost per QALY of £23,807—below the widely accepted 
cost-effectiveness threshold in the United Kingdom of 
£30,000.

Conclusion: In this model, somatropin was a cost-
effective treatment option for short children born SGA 

from the perspective of the UK NHS. (Clin Ther. 2010; 
32:1068–1082) © 2010 Excerpta Medica Inc.

Key words: cost-effectiveness, somatropin, small for 
gestational age, Norditropin, cost-utility.

INTRODUCTION
Growth hormone (GH) is an essential endogenous fac-
tor required for normal growth in children. Growth is 
increased by the direct action of GH on the growth 
plates and by the production of insulin-like growth 
factor (IGF), which is stimulated by GH secretion.  
A variety of conditions characterized by growth fail- 
ure or growth retardation, including GH deficiency 
(GHD), Turner’s syndrome, chronic renal insuf- 
ficiency, and short stature associated with being small 
for gestational age (SGA) at birth, are current- 
ly treated with the recombinant human GH (rhGH) 
somatropin.

The definition of SGA is a shorter-than-average birth 
length and/or low birth weight (<–2 height SD scores 
[HSDS] of the mean),1 both of which might lead to 
significant health consequences. Short children born 
SGA have a significantly increased risk for failing to 
reach a normal adult height2 and for diabetes mellitus 
and cardiovascular disease.3

Approximately 5% of all newborns are born SGA.4 
Although the majority of children will catch up to 
normal height by 2 years of age, ~15% fail to catch up 
to a height >–2 HSDS from the mean.3,5 In a clinical 
trial of long-term (mean, 7.8 years), continuous treat-
ment with somatropin (0.033 mg/kg/d) in children born 
SGA who failed to catch up naturally within 2 years, 
85% reached a normal adult height (>–2 HSDS from 
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centimeter gained was included to facilitate a comparison 
with a previously published NICE assessment of soma-
tropin treatment in children of short stature.13

METHODS
A decision analytic model was constructed in Excel 
(Microsoft Corporation, Redmond, Washington) to 
compare the cost-effectiveness of a somatropin regimen 
(0.033 mg/kg/d) with no pharmacologic intervention 
in the treatment of short children born SGA (Figure 1), 
from the perspective of the UK National Health Service 
(NHS). The model included 3 health states: treated with 
rhGH, not treated, and dead.

The model considered an average short patient with 
SGA, assigning an average height and HSDS at the start 
based on a long-term, multicenter, double-blind, ran-
domized clinical trial that considered the effects of 
somatropin on long-term growth and adult height in 
short children born SGA (data on file, Novo Nordisk 
Ltd. study no. GHRETARD/BPD/14-20-21/NL, 2007) 
and estimates the annual impact that somatropin treat-
ment would have on HSDS compared with no treatment. 
Patients in the treatment cohort received a benefit of 
an additional HSDS gain relative to patients in the no-
treatment cohort. The model assumed that children 
would be treated with somatropin for a mean of 9 years 
(in line with the mean duration of treatment in the SGA 
clinical trial) and that for each year of treatment a daily 
subcutaneous injection of somatropin was adminis- 

the mean), while 98% reached an adult height within 
their target height range (defined as ±2 HSDS).6

A UK-based study by Christensen et al7 reported the 
negative impact that short stature can have on health-
related quality of life (HRQoL). A search of the literature 
suggested that this was the first published study to 
demonstrate a link between short stature and a poorer 
quality of life in the United Kingdom. It used the concept 
of HRQoL, which combines a person’s physical, psy-
chological, and social well-being into a single outcome 
measure or utility score.8 Health technology assessment 
agencies, such as the National Institute for Health and 
Clinical Excellence (NICE) in the United Kingdom, use 
utility data in the assessment of the cost-effectiveness 
of medical interventions and the subsequent provision 
of national guidance on the promotion of good health. 
These analyses capture outcomes in the form of a cost 
per quality-adjusted life-year (QALY), which combines 
the cost of an intervention with the quantity and quality 
of life that the treatment provides and indicates the 
additional costs required to generate an additional year 
of perfect health (1 QALY).9 In this way, cost-per-QALY 
ratios can be used to assess and compare the benefits 
afforded by various health care interventions across 
different disease states. In the United Kingdom, the 
widely accepted threshold for cost-effectiveness is 
£30,000/QALY.10

This study set out to determine the cost-effectiveness 
of rhGH (somatropin) in the treatment of short children 
born SGA, using the established clinical evidence for 
somatropin (data on file, Novo Nordisk Ltd. study no. 
GHRETARD/BPD/14-20-21/NL, 2007) and health 
utility data from the study by Christensen et al.7 A 
previously reported US-based study by Joshi et al11 
estimated the cost-effectiveness and cost-utility of so-
matropin in the treatment of GHD in children and ado-
lescents, but their analysis did not extend to short children 
born SGA. This analysis considers the incremental cost 
per QALY and the cost per centimeter of height gained 
associated with somatropin treatment. Somatropin treat-
ment (0.033 mg/kg/d) was compared with a nonphar-
macologic drug treatment (classified as no treatment for 
the purposes of this economic analysis) in short children 
born SGA. Although the effects of a high-dose somatropin 
treatment regimen (0.067 mg/kg/d) were also assessed 
in the clinical study, this dose is not licensed in the 
United Kingdom for the treatment of short children 
born SGA and therefore was not considered in the pres-
ent economic analysis.12 The outcome of cost per 

Alive and 
not treated 

with GH

Alive and 
treated 
with GH

Dead*

Figure 1.  Schematic of decision analytic model. 
The structure of the model is best visual-
ized as a Markov model with the flow of 
patients as depicted above. GH = growth 
hormone. *Rate of death was assumed to 
be equal in both treatment arms.
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hand, blood tests, and community and specialist nurse 
visits) was derived from a health technology assessment 
report conducted in conjunction with the 2002 assess-
ment of rhGH by NICE,18 and validated as pertinent 
to SGA by a consultant pediatric endocrinologist based 
in the United Kingdom. Utility data were derived from 
the UK-based study by Christensen et al.7

Efficacy
Clinical data were based on those from the somat-

ropin trial as reported by van Pareren et al6 and Bannink 
et al.19 The trial originally enrolled 79 short children 
born SGA who were randomized to receive low-dose 
(0.033 mg/kg/d) or high-dose (0.067 mg/kg/d) somat-
ropin.6 Twenty-six children were defined as having 
GHD and born SGA and were therefore excluded from 
the analysis; only children with SGA alone were con-
sidered. Thirty-eight short children born SGA completed 
the study and reached adult height (classified as a de-
crease in height velocity to ≤2 cm/y). The remaining  
15 children were classified as still growing (height  
velocity, >2 cm/y) (n = 6) or withdrew from treatment 
for personal reasons (n = 9). None of the withdrawals 
were due to adverse events. The 38 completers were 
classified as appropriate for the intent-to-treat adult 
height analysis at the end of the study. Nineteen children 
were excluded from the present analysis because they 
were treated with the high dose of somatropin, which 
is not European Agency for the Evaluation of Medicinal 
Products (EMEA)-licensed for use in the United King-
dom, and it was considered inappropriate to include an 
assessment of an off-label dose. This economic analysis 
considered the intent-to-treat population of patients in 
the low-dose arm (0.033 mg/kg/d; EMEA-licensed dose), 
those classified as non-GHD, patients with a height 
<–2.0 HSDS, and participants who remained in the trial 
until they attained adult height (n = 19).

The somatropin trial comprised an initial 2-year 
study period, with subsequent extensions to allow treat-
ment to adult height. GH treatment was continued for 
an additional 13 years. The demographic characteristics 
of the study population considered in the model are 
summarized in Table I (data on file, Novo Nordisk Ltd. 
study no. GHRETARD/BPD/14-20-21/NL, 2007). The 
trial used to derive efficacy data within this analysis 
captured adult height and reported on 15 years of results. 
These data were extrapolated to the time horizon of 
the model (≤100 years) because the benefits associated 
with the attainment of adult height during the 15 years 

tered. The daily somatropin dose was calculated ac-
cording to mean patient weight in the trial. The model 
considered the cost of somatropin together with the 
costs of associated health care resources of each of the 
treatment regimens.

To determine the long-term benefits attributable to 
the increases in HSDS, a lifetime horizon was used, and 
as such, the UK population mortality rates were applied 
in each year of the model, with equal mortality rates 
applied for both treated and untreated patients.14

The model assumed that the increase in HSDS, or 
“catch-up” growth, would occur over the initial 2 years 
of the model and that patients would continue with this 
final mean adult HSDS for the remainder of the model. 
The 2-year time frame of catch-up growth was consis- 
tent with the rate of increase in HSDS reported by van 
Pareren et al.6 However, this assumption was tested in 
a sensitivity analysis. For each year of the model, a 
utility value was estimated based on the HSDS achieved 
by the patients using the HRQoL data from the UK 
study by Christensen et al,7 which permitted the calcula-
tion of QALYs.

Cost-effectiveness was expressed as incremental cost 
per QALY and as cost per centimeter of height gained 
(in accordance with the previous NICE assessment on 
the use of rhGH in children with growth failure associ-
ated with GHD, Turner’s syndrome, and chronic renal 
insufficiency13). Results are presented using a set of 
base-case assumptions. Sensitivity analyses were used 
to assess the impact of varying base-case parameters 
(including compliance, dose of somatropin administered, 
and the time at which patients catch up with the normal 
height growth curve).

Costs and utility outcomes that occurred beyond the 
first year of treatment were discounted at a rate of 3.5% 
in line with current treasury guidelines in the United 
Kingdom.15 The effects of varying the discount rate 
were assessed in the sensitivity analysis.

Data Sources
The economic analysis and all clinical data used in 

the model were based on those from the somatropin 
trial (data on file, Novo Nordisk Ltd. study no.  
GHRETARD/BPD/14-20-21/NL, 2007). Costs were 
derived from published sources including the British 
National Formulary16 and unit costs of health and social 
care.17 Costs included in the model were based on 
2007–2008 prices. The frequency of use of health care 
resources (endocrinologist visits, radiography of the 
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group was assumed to have started at the same height 
as the somatropin-treated group. Near–adult-height 
data from untreated short children born SGA were 
sourced from the Childhood Growth Foundation (boys, 
157 cm; girls, 144 cm)22—a mean near–adult height of 
151.7 cm was assumed in untreated patients, as calcu-
lated based on the proportion of boys and girls in the 
study. It was also assumed that untreated patients gained 
+0.3 HSDS as determined from a cohort of matched 
untreated short children born SGA described by van 
Pareren et al.6

Utility Data 
Short stature has previously been reported to have 

a negative impact on many social factors during child-
hood and adult life.23 The UK-based study assessed the 
relationship between height and utility in 14,416 adults 
(aged ≥18 years).7 Utility was measured using the  
EuroQoL (EQ-5D) questionnaire to assess 5 dimensions 
of health (mobility, self-care, usual activities, pain/ 
discomfort, and anxiety/depression).24 Each dimension 
comprised 3 levels (no problems, some/moderate prob-
lems, and extreme problems). Using a specific British 
EQ-5D scoring algorithm,25 the 5 domains were sum-
marized into a single utility score for different HSDS ranges 
(Table II).7 Utility values and thus HRQoL were report- 
ed to be positively correlated with increasing height.7

In this analysis, utility scores were used to calculate 
the improvement in utility with each treatment regimen 
over the lifetime of the patient, according to the study 
by Christensen et al.7 The use of banded HSDS, such 

of the study extend over a patient’s lifetime. A meta-
analysis of pooled data from other SGA clinical trials 
that assessed height in patients born SGA was not 
deemed feasible due to the heterogeneity of individual 
studies and patients’ characteristics. However, similar 
clinical outcomes have been reported by Albanese et 
al20 and Clayton.21 Both of those studies had population 
sizes and treatment durations that were comparable to 
those in the study by van Pareren et al6 on which the 
current assessments were based.

In this economic analysis, pretreatment and post-
treatment heights in patients treated with somatropin 
were based on clinical trial data (data on file, Novo 
Nordisk Ltd. study no. GHRETARD/BPD/14-20-21/
NL, 2007) (108.53 and 167.87 cm, respectively) and 
are expressed as HSDS values (Table I). The mean start 
HSDS in the somatropin-treated group was –3.12, and 
the mean adult HSDS at the end of the study was –1.14. 
A placebo-controlled (no-treatment) group was not 
included in the somatropin clinical trial because provid-
ing no treatment was considered unethical given the 
well-known beneficial treatment effects of somatropin. 
In clinical practice, patients might be prescribed GH 
therapy or remain untreated for a variety of reasons, 
such as an unwillingness to commit to long-term treat-
ment, clinician or parent/child choice, or cost impli- 
cations. Therefore, no treatment was deemed to be a 
relevant comparator because the only pharmacologic 
treatment options available in clinical practice are rhGH 
and no treatment. To enable a comparison of somatropin 
regimens with no treatment in this analysis, the untreated 

Table I.  Demographic and clinical characteristics of a somatropin-treated population consid-
ered in the model. Data are patient level for trial participants small for gestational age 
(mean [SD]).

  End of Treatment or  
 Start of Treatment Near–Adult Height 
Characteristic (n = 19) (n = 19)

Age, y 6.98 (2.24) 16.43 (1.19)
Somatropin dose, mg/kg/d 0.034 (0.20) –
Weight, kg 17.0 (5.1) 48.0 (8.40)
Height, cm 108.53 (13.19) 167.87 (6.81)
HSDS –3.12 (0.70) –1.14 (0.65) 

Data on file, Novo Nordisk Ltd. study no. GHRETARD/BPD/14-20-21/NL, 2007.
HSDS = height SD scores.
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poor compliance has been identified as a reason for 
suboptimal results in the treatment of GH-deficient 
children.27 An evidence-based analysis of rhGH efficacy 
estimated treatment compliance to be 90%, correspond-
ing to ~3 missed injections per month—this assumption 
was applied to the cost-effectiveness analysis. The impact 
of an assumed compliance rate of 100% was assessed 
in a sensitivity analysis that assumed that the change 
in compliance had no impact on efficacy.

Health Care Resource Utilization
The frequency and costs associated with resource 

use are shown in Table IV and were based on data from 
a health technology assessment conducted by Bryant et 
al18 in 2002 and confirmed by a pediatric consultant 
endocrinologist based in the United Kingdom. In a 
scenario in which all short children born SGA were 
assumed to have visited an endocrinologist, untreated 
children were predicted to have fewer endocrinologist 
appointments than those administered somatropin  
(2 visits vs 3 or 4 visits per year, respectively; Table IV). 

as those in the aforementioned study (Table II), is limited 
due to banding occurring at 0.5-HSDS increments. This 
large band increment means that utility benefits relating 
to increases in height would not be captured if a patient 
failed to move into a higher HSDS band. Therefore, to 
more accurately capture the benefit in utilities associated 
with somatropin treatment, a linear interpolation was 
conducted using the midpoint of the published HSDS 
bands7 to determine a utility value for each 0.01-HSDS 
increment. The utility value remained at 0.687 if HSDS 
fell below –3, in line with the utility value for –3 HSDS 
as described in the study by Christensen et al. This ap-
proach was considered conservative because unless the 
HSDS exceeded –3, the utility benefit associated with 
increases in height would not be captured.

Drug Costs
The mean daily per-patient cost of somatropin was 

based on a unit cost of £21.39/mg (somatropin 1.5-mL 
cartridge [5 mg] cost £106.9526), the daily dose, and the 
annual mean weight of the patient (data on file, Novo 
Nordisk Ltd. study no. GHRETARD/BPD/14-20-21/
NL, 2007). As expected with a cohort of children, the 
mean population weight increased annually throughout 
the treatment period (Table III).

Compliance rates for adherence to somatropin treat-
ment were not reported in the somatropin trial. However, 

Table II.  Utility scores associated with height SD 
scores (HSDS) categories.7 Data are 
mean (SD).

HSDS Category* Utility Score

<–3.000 0.687 (0.287)
–3.000 to <–2.500 0.744 (0.279)
–2.500 to <–2.000 0.801 (0.261)
–2.000 to <–1.500 0.819 (0.244)
–1.500 to <–1.000 0.831 (0.244)
–1.000 to <–0.500 0.850 (0.234)
–0.500 to <–0.000 0.864 (0.223)
0.000 to <0.500 0.881 (0.201)
0.500 to <1.000 0.887 (0.202)
1.000 to <1.500 0.889 (0.191)
1.500 to <2.000 0.899 (0.191)
2.000 to <2.500 0.901 (0.199) 

* A negative f igure represents a height below the mean 
of the normal population.

Table III.  Increases in weight over the course of so-
matropin treatment.* Data are mean (SD).

Treatment Weight, 
Year kg

1 17.0 (5.1)
2 20.5 (6.1)
3 23.8 (7.1)
4 28.6 (9.1)
5 32.8 (10.2)
6 37.9 (10.8)
7 41.1 (9.6)
8 43.6 (10.1)
9 44.4 (8.7)
10 48.0 (8.4)
11 53.7 (8.4)
12 54.9 (8.4)
13 53.8 (2.1)
14 56.0 (0.0)
15 56.0 (0.0) 

Data on file, Novo Nordisk Ltd. study no. GHRETARD/
BPD/14-20-21/NL, 2007.
* Weight and height are correlated; therefore, in a co-

hort of patients treated with a high dose of growth 
hormone, a greater increase in weight over time would 
be expected as patients are more likely to grow.
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assumed to have increased with age. For the purposes 
of the 1-way sensitivity analysis, weight was not varied 
in each age group independently; it was varied propor-
tionately by ±20% across all age groups. Resource use 
was varied by frequency of visits, between 0 and the 
maximum number of visits (eg, for radiography or 
endocrinologist consultation). Finally, a variation of 
between 0% and 100% was applied to resource costs. 
Any variable that might vary the conclusions of the base-
case analysis was subjected to threshold analyses.

Key assumptions were tested in series of 6 scenario 
analyses. The inclusion of only patients who fulfilled 
the criteria for the EMEA-approved indication for rhGH 
(ie, a height <–2.5 HSDS) was considered to assess whether 
the inclusion of patients with a height <–2.5 HSDS influ-
enced the overall cost per QALY. A scenario was also 
considered that reflected the EMEA-approved dose  
of somatropin (0.035 mg/kg/d), compared with the 
0.033-mg/kg/d dose derived from the clinical trial and 
implemented in the base case (data on file, Novo Nordisk 
Ltd. study no. GHRETARD/BPD/14-20-21/NL, 2007). 
The compliance rate was assumed to have been 90% 
for somatropin treatment in the base-case analysis; for 
completeness, a compliance rate of 100% was tested. 
Perfect compliance is unlikely in clinical practice. Catch-
up growth was assumed to have occurred within 2 years 
of treatment, based on findings from the study by van 
Pareren et al,6 and it was considered that the time scale 
for catch-up growth might vary in clinical practice. A 
scenario was analyzed in which this period was varied 
within a plausible range (1–5 years, and at near–adult 
height if catch-up growth was not deemed to occur 
within 5 years) to assess the effect that time to catch-up 
growth would have on the overall incremental cost-
effectiveness ratio (ICER). Findings from the study by 
van Pareren et al were also the basis for the assumption 
that untreated short children born SGA have an increase 
in HSDS of 0.3. To reflect that this may not be the case 
in clinical practice, exclusion of this height increase was 
considered in an additional scenario. In the base case, 
untreated children were assumed to have visited an en-
docrinologist twice a year. Scenario analyses were con-
ducted in which untreated patients were assumed not to 
have required endocrinologist visits. It was considered 
that a disproportionate share of QALY benefits may 
occur in childhood. Therefore, a scenario was included 
that assumed that utility benefits occurred after 5 years, 
at near–adult height, or at 18 years of age to determine 
the overall effects on the ICER. The aim of these 6 sce-

A scenario in which untreated patients did not visit  
an endocrinologist was also considered. Resources 
specific to somatropin treatment were radiography of 
the hand, blood tests, and visits with community and 
specialist nurses.

As mentioned, there were no withdrawals due to 
adverse events in the somatropin trial. Adverse events 
were infrequent and of mild intensity (data on file, Novo 
Nordisk Ltd. study no. GHRETARD/BPD/14-20-21/
NL, 2007). The EMEA summary of product character-
istics states, “Adverse reactions in children are rare. …
Headache has been reported with an incidence of  
0.04 per patients per year.”29 Consequently, adverse 
events were not considered in this economic analysis.

Treatment failure of somatropin (ie, nonresponse) in 
children born SGA is rare (data on file, Novo Nordisk 
Ltd. study no. GHRETARD/BPD/14-20-21/NL, 2007). 
However, children might discontinue treatment once a 
satisfying height is reached, as opposed to achieving 
target adult height. To allow for different rates of growth, 
this model considered the mean heights of the intent-to-
treat population at the start and end of GH treatment.

Key assumptions in this model were as follows: 
maximum catch-up growth occurred at 2 years6; the 
compliance rate for somatropin treatment was 90%27; 
untreated children had an HSDS of 0.36; children in 
the treated and untreated groups had identical mortality 
rates; and patients were assumed to have visited an 
endocrinologist.18 In this scenario, untreated children 
were predicted to have fewer endocrinologist appoint-
ments than those administered somatropin (2 visits vs 
3 or 4 visits per year, respectively).

Sensitivity Analyses
On 1-way sensitivity analysis, all model parameters 

were systematically and independently varied using a 
realistic minimum and maximum value. The upper and 
lower values used in the sensitivity analyses were given 
as 95% CIs derived from calculated SDs around the 
mean of the variable if available, or by varying data 
inputs ±10%. This type of analysis was used to determine 
whether the cost-effectiveness results were particularly 
sensitive to any of the model parameters.

Several assumptions were applied to the data ranges 
within the model for the purposes of the sensitivity 
analysis. Patient age was assumed not to have decreased, 
and it was assumed that a poorer utility score was not 
associated with an increase in height (ie, utility always 
improves with increased height). Weight was always 
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costs were offset by the clinical benefit achieved over the 
lifetime of the patient, manifested as an increase in height 
of 16.12 cm19 and represented by an incremental QALY 
gain for somatropin of 2.95, compared with no treatment 
(Table VI; discounted QALYs). This equated to an overall 
cost per centimeter of height gained of £4359 (£5216 
nondiscounted) and a discounted cost per QALY of 
£23,807 (£10,562 nondiscounted) in which somatropin 
administration was compared with no treatment. Benefits, 
rather than costs, are more sensitive to discounting be-
cause the costs are accumulated during the rhGH treat-
ment phase only, whereas the benefits associated with 
height gain extend over a patient’s lifetime, as suggested 
by the lower cost per QALY when discounting is not 
applied (£23,807 vs £10,562).

Findings From 1-Way Sensitivity Analysis
Findings from the 1-way sensitivity analysis are 

presented in Figure 2. The key drivers of the health 
economic argument were changes in the discounted 
rates for outcomes, start HSDS, and utility values. Four 
variables led to an ICER that was higher than the 
£30,000 cost-effectiveness threshold.

Threshold analyses found that the cost per QALY 
gained with somatropin treatment was ≤£20,000 pro- 
viding that the height gain in untreated patients was  
≤0.18 HSDS; the discounted rate for outcomes was 
≤2.72%; the utility values for HSDS were <–3.000; and 
–3.000:–2.501 were ≤0.634 and 0.707, respectively. The 
cost per QALY remained ≤£30,000 when the following 
values were not exceeded: 0.46 (HSDS gain in untreated 
patients), 4.27% (discounted rate for outcomes), –2.98 
(start HSDS), 0.743 and 0.784 (utility score for HSDS 
<–3.000, and HSDS –3.000:–2.501, respectively).

Findings From 2-Way Sensitivity Analysis
Two-way sensitivity analysis found that the model 

was sensitive to the discounted rates used for outcomes. 
When both outcomes and costs were discounted at 0%, 
3.5%, and 5.0%, the costs per QALY for somatropin 
treatment in short children born SGA were £10,562, 
£23,807, and £29,965, respectively.

Findings From Scenario Analysis
In addition to the base-case analysis, a series of scenarios 

was considered to ensure that rhGH treatment in clinical 
practice was adequately represented (Table VII).

Somatropin treatment remained cost-effective ver- 
sus no treatment at a willingness-to-pay threshold of 

narios was to minimize bias toward somatropin and to 
present a conservative economic argument.

Two-way sensitivity analyses were conducted to assess 
how variations in the discount rates associated with both 
costs and outcomes would affect the cost-effectiveness 
of somatropin.

Probabilistic sensitivity analysis (PSA) quantified the 
degree of uncertainty surrounding the results, based on 
the precision with which input parameters were esti-
mated. In this analysis, all uncertain parameters were 
simultaneously varied over the distribution of values 
that each parameter might take, and the incremental 
costs and benefits of each treatment were calculated. 
The variables and distributions used in the PSA are shown 
in Table V. Variables that did not alter (eg, in which the 
number of visits was 0 for that year) were omitted from 
the table. Utilities and event probabilities were assumed 
to have followed β distributions, whereas cost and 
treatment duration were assumed to have followed  
γ distributions.30,31 These distributions reflected the 
uncertainty of the input parameters, and from those, a 
random value was sampled and the corresponding cost 
and effectiveness outcomes were calculated using the 
model. A total of 10,000 simulations were conducted. 
Some of the resulting simulations would include sce-
narios in which no benefit associated with somatropin 
treatment would be assumed. These scenarios, referred 
to as “zero-benefit” scenarios, are deemed unlikely to 
occur in clinical practice because the nonresponder rate 
with somatropin treatment is low (~2%) (data on file, 
Novo Nordisk Ltd. study no. GHRETARD/BPD/14- 
20-21/NL, 2007). Therefore, zero-benefit scenarios were 
excluded from the PSA, leading to the generation of 
9737 simulations in total. The probability that a somat- 
ropin treatment regimen is cost-effective versus no 
treatment was calculated at willingness-to-pay thresholds 
of £20,000 and £30,000 per QALY gained.

RESULTS
Base-Case Findings

The treatment of short children born SGA with so-
matropin was associated with an incremental drug-
acquisition cost of £68,113 per patient compared with 
no treatment (Table VI; discounted costs). The total 
resource cost amounted to an estimated additional cost 
of £2149 per patient treated with somatropin compared 
with no treatment (Table VI; discounted costs). The 
total incremental lifetime cost per patient was therefore 
estimated at £70,263 (discounted costs). These additional 
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Table V. Variables used in the probabilistic sensitivity analysis.*

 Current Value  
Variable (Range Used in PSA) Distribution

Time of height benefit, y6 2 (1 to end of treatment) β

Cost per milligram, £26 21.39 (18.27 to 23.64) γ

Discount rate, %
  Costs15 3.50 (0.00 to 6.00) β
  Outcomes15 3.50 (0.00 to 6.00) β

Compliance, %27 90.00 (81.00 to 100.00) β

Discontinuation rate, % 3.33 (3.00 to 3.66) β

Starting characteristics (SGA19)
  Age, y 6.98 (5.97 to 7.98) γ
  Height, cm 108.53 (102.60 to 114.45) γ
  HSDS –3.12 (–3.43 to –2.80) Normal

Ending characteristics (SGA19)
  Age, y 16.43 (15.89 to 16.96) γ
  Near–adult height, cm 167.87 (164.80 to 170.93) γ
  Near–adult HSDS –1.14 (–1.44 to –0.85) Normal

Dose, mg/kg/d 0.03 (0.03 to 0.04) γ

Resource SGA18

  Endocrinology visit  
    Year 1/year n 3 (0 to 3) γ
    Untreated: Year 1/year n 2 (0 to 2) γ
    Final: Year 4 (0 to 4) γ
    Untreated: Year (final) 2 (0 to 2) γ
  Radiography of the hand  
    Year n 1 (0 to 1) γ
    Year (final) 2 (0 to 2) γ
  Specialist nurse, year 1 1 (0 to 1) γ
  Community nurse, year 1 4 (0 to 4) γ

Costs, £
  Endocrinology28

    First 343.00 (0.00 to 377.30) γ
    Other 170.00 (0.00 to 187.00) γ
  Radiography of the hand28 28.00 (0.00 to 30.80) γ
  Pituitary test28 136.00 (0.00 to 149.60) γ
  Specialist nurse17 30.00 (0.00 to 33.00) γ
  Community nurse17 24.00 (0.00 to 26.40) γ

Resource SGA: Blood test - year 1/year n18 1 (0 to 1) γ

Untreated height: SGA18 151.70 (136.57 to 166.92) γ 

PSA = probabilistic sensitivity analysis; SGA = small for gestational age; HSDS = height SD scores.
* This table excludes the variables used for patient utility and patient weight, which are presented in Tables II and III,  

respectively.
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Findings From Probabilistic Sensitivity Analysis
Simultaneous variation of all modeling parameters 

within realistic ranges found that somatropin was cost-
effective for the treatment of short children born SGA. 
The probability of somatropin being cost-effective com-
pared with no therapy was 46.84% at a willingness-to-

£30,000/QALY in all scenarios tested, with the exception 
of if the utility benefit was applied from age 18 years. This 
situation is considered unlikely to occur in clinical practice 
because somatropin treatment has been associated with 
significantly improved HRQoL in adolescents with SGA, 
according to a previously published clinical study.32

Table VI. Base-case results: Per-patient costs and benefits associated with somatropin therapy.*

Parameter Somatropin No Treatment

Costs, £
  Drug acquisition  68,113 (81,580) –
  Resource  5249 (6080) 3100 (3573)
  Total  73,362 (87,660) 3100 (3573)

Height gain, cm (vs no treatment) 16.12 –

Total cost per centimeter of height gained, £ 4359 (5216) –

Incremental QALYs 22.23 (61.47) 19.28 (53.51)

Incremental cost/QALY, £ (vs no treatment) 23,807 (10,562) – 

QALY = quality-adjusted life-year.
* Values presented are discounted; nondiscounted values are presented in parentheses; QALYs for untreated patients are 

calculated based on the assumption that these patients have the same baseline characteristics (pretreatment height SD 
score) as the patients receiving somatropin. 

Near–adult HSDS - SGA

Time of height benefit

Compliance

Weight factor

Utility: −3.000 to −2.501

252015105 4035300 45

Value (£ × 1000)

Discount rate: Outcomes

Utility: −1.500 to −1.001

Discount rate: Costs

Utility: <−3.000

Start HSDS - SGA

Figure 2.  Tornado diagram of key drivers in the model. HSDS = height SD score; SGA = small for gestational 
age. The vertical line represents the cost/quality-adjusted life-year in the base-case analysis. 
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of somatropin therapy on the normalization of height 
in short children born SGA has been found in a clini- 
cal trial (data on file, Novo Nordisk Ltd. study no.  
GHRETARD/BPD/14-20-21/NL, 2007),6 until recently, 
data to determine the influence of short stature on utility 
were limited. This lack of data was influenced by the 
underpowering of studies and the fact that children find 
self-reported questionnaires difficult to complete.33 
HRQoL data have an increasingly important role in the 
assessment of medical interventions. Organizations such 
as NICE in the United Kingdom rely on cost-effectiveness 
analyses to make recommendations on the use of specific 
interventions, based at least in part on utility data. 
Although NICE recommended rhGH for the treatment 
of children with growth failure in 2002, it had reserva-
tions about the calculations of the likely utility gain, 
basing its decision on the outcome of cost per centimeter 
gained, and thus recommended further studies to clarify 
the clinical impact of GH treatment on HRQoL.13

By the mapping of utility scores to the proven height 
gain achieved by short children born SGA treated with 
somatropin, this analysis found an improvement of  

pay threshold of £20,000/QALY and 68.74% at a will-
ingness-to-pay threshold of £30,000/QALY (Figure 3).

DISCUSSION
The advent of rhGH has improved the clinical manage-
ment of children and adolescents of short stature as a 
result of endocrinologic conditions. Before the introduc-
tion of rhGH, these patients received no treatment. The 
effectiveness of rhGH in improving height velocity and 
adult height are well documented in such individuals. 
Although the cost-utility of somatropin (ribosomal DNA 
origin) in the treatment of GHD in children has previ-
ously been assessed in the United States,11 a search of 
the literature did not identify any previously published 
studies of the cost-effectiveness of rhGH (somatropin) 
in the treatment of short children born SGA in the 
United Kingdom.

The current study assessed the cost-effectiveness of 
rhGH compared with no treatment in short children 
born SGA. No treatment is deemed to be a relevant 
comparator because the only options available in clinical 
practice are rhGH and no therapy. Although the impact 

Table VII. Results of scenario analyses. Data are mean (SD) £ (nondiscounted).

Scenario Discounted Cost/QALY

Discounted Cost 
per Centimeter of 

Height Gained

Included only those patients with a height <–2.5 HSDS  
(n = 15), in accordance with the EMEA-approved indication 
for GH

19,160 (8085) 4714 (5642)

100% Compliance with somatropin treatment 26,372 (11,701) 4829 (5778)

Time to catch-up growth varied within a plausible range 
of 1–5 years, and also at near–adult height 

Minimum 23,574 (10,522) at 
1 year to maximum 27,359 
(11,164) at near–adult height

–

Untreated short children born SGA have no increase in HSDS 18,403 (7776) –

Untreated children are seen by their general practitioners 
and not an endocrinologist

24,858 (11,011) –

Height-associated benefits due to GH therapy occur after 
5 years, at near–adult height or at 18 years of age

At 5 years 24,868 (10,744)
At near–adult height 27,359 
(11,164)
At 18 years 37,884 (12,641)

–

Somatropin dose of 0.035 mg/kg/d as approved by the EMEA 24,224 (10,747) 4434 (5307)

QALY = quality-adjusted life-year; HSDS = height SD scores; EMEA = European Agency for the Evaluation of Medicinal 
Products; GH = growth hormone; SGA = small for gestational age.
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were reduced to 0% or 1.5%. This sensitivity to dis-
counted rates for outcomes might be expected because 
the benefits that are accrued in childhood are accounted 
for throughout the remainder of the patient’s lifetime. 
Threshold analyses found that the discounted rate for 
outcomes would have to exceed 4.72% for the ICER 
to exceed £30,000. Start HSDS and the utility score in 
patients with an HSDS of –3.0 to –2.5 were also key 
drivers of the model. Threshold analyses found that for 
the ICER to exceed £30,000, the starting height would 
need to be –2.98 or taller and the utility score for pa-
tients in the height band of –3.0 to –2.5 would need to 
be ≥0.784 (both of which are 5% increases above 
baseline values).

Simultaneous variation of all parameters within the 
model, by PSA, further supported the hypothesis that 
a somatropin regimen is cost-effective relative to no 
treatment. PSA found a high probability (68.74%) that 
somatropin was cost-effective, based on a willingness-
to-pay threshold of £30,000/QALY gained. The results 
of the model were found to be robust by 1-way, 2-way, 
and PSAs, with the cost per QALY exceeding £30,000 
only when utility benefit was applied at ≥18 years, which 
is unlikely to occur in clinical practice.32

2.95 QALYs compared with no treatment. Overall, this 
economic assessment found that somatropin was a 
cost-effective treatment option in short children born 
SGA, with a cost of £23,807/QALY (discounted base 
case; £10,562 nondiscounted base case) and £4359 per 
centimeter gained (discounted base case; £5216 non-
discounted base case) relative to no treatment. The costs 
of rhGH therapy are accrued during the treatment phase, 
whereas the benefits extend over a patient’s lifetime. 
Therefore, discounting has a greater impact on benefits 
than do costs. This is reflected by the discounted versus 
nondiscounted cost per QALY gained (£23,807 vs 
£10,562, respectively). The findings from this analysis 
are supported by findings from a recent study of the 
cost-effectiveness of height-screening programs in chil-
dren aged 4 to 11 years, in which the authors reported 
HRQoL benefits associated with early screening and 
treatment of various height-related conditions.34

When conducting an economic analysis of this kind, 
the uncertainty surrounding the robustness of the data 
used should always be tested using sensitivity analyses. 
The model was most sensitive to the discounted rates 
used for outcomes, with the cost per QALY decreasing 
significantly when the discounted rates for outcomes 
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Compliance has been found to affect the efficacy of 
GH treatment, with more stringent compliance associ-
ated with improved height outcomes.35 Nonetheless, 
this economic analysis took a conservative approach 
because although the costs of treatment with an im-
proved compliance rate were considered, no additional 
benefits with regard to efficacy were assumed. A com-
pliance rate of 90% is considered in the model, with 
the impact of 100% treatment compliance assessed 
using sensitivity analysis. A compliance rate of 90% is 
unlikely to impact significantly on overall outcomes, 
and a scenario of 100% compliance is not likely to occur 
in clinical practice.

Certain costs were not considered within the model. 
For example, expert opinion suggests that the manage-
ment of patients receiving somatropin therapy would 
include IGF-1 testing. The costs of IGF-1 tests were not 
considered in the analysis. Because the costs of these 
tests are relatively low (~£2736), their exclusion from 
the model would not be expected to significantly affect 
the cost-effectiveness of somatropin therapy. In addition, 
the analysis did not include monitoring, such as blood 
tests, for untreated short children born SGA, although 
such costs would occur in clinical practice, suggesting 
that untreated patients would incur costs in practice 
greater than those estimated within the model. Therefore, 
the approach taken was conservative, and the cost- 
effectiveness of somatropin therapy may be greater than 
reported. Although the model mapped increasing height 
with improvements in utility, other potential health 
benefits could be considered. For example, short children 
born SGA are believed to have an increased risk for 
diabetes and cardiovascular events,3 and treatment with 
GH has been associated with significant improvements 
in IQ scores, behavior, and self-perception over time in 
patients born SGA.37 There is evidence that women of 
short stature have a risk for cesarean sections 2-fold 
that of taller women (P < 0.001).38 A strong inverse 
relationship between height and the risk for suicide has 
also been found.39

The clinical trial involved relatively few participants 
(n = 79), and clinical trials of somatropin in children 
have a number of other limitations. There are frequently 
low numbers of participants in these trials, which often 
fail to include adequate control groups. These small sample 
sizes were mainly centered on the ethical issues of includ-
ing untreated children in clinical trials.40 Adult height is 
often not reported due to the time frame of many clinical 
trials. However, this study did follow up patients until 

The modeling approach is associated with a number 
of limitations. For example, the clinical trial of somat-
ropin reported that GH-induced increases in height in 
adolescents born SGA were associated with significant 
improvements in many aspects of HRQoL, including 
physical abilities and contact with adults.32 However, 
these data could not be used to obtain utility scores, 
and utility data based on children with short stature 
are lacking. Therefore, in this analysis, utility scores 
were derived from a UK-based study that assessed the 
relationship between height and utility in the general 
population of adults.7 The study found that utility was 
positively correlated with increasing height and, for the 
purposes of determining cost-effectiveness, provided a 
single measure of the HRQoL (utility scores) associated 
with different height ranges.7 Although the data were 
captured in an adult population, the EQ-5D question-
naire, as preferred by NICE, was used. Thus, the only 
limitation was that the utility values were applied during 
both childhood and adulthood. Because the benefits of 
somatropin treatment continue throughout a patient’s 
lifetime, adulthood represents the longest phase in which 
HRQoL benefits are accrued.

The subgroup of children included in the model  
(n = 19) may appear small and suggests a limited gen-
eralizability. However, the duration of the clinical study 
was ~15 years, and few other clinical trials in children 
born SGA have reported final adult height. However, 
2 studies with similar characteristics have reported 
comparable outcomes20,21 and support a broader gen-
eralization of the results. 

Adverse events were not included in the model because 
none of the patients were withdrawn due to adverse 
events, and adverse events associated with somatropin 
were reported as infrequent and mild in severity. 

The cohort used to populate the model is believed to 
represent the patient population observed in clinical 
practice, and extensive scenario analyses have been con-
ducted to incorporate any perceived variations. For ex-
ample, the present cost-effectiveness analysis conservatively 
assessed the clinical data from short children born SGA 
whose height at the time of inclusion in the clinical study 
was <–2.0 HSDS, whereas the EMEA-approved indication 
is in children with <–2.5 HSDS. Somatropin remained 
cost-effective when a scenario reflecting the EMEA- 
approved indication for somatropin in short children 
born SGA (height <–2.5 HSDS) was also considered. In 
this scenario, the cost of somatropin was £19,160/QALY 
(discounted) and £4714/cm height gained.
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adult height was reached, and therefore the findings can 
be used for the assessment of long-term outcomes.

This analysis represented a conservative approach 
to determine the cost-effectiveness of somatropin treat-
ment. Somatropin use was associated with a base-case 
ICER of £23,807/QALY (discounted) and a cost per 
centimeter of height gained of <£5000 compared with 
no treatment. The sensitivity analyses support that 
base-case parameters for somatropin therapy compared 
with no treatment were robust. The cost per centimeter 
of height gained with somatropin in short children born 
SGA was comparable to the cost-per-centimeter-gained 
values on which NICE previously granted recommenda-
tions for GH treatment in GHD, Turner’s syndrome, 
and chronic renal insufficiency.13

CONCLUSION
Based on the findings from this cost-effectiveness analy-
sis, somatropin is a cost-effective treatment strategy for 
short children born SGA, from the perspective of the 
UK NHS.
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