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Abstract

Background: Growth prediction models (GPMs) exist to 
support clinical management of children treated with 
growth hormone (GH) for growth hormone deficiency 
(GHD), Turner syndrome (TS) and for short children born 
small for gestational age (SGA). Currently, no prediction 
system has been widely adopted.
Content: The objective was to develop a stand-alone web-
based system to enable the widespread use of an ‘individ-
ualised growth response optimisation’ (iGRO) tool across 
European endocrinology clinics. A modern platform was 
developed to ensure compatibility with IT systems and 
web browsers. Seventeen GPMs derived from the KIGS 
database were included and tested for accuracy.
Summary: The iGRO system demonstrated prediction 
accuracy and IT compatibility. The observed discrepan-
cies between actual and predicted height may support cli-
nicians in investigating the reasons for deviations around 
the expected growth and optimise treatment.
Conclusions: This system has the potential for wide 
access in endocrinology clinics to support the clinical 
management of children treated with GH for these three 
indications.
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Introduction
Recombinant human growth hormone (rhGH) was intro-
duced in 1985 as a therapeutic option to treat children 
with growth hormone deficiency (GHD). Today, GH has 
been approved for adults with GHD and in children for the 
treatment of short stature associated with GHD, Turner 
syndrome (TS), short children born small for gestational 
age (SGA), chronic renal insufficiency (CRI), Prader Willi 
syndrome (PWS), SHOX deficiency and idiopathic short 
stature (ISS), although not all of these indications are 
currently approved in every country.

The aims of rhGH treatment in children are (i) to 
increase height during childhood; (ii) to attain adult height 
as close as possible to their target height; (iii) to minimise 
potential adverse events of GH therapy and (iv) to achieve 
cost-effective treatment [1]. The initial step when prescrib-
ing rhGH is to start on a fixed dose of GH [2] based on the 
weight or body surface areas (BSAs) of the child within 
the range approved by regulatory authorities. Subsequent 
dose titration is usually based on weight; adaptations 
guided by growth velocity or insulin-like growth factor 1 
(IGF-1) as a biomarker have also been explored in clini-
cal trials but have not been recommended in the current 
guidelines and have not been widely adopted [3, 4]. 
However, each child responds to a dose of rhGH in a 
unique way due to their genetic, metabolic and physical 
characteristics. Whilst many children with a given diagno-
sis respond as expected to rhGH treatment and are likely 
to reach the goals of intended treatment [5], some children 
respond less well [6] and some may respond better than 
expected [7].

Thus, in order to reach all aims of rhGH treatment in as 
many patients as possible, a more individualised approach 
to initiating and managing treatment would be desirable, by 
identifying specific patient characteristics (height, weight, 
dose, genetic variation, etc.) with or without biomarkers, 
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which may account for some of the variability in response 
[8–13]. Growth prediction models (GPMs), incorporating 
these patient characteristics and modalities of treatment, 
can be used to predict the growth response to GH of an indi-
vidual. As a result of the evaluation of the GPM, the ongoing 
clinical and/or therapeutic management of the patient may 
remain unchanged or is modified.

Over the past decades, a number of GPMs for short 
children treated with rhGH for various diagnoses have 
been published [11, 13–20]. Most of these models require 
specific information not always available to the physi-
cian at the moment of the consultation. These, and other 
aspects, have limited the use of GPMs in clinical practice. 
In addition, to date, easily accessible tools that apply the 
rather complicated mathematical calculations have ham-
pered their use.

The previous growth prediction system developed by 
Pfizer Inc. utilised the validated, published GPMs derived 
from patients documented within the pharmaco-epidemi-
ological survey KIGS (Pfizer International Growth Data-
base), containing 83,803 children/277,264 patient years 
receiving rhGH therapy (mainly Genotropin™). It pro-
duced specific prediction models based on an individual’s 
unique set of characteristics that are readily available 
during clinical consultations (e.g. diagnosis, age, weight, 
parental height and the chosen treatment modality) that 
could predict a child’s growth over a period of time [12].

In this review, we describe the features and benefits 
of an easy-to-use new cloud-based tool, individualised 
growth response optimisation (iGRO), and demonstrate 
how it can support physicians in their management of 
children being treated with rhGH.

Materials and methods
The objective was to develop an independent (stand-
alone) web-based, accessible, easy-to-use growth predic-
tion system which incorporated clinically validated GPMs. 
It was important that the new tool retained the valued 
features of the previous system, which predicted growth 
before the start of treatment [15], providing pubertal and 
pre-pubertal growth predictions, and presented a measure 
of how responsive to rhGH an individual is. This tool was 
developed as the ‘iGRO’ tool. The software was designed 
to ensure web browser compatibility with the majority of 
IT platforms (desktops, laptops and tablet devices) and 
web browsers. Throughout its development, access to 
iGRO was continually tested across a number of hospitals 
and clinics via the use of an active iGRO web link.

The validated and published GPMs derived from 
KIGS [15–19] for GHD, TS and SGA indications were incor-
porated, as were specific disease and country reference 
charts for height, height velocity (HV) and weight. The 
tool was designed to offer flexibility to enable physicians 
to select and preset the appropriate reference tables for 
the three available indications.

Three waves of user acceptance testing (UAT), which 
included the involvement of external physicians, were 
completed to determine whether the software complies 
with the written system specification or user requirements. 
It was not intended solely to determine if respondents like 
or can use the system. UAT is one aspect of an extensive 
system/software validation process that is beyond the 
scope of this manuscript.

iGRO was manufactured to meet the classification of 
a Class 1 software medical device and complies with the 
criteria stated in the EU Medical Devices Directive [20] 
which included rigorous testing and validation prior to its 
release for use in clinical practice, as well as continuous 
monitoring of the tool’s functionality post launch. A key 
requirement for any software medical device is the pro-
vision of a comprehensive User Guide for the physician, 
which was developed and embedded into iGRO.

Clinical validation of iGRO

The clinical validation assessment and analysis of clini-
cal data pertaining to a medical device was performed to 
verify the clinical functionality of the device when used as 
intended by the manufacturer. The assessment included 
three steps: ensuring sufficient scientific evidence to 
enable use of GPMs in clinical practice through iGRO, the 
performance of the medical device using actual patient 
cases and, finally, a risk assessment to avoid any potential 
risks developing during its use in clinical practice.

Scientific assessment

First, the evaluation was drawn up on the basis of the most 
outstanding scientific literature on GPMs. Medline was 
searched for all studies reporting GPMs, GHD, TS or SGA. 
This search was then narrowed further to limit it to GPMs 
and GHD or TS or SGA and KIGS or the Pfizer International 
Growth Database from January 1990 to March 2014; the 
most relevant literature covering the intended use of the 
iGRO software was used to address both the performance 
and the safety of the device [21]. The various KIGS models 
used in iGRO illustrate the variation in responsiveness to 
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GH treatment among individuals within each diagnostic 
group. It is also important to recognise that the degree of 
standardisation in diagnosis and/or in the measurement 
of GH levels may vary among physicians and laboratory 
methods. Both of these parameters vary among physicians 
who contributed to KIGS and also in the wider paediatric 
endocrine community. However, such differences clearly 
reflect the current clinical setting in paediatric endocri-
nology. Yet, it is important to note that there is high con-
cordance between the KIGS cohorts used to develop the 
prediction models and cohorts from other similar phar-
maco-epidemiological surveys and case-control studies 
[15–19, 21–23].

The identified literature was appraised and weighted 
as per standard criteria described in the EU guidelines [20].

Second, the actual evaluation of the performance of 
the medical device was done using the software to test 
the performance of the medical device, using real world 
data for the three indications included in iGRO. Each vari-
able, output and graph were checked using data from 100 
children.

For the clinical validation process of iGRO, 28 patients 
from KIGS, with complete data, were randomly selected to 
cover all prediction models and all combinations within 
each model (such as boys/girls, with GH max peak/
without GH max peak, oxandrolone/no oxandrolone, etc.) 
All combinations listed in Table 1 were thoroughly tested; 
all calculations were accurate per the model definitions 
and passed the validation.

Risk assessment

The risk management process is in compliance with the EN 
ISO 14971:2012 standard. The analysis was carried out con-
sidering the applicable harmonised standards of the EU 
regulatory framework [20]. A quality management system 

was applied to iGRO including a risk mitigation plan that 
was consistent with the ISO requirements as well as the 
Pfizer standard operating procedures required for soft-
ware medical devices. It was established and documented 
that iGRO would be maintained throughout the life cycle 
with an ongoing process for identifying hazards associ-
ated with a medical device, estimating and evaluating the 
associated risks, controlling these risks and monitoring 
the effectiveness of the controls. The process includes the 
following elements: risk analysis, risk evaluation and risk 
control at production and post-production.

The validation processes proved that the device fully 
meets the user requirements and the intended use when 
used by the intended user (i.e. paediatric endocrinolo-
gist). Therefore, after the clinical validation, iGRO demon-
strated that this medical device has no intrinsic risks, as it 
is intended primarily to provide physicians with predictions 
based on the information provided and not make recommen-
dations on any aspects of clinical management of a patient.

Data protection and privacy policy

All data entered into iGRO is considered sensitive informa-
tion and is owned and accessed exclusively by the physi-
cian entering the data (users who are members of the same 
clinic may also view patient data pertaining to that clinic).

iGRO has been designed to ensure maximal data secu-
rity; the configuration and operation complies with all 
relevant European data protection regulations. The respon-
sibilities of the physician using iGRO with respect to data 
entry, transmission, storage and access are described in a 
Terms of Use document and a ‘Privacy Policy’. The physi-
cian is required to read and accept these documents before 
using iGRO. All patient data are encrypted during transmis-
sion between the user and iGRO and between iGRO and the 
data host. Encrypted data are held in a secure data storage 
facility located in the European Union and are accessed 
only by the physician who entered the data. Pfizer has no 
access to any individual patient data; Pfizer only receives 
general information for each country where iGRO has been 
adopted, i.e. the number of physicians using iGRO, the 
number of patients for whom iGRO has been applied for 
each of the three indications and the number of centres per 
country who are registered to use iGRO.

GPMs used in iGRO

Traditionally, the annualised HV is taken as a measure of 
the response to rhGH treatment in prepubertal children. 

Table 1: Summary of patient data used to test each model in iGRO.

Tested GPM   Patient data used to test model

GHD prepubertal 
models

  10 patients (5 boys and 5 girls; 6 with 
GH max peak, 4 without GH max peak)

GHD puberty models   4 patients (2 boys and 2 girls)
Turner prepubertal 
model

  6 patients (3 girls with oxandrolone 
treatment, 3 girls without 
oxandrolone)

Turner pubertal 
model

  2 patients

SGA prepubertal 
models

  6 patients (3 boys and 3 girls)



1022      Loftus et al.: Review of the iGRO (individualised growth response optimisation) tool

Mathematical analyses of large patient cohorts have shown 
that the magnitude of HV during GH treatment is a function 
of a multitude of factors such as the diagnosis, age, height, 
weight, the dose of GH given and other factors. Based on 
large cohorts of children with various growth disorders, 
such as GHD, TS and SGA, documented within KIGS, math-
ematical algorithms to predict the individual response to 
rhGH therapy have been derived and validated [15–19]. 
These algorithms (i.e. the prediction models) provide an 
explanation of the variability of the response (e.g. HV) of a 
patient during a certain period of treatment after the initia-
tion of GH treatment (e.g. first, second and third through 
eighth prepubertal treatment years) based on the patients’ 
characteristics and the treatment modalities applied with 
a certain likelihood and a specific margin of error of the 
predicted HV. In patients with GHD, the first-year HV can 
be predicted by an algorithm that includes the severity of 
GHD (most important predictor), age, the distance of height 
to target height, body weight, birth weight and rhGH dose. 
During subsequent prepubertal years, growth during the 
first year (most important predictor), age, weight and the 
rhGH dose applied have been observed to be important pre-
dictors of HV. The IGF-1 measurement is not required for any 
of the prediction models. The parameters and the parameter 
estimates in the model equations of the prediction of HV 
for TS and SGA during different treatment phases slightly 
differ from those observed in GHD [1]. In particular, in these 
diagnoses during the first treatment year, the rhGH dose 
is the most important predictor. Table 2 presents all of the 

important predictors of growth for the first, second, third 
and fourth through eighth HV years in the three indications. 
After puberty onset, HV is a more complex outcome making 
the annualised HV a difficult, if not inadequate, outcome to 
evaluate the growth response to rhGH. Therefore, predic-
tion algorithms have been developed describing the total 
pubertal growth phase (from start of puberty to near-adult 
height) for GHD, TS and SGA. For all of these diagnoses, age 
(most important predictor), distance to target height, bone 
age delay over chronological age (all at puberty onset) and 
the mean total GH dose have been found to be the essential 
predictors for total pubertal growth (Table 3).

Thus, the predicted growth responses give an accu-
rate figure of the growth response to be expected in an 
individual at the beginning of each treatment phase. At 

Table 2: Rank of predictors of first-, second-, third and fourth–eighth year height velocity in patients with GHD, SGA and TS.

Parameter  
 

First year  
 

Second year  
 

Third year  
 

Years 4–8

GHD +  
Peak GH

  GHD −  
Peak GH

  SGA   TS GHD   SGA   TS GHD   SGA   TS GHDa   TS

Number of patients   593   613   686   573   385   681   335   317   293   180   291
Maximum GH peak, μg/L  1 (−)                      
Age at start of therapy   2 (−)   2 (−)   2 (−)   2 (−)   3 (−)   2 (−)   3 (−)   3 (−)   2 (−)   5 (−)   4 (−)   2 (−)
Height−MPH (SDS)   3 (−)   1 (−)     5 (−)                
Mid parental height       4 (+)             4 (+)      
Body weight (SDS)   4 (+)   5 (+)   3 (+)   3 (+)   2 (+)     5 (+)   2 (+)   3 (+)   3 (+)   1 (+)   5 (+)
GH dose, IU/kg/week   5 (+)   4 (+)   1 (+)   1 (+)   4 (+)   3 (+)   2 (+)   4 (+)   5 (+)   4 (+)   3 (+)   4 (+)
Birth weight (SDS)   6 (+)   3 (+)                    
Height velocity, cm/year           1 (+)   1 (+)   1 (+)   1 (+)   1 (+)   1 (+)   2 (+)   1 (+)
Oxandrolone (Y/N)         4 (+)       4 (+)       2 (+)     3 (+)
Number of injections         6 (+)                
Age at puberty onset                        
Bone age delay                        

GH, growth hormone; GHD, idiopathic GH deficiency; SGA, children born small for gestational age; MPH, mid-parental height; SDS, standard 
deviation score; TS, Turner syndrome; +, variable is positively correlated with growth response; −, variable is negatively correlated with 
growth response. aAlso applicable for SGA indication; fourth through eighth years. Adapted from Ranke et al. [6], with permission of The 
Endocrine Society.

Table 3: Rank of predictors of total pubertal growth in patients with 
GHD, SGA and TS.

Parameter
Diagnosis

 
 
 

Total pubertal growth

GHDa   TS

Male   Females

Number of patients   355   221   419
Height−MPH (SDS)   3 (−)   3 (−)   3 (−)
GH dose, IU/kg/week   4 (+)   4 (+)   4 (+)
Age at puberty onset   1 (−)   1 (−)   1 (−)
Bone age delay   2 (+)   2 (+)   2 (+)

aAlso applicable for SGA indication.
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the end of the respective treatment phase, with the com-
parison between observed and predicted HV, one can 
establish whether the particular child has achieved the 
height gain expected (Figure 1).

Mean/mid parental height

Mid-parental height (MPH) is calculated as the mean of 
paternal and maternal heights (cm or standard deviation 
score [SDS]), and target height (TH) is a child’s predicted 
adult height based on the heights of their parents. In iGRO, 
MPH SDS was used for estimating the ‘corrected height’ 
(height SDS minus MPH SDS), where MPH SDS is calcu-
lated according to Cole’s formula [24]. This method is inde-
pendent of sex, where secular trends for growth charts date 
back one generation and are independent of ethnic origin.

Index of responsiveness

Another unique feature of iGRO is calculating an indi-
vidual child’s level of responsiveness to rhGH treatment, 
termed the Index of Responsiveness (IoR; Figure 2). The 
IoR is the difference between observed (obs) and predicted 
(pred) HV divided by the SD of the predicted HV during 
the first treatment year ([obsHV − predHV]/SD predHV). 
In an analogy to an SDS, a positive value of the IoR indi-
cates a better growth response; a negative value indicates 
a reduced growth response in comparison to the reference 
cohort used to develop the prediction model. This IoR has 

been observed to be one of the most important predictors 
of the overall height achieved or gained during long-term 
GH treatment in GHD, TS and SGA [5, 25, 26]. These find-
ings strongly suggest that a good initial response to GH in 
an individual is likely to continue and vice versa.

Hence, having both the degree of response together 
with the IoR ranking has the potential to support clinical 
decision making and treatment optimisation.

Actual vs. predicted growth responses

The iGRO GPMs explain up to 70% of variability in growth 
response. Hence, the growth response of most children 
will be close to the predicted mean response of the popu-
lation. If a child’s growth is as predicted and the respon-
siveness is as expected, GH therapy should be continued 
at the same dose. Kaspers et al. [7] reported that by using 
population modelling, a small proportion of patients may 
respond better than predicted and, therefore, their GH 
dose could be reduced, resulting in a more cost-effective 
therapy. On the other hand, a proportion of patients may 
not respond as well as expected. If their response is low 
but their responsiveness is normal, an increase in GH dose 
may improve their response. If both their response and 
their responsiveness are low, just increasing the GH dose 
is unlikely to improve their response; more importantly, 
this should alert the physician to investigate other factors 
that may impact the child’s growth, e.g. poor adherence 
and concomitant pathologies. If a child’s growth response 
is found to be impacted by poor adherence, the patient 

Figure 1: iGRO growth chart with predictions.
Predicted growth responses are calculated at yearly intervals and are indicated (green bars). The actual growth (blue), GH dose (green) and 
appropriate growth reference curve (orange) are also shown.
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and their family may benefit from additional support. 
Research investigating adherence to GH therapy has been 
shown to be variable [5, 27]. The reasons for this are multi-
factorial: for example, patients not seeing a direct result of 
daily GH injections may become demotivated and comply 
less. Prediction models, including iGRO, have an impor-
tant role in supporting an individual with adherence, as it 
is specific, using the patient’s individual characteristics.

In children who are poor responders according to 
the IoR and their clinical response, after 12 months of GH 
treatment, questions may be raised on the original clini-
cal diagnosis, their inconsistent adherence with treatment 
or the influences of other illnesses that may be present. 
Once the paediatric endocrinologist has completed the 
re-evaluation of the patient, a discussion with the family 
will take place, including the possibility of GH treatment 
discontinuation.

iGRO also has the potential to improve the cost-benefit 
ratio by optimising the GH dose. For example, in patients 
who have a better-than-expected growth response after 
the first year, it may be possible to continue with the same 
GH dose in the second year without adjusting for changes 
in body weight or BSA, so the dose per kg will decrease.

Results: potential clinical 
advantages with iGRO
As observed growth and predicted growth are visible 
both in numerical and in graphical terms, iGRO enables 

a physician to compare the actual growth of a child 
with their predicted growth according to the GPMs and 
to monitor the child’s response to rhGH throughout 
the years of treatment. It can, therefore, assist physi-
cians in evaluating whether a child is responding to GH 
as expected, or if not, assess any potential additional 
medical problem or adherence issues and/or question 
the originally established diagnosis. Hence, iGRO has 
the potential to be used as a medical education and 
research tool.

iGRO can provide an individual growth prediction, 
even before treatment with rhGH has commenced. The 
predicted growth output can assist physicians in assess-
ing a child’s potential in responding to GH at the start of 
treatment and provide patients and their families with 
realistic expectations of short- and long-term growth out-
comes. Both the actual growth and the predicted growth 
of an individual child are compared with an appropriate 
growth reference curve, selected by the physician from a 
list of reference curves included in the tool. Moreover, as 
an ongoing clinical monitoring tool (Figure 3), throughout 
the GH treatment period, it can be a valuable tool in fol-
lowing the progress of the child.

Discussion
We have presented the development of iGRO and indi-
cated that it would have significant benefits: it is easy to 
use and accessible, as only requiring access to the Internet 

Figure 2: Index of Responsiveness (IoR).
iGRO can provide detailed information on how well a child responds to GH treatment. The enlarged dot (yellow) indicates the IoR of the 
individual being evaluated, whereas the small dots (blue) indicate the IoR values for the reference population from which the prediction 
model was derived. HV, height velocity; SD, standard deviation. Blue dots represent IoR values for the KIGS reference population on which 
the prediction algorithm is based. Large yellow dots represent the patients’ IoR.



Loftus et al.: Review of the iGRO (individualised growth response optimisation) tool      1025

and the data entry of the required variables takes just a 
few minutes. It is compatible with most platforms and 
browsers. To our knowledge, these technical considera-
tions have not been fully met in the past, preventing wider 
adoption.

This approved Class I software medical device in 
Europe provides accurate growth prediction via the appli-
cation of validated and published GPMs and country- and 
disease-specific reference charts. The input variables for 
iGRO required to drive the growth prediction are readily 
accessible to the physician; no additional biological 
tests are required. iGRO enables physicians to monitor 
the patient’s response to GH treatment and it may poten-
tially be used to detect discrepancies early. GPMs cannot 
explain all of the variations in the response of a patient 
to rhGH treatment, and they are not a substitute for clini-
cal expertise. Thus, it is important that physicians also 
utilise their knowledge and judgement when assessing 
the growth response of their patients and making adjust-
ments to the treatment plan.

Currently, iGRO is the only prediction model which 
presents the IoR, a measure of how the actual growth 
response compares to the growth response that is expected 
based on the patient’s characteristics [1]. The output from 
the IoR can help support individual decisions around the 
management of the patient, e.g. ceasing treatment if the 
responsiveness is very low or reducing the dose when a 
child over-responds. Issues with adherence to treatment 
may also come to light earlier and can be addressed by 
both physician and patient together [8]. In addition, the 
Patient Summary document presents all of the patient 
details, visit details and the graphical outputs, which can 

be shared with the patient/parent or filed in the patient 
notes.

iGRO should be considered a live and evolving medical 
device whereby additional features and preferences based 
on user feedback will further optimise its functionality 
and ease of use.

Real-world use of the tool and learning from the reli-
ability of predictions will enable further refinement of 
iGRO, creating the potential to advance and support man-
agement of short stature and GH treatment in children.
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