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	Abbreviations & Definitions

	Abbreviation / Acronym
	Meaning

	BCTU
	Birmingham Clinical Trials Unit

	BHI
	Bone Health Index

	CI/Co-CI
	Chief Investigator/Co-Chief Investigator

	CONSORT
	Consolidated Standards of Reporting Trials

	DMC
	Data Monitoring Committee

	FH
	Final adult Height

	FH SDS
	Final adult Height Standard Deviation Score

	GH
	Growth Hormone

	GH+
	Continue growth hormone therapy

	GH-
	Discontinue growth hormone therapy

	HRQoL
	Health Related Quality of Life

	I-GHD
	Isolated Growth Hormone Deficiency 

	IGF-1
	Insulin-like Growth Factor 1

	ISRCTN
	International Standard Randomised Controlled Trial Number

	ITT
	Intention to Treat

	LOCF
	Last Observation Carried Forward

	MRI
	Magnetic Resonance Imaging

	QALY
	Quality Adjusted Life Year

	RCT
	Randomised controlled trial

	SAE
	Serious Adverse Event

	SAP
	Statistical Analysis Plan

	SDS
	Standard deviation score

	SUSAR
	Suspected Unexpected Serious Adverse Reaction

	TH
	Target height

	TSC
	Trial Steering Committee

	Term
	Definition

	International Standard Randomised Controlled Trial Number
	A clinical trial registry

	Protocol
	Document that details the rationale, objectives, design, methodology and statistical considerations of the study

	Randomisation
	The process of assigning trial subjects to intervention or control groups using an element of chance to determine the assignments in order to reduce bias.

	Statistical Analysis Plan
	Pre-specified statistical methodology documented for the trial, either in the protocol or in a separate document.
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	1. Introduction

	This document is the Statistical Analysis Plan (SAP) for the Growth Hormone Deficiency (GHD) Reversal trial, and should be read in conjunction with the current trial protocol. This SAP details the proposed analyses and presentation of the data for reporting the results of the GHD Reversal trial.

Analysis methods will follow the strategy set out here. Subsequent analyses of a more exploratory nature will not be bound by this strategy, though they are expected to follow the broad principles laid down here. The principles are not intended to curtail exploratory analysis (e.g. to decide cut-points for categorisation of continuous variables), nor to prohibit accepted practices (e.g. transformation of data prior to analysis), but they are intended to establish rules that will be followed, as closely as possible, when analysing and reporting data.

Any deviations from this SAP will be described and justified in the final report or publication of the trial (using a table as shown in Appendix A). The analysis will be carried out by an appropriately qualified statistician, who should ensure integrity of the data during their data cleaning processes.

	2. Background and rationale

	The background and rationale for the trial are outlined in detail in the protocol. In brief, the GHD reversal trial will test the hypothesis that pubertal children with isolated growth hormone deficiency (I-GHD) whose stimulated growth hormone (GH) concentrations are normal in early puberty, will reach a near final adult height (FH) comparable to that of children without growth hormone deficiency (GHD), without continued GH therapy.

Around 500 children are diagnosed with GHD every year in the UK, of whom 75% have idiopathic I-GHD (1). Children are treated with daily GH injections until FH is reached, at an annual cost of £10,000-23,000 per child (2). However, 26-88% of patients have outgrown (reversed) I-GHD when re-tested at FH (3-15). In children with diagnosed I-GHD, a further GH stimulation test (re-test) is usually performed when FH is attained to assess criteria for adult GH therapy, and it is at this point that many patients are no longer GH deficient. However, five previous studies demonstrate reversal of GHD (mean 49%; range 19-95%) with earlier re-testing, before or during puberty (3-5, 14, 15). One study found that children with GHD reversal confirmed during puberty reach their target height (TH) without further GH therapy (5). Another study showed that children stopping GH 1.6 years before attaining FH achieve a similar FH to those who continue until FH (16). 
Hence, establishing normal GH status in early puberty would relieve patients from the diagnostic uncertainty of GHD persistence and may allow patients to stop GH therapy approximately 3 years earlier, whilst still reaching a normal FH without the burden of daily injections, and at considerably reduced cost to the NHS. GH re-testing practices vary amongst centres globally.

	3. Trial objectives

	The primary objective is to assess in a non-inferiority randomised controlled trial (RCT) whether children with early I-GHD reversal who stop GH therapy (GH-) achieve no worse near FH standard deviation score (SDS) than children who continue GH therapy (GH+).
Secondary objectives are as follows:

· To assess whether children with early I-GHD reversal who stop GH therapy achieve no worse TH-FH-, Health Related Quality of Life (HRQoL) assessed using Quality of Life Years Gained (QALYs), bone health index (BHI) and lipid profiles than children who continue GH therapy.
· To determine the cost-effectiveness of GH- in the early re-testing scenario by comparing the proportion of children between the GH- and GH+ groups achieving their sex-specific, mid-parental TH range, and the cost-effectiveness of the new care pathway (early re-testing) compared to traditional care (late re-testing).

	4. Trial methods

	4.1. Trial design

	The GHD reversal trial is a multicentre, open-label, randomised controlled non-inferiority trial. Participants will be recruited from routine paediatric endocrine clinics from UK and Austrian paediatric endocrine centres and randomised in a 1:1 ratio to either GH- or GH+.
Due to the nature of the intervention (i.e. removal of GH treatment, which is administered via daily injections) attempts at blinding would be very challenging. Blinding would only be possible if the participants received a placebo treatment (i.e. continued daily injections), which the clinical team agreed would not be ethical in children. All clinical outcome measures are objective.
The GHD reversal trial includes an internal pilot phase, for the progression rules, refer to section 4.10.

	4.2. Trial interventions

	The trial interventions are continuation of GH therapy (GH+) or discontinuation of GH therapy (GH-).
GH+

Participants in the control group will resume GH treatment subcutaneously at a daily dose of 25-35ug/kg/day (following the minimum six week discontinuation period required prior to randomisation), and will be followed up in 6-monthly intervals until near FH. GH therapy is given as daily injections, administered by parents. Participants will receive licensed GH treatment preparations with the active ingredient Somatropin.
GH-

Participants in the experimental group will not resume GH treatment following on from the minimum six week discontinuation period. Participants will be followed up in 6-monthly intervals until near FH. At the 6-month follow-up assessment, if there is clinical indication (e.g. IGF-1 below normal range & GH re-test with peak <6.7 μg/L) that a participant’s GH levels are no longer within the normal range, they will restart their GH medication and this will be recorded.

	4.3. Primary outcome measure

	The primary outcome is near FH SDS, where near FH is defined as height achieved when the growth rate is <2cm/year and evidence of epiphyseal fusion indicating a bone age of 14 and 16 in females and males respectively.
See Appendix D (data manipulations) for how the primary outcome will be derived.

	4.4. Secondary outcome measures

	The secondary outcomes are as follows:
Growth-related:
· The proportion of children reaching normal adult height ( - 2SD)

· The proportion of children reaching mid-parental TH ( - 2SD)

· Difference in TH minus FH (in SDS and centimetres) 
Bone-related:
· Bone age delay at FH

· Bone age acceleration between enrolment and FH

· Bone health index at FH
Biochemistry:
· Serum IGF-1 and lipid profiles at FH

· Peak stimulated GH at FH
Adverse events 
· Headache 

· Idiopathic intracranial hypertension 

· Lipoatrophy 

· Increased levels of fatigue 

· Increased/unusual weight gain 

· Abnormal lipid profiles

Please refer to Appendix D (data manipulations) for the details of how the secondary outcomes will be derived.

	4.5. Timing of outcome assessments

	The schedule of trial procedures and outcome assessments are given in Appendix C.

	4.6. Randomisation

	Participants will be randomised in a 1:1 ratio to either continue or discontinue GH therapy.
Randomisation will be provided by a secure online randomisation system at the Birmingham Clinical Trials Unit (BCTU). A minimisation algorithm will be used within the online randomisation system to ensure balance in the treatment allocation over the following variables:
· Gender (Male, Female)
· Tanner Stage (B2 (females) or 6-<9ml testicular volume (males), B3 (females) or 9-12ml testicular volume (males))
· Centre
A ‘random element’ will be included in the minimisation algorithm, so that each participant has a probability (unspecified here), of being randomised to the opposite intervention that they would have otherwise received. Full details of the algorithm used will be stored in a confidential document at BCTU.

	4.7. Sample size

	For the primary outcome measure of near FH SDS with a non-inferiority design comparing means and assuming equal variance, a non-inferiority margin of 0.55 near FH-SDS, a one-sided test with α=0.025 and 90% power, a group size of 57 (total n=114) would be needed (calculated using the SSI procedure in Stata 13). This calculation was based on a near FH SDS (SD) of -1.6 (0.9) using data from a population- based registry for patients with I-GHD treated with GH and completing the scheduled treatment (17). The non-inferiority margin is based on clinical opinion. Additional observational studies gave consistent results. Using LMS growth software, a 0.55 height SDS score (using British 1990 Growth Charts (18) approximates to 3.8cm for boys and 3.3cm for girls at age 23. With 17% allowance for withdrawal and loss to follow up, a total sample size of 138 is required.

	4.8. Framework

	The objective of the trial is to test the non-inferiority of GH- over GH+. The trial will test whether the near FH of those stopping GH treatment (GH-) is not inferior to that of those continuing (GH+). The null hypothesis is that there is a difference in the near FH SDS between the intervention groups, of more than the inferiority margin of -0.55. 

	4.9.  Interim analyses and stopping guidance

	A separate Data Monitoring Committee (DMC) reporting template will be drafted and agreed by the DMC including an agreement on which outcomes will be reported at interim analyses. The statistical methods stated in this SAP will be followed for the outcomes included in the DMC report, where possible.

The DMC will operate in accordance with a trial specific charter based upon the template created by the Damocles Group. The DMC will meet at the end of the 12 months internal pilot trial to assess the progression criteria (see Section 4.10) and safety data. Since this is an internal pilot trial, and these safety data will be included in the main analysis of the GHD reversal trial, these data will remain confidential, except to members of the DMC and the trial statistician(s) performing the analysis.

During the main trial, the DMC will meet at least annually, or as per a timetable agreed between the DMC prior to trial commencement. Data analyses will be supplied in confidence to the DMC, which will be asked to give advice on whether the accumulated data from the trial, together with the results from other relevant research, justifies the continuing recruitment of further participants. The DMC will advise the chair of the TSC if, in their view, any of the randomised comparisons in the trial have provided both (a) “proof beyond reasonable doubt” that for all, or for some, types of participant one particular treatment is definitely indicated or definitely contraindicated in terms of a net difference in the major outcomes, and (b) evidence that might reasonably be expected to influence the patient management of many clinicians who are already aware of other main results. The TSC can then decide whether to close or modify any part of the trial.

	4.10.  Internal Pilot Progression Rules

	An embedded internal pilot will run over a period of 12 months to assess recruitment processes. Pre-specified progression criteria have been agreed as follows:
Criterion

Threshold

Risk Status

Sites open

   At 6 months

   At 12 months

<6 sites

<12 sites

AMBER

RED

GHD reversal rate (i.e. size of pool of eligible patients)

   After 20 patients tested

   After 40 patients tested

<20% (n=4)

<25% (n=10)

AMBER

RED

Number of eligible (GHD reversed) patients recruited

   At 6 months
   At 12 months

<15

<30

AMBER

RED



	4.11.  Timing of final analysis

	The final analysis for the trial will occur after all participants have either reached near FH (defined as a growth rate of <2cm/year and evidence of epiphyseal fusion indicating a bone age of 14 and 16 in females and males respectively) or have completed 36 months post-date last participant recruited (whichever comes sooner) and the corresponding outcome data have been entered onto the trial database and validated as being ready for analysis. This is provided that the trial has not been stopped early for any reason (e.g. DMC advice or funding body request).

	4.12.  Timing of other analyses

	Not applicable.

	4.13.  Trial comparisons

	All references in this document to ‘group’ refer to GH+ or GH-. 

	5. Statistical Principles

	5.1. Confidence intervals and p-values

	All estimates of differences between groups will be presented with two-sided 95% confidence intervals, unless otherwise stated. P-values will not be reported for non-inferiority outcomes. P-values will only be reported for superiority outcomes (biochemistry secondary outcomes and adverse events) from two-sided tests at the 5% significance level.

	5.2. Adjustments for multiplicity

	No correction for multiple testing will be made.

	5.3. Analysis populations

	All primary analyses (primary and secondary outcomes, including safety outcomes) will be by intention-to-treat (ITT). Participants will be analysed in the intervention group to which they were randomised, and all participants shall be included whether or not they received the allocated intervention. This is to avoid any potential bias in the analysis, however an ITT analysis may be theoretically biased towards non-inferiority (19). For this reason, a complier average causal effect (CACE) analysis (see section 9.5 for details on how we will approach this analysis) will also be conducted alongside the ITT analysis for the primary outcome.  

Refer to section 5.4 for definition of adherence. 

	5.4. Definition of adherence

	Adherence to the randomised allocated intervention will be monitored at each follow-up assessment using self-reported medication use and self-reported adherence with GH (GH+ arm only). For each arm, adherence will be defined as follows:

GH+ arm:

Adherence will be monitored using self-reported adherence data, defined as ≥85% reported adherence at every follow-up visit.
GH- arm:
For the GH- group, any evidence of GH use post-randomisation will result in the participant being considered as non-adherent. GH use is asked at each follow-up visit. 
The CACE analysis will include all randomised participants but will provide an estimate of the treatment effect in only those who complied with treatment allocation.

	5.5. Handing protocol deviations

	A protocol deviation is defined as a failure to adhere to the protocol such as errors in applying the inclusion/exclusion criteria, the incorrect intervention being given, incorrect data being collected or measured, follow-up visits outside the visit window or missed follow-up visits. We will apply a strict definition of the ITT principle and will include all participants as per the ITT population described in section 5.3 in the analysis, in some form, regardless of deviation from the protocol (20). This does not include those participants who have specifically withdrawn consent for the use of their data in the first instance; however these outcomes will be explored as per other missing responses.



	5.6. Unblinding

	This is an unblinded study, but interim analyses will be produced blind to trial arm (i.e. A vs. B).  Unblinding of the Trial Statistician to the allocated intervention code will take place after the database is locked for final analysis, or on request of the DMC.

	6. Trial population

	6.1.  Recruitment

	A flow diagram, as recommended by CONSORT (21), will be produced to describe the participant flow through each stage of the trial. This will include information on the number (with reasons) of losses to follow-up (drop-outs and withdrawals) over the course of the trial.  A template for reporting this is given in sections 3 and 4 of the supplementary template report.

	6.2.  Baseline characteristics

	The trial population will be tabulated as per section 5 of the supplementary template report. Categorical data will be summarised by number of participants, counts and percentages. Continuous data will be summarised by the number of participants, mean and standard deviation if deemed to be normally distributed or number of participants, median and interquartile range if data are skewed, and ranges if appropriate. Tests of statistical significance will not be undertaken, nor confidence intervals presented (22).

	7. Interventions

	7.1.  Description of the interventions

	Experimental Group:
Participants in the experimental group (GH-) will not resume GH treatment and participants will be followed up at 6-monthly intervals until near FH or until the 36 month follow-up assessment*.

Control Group:

Participants in the control group (GH+) will resume receiving their GH treatment at a level prescribed by their clinical care team (following the minimum 6-week discontinuation period required prior to randomisation) and will be followed up at 6-monthly intervals until near FH or until the 36 month follow-up assessment*.
*The final recruit’s 36 month assessment will be the end of the follow-up period. Participants who have not reached the FH criteria can have 6 monthly visits (including past their own 36 month assessment) until the due date of the final participant’s 36 month assessment.

	7.2.  Adherence to allocated intervention

	A cross-tabulation of the randomised allocated intervention by the adherence categories stated in section 5.4 will be produced (proportions and percentages). A template for reporting adherence is given in section 7 of the supplementary template report.

	8. Protocol deviations

	Frequencies and percentages by group and centre will be tabulated for the protocol deviations as per section 8 of the supplementary template report.

	9. Analysis methods

	9.1. Covariate adjustment

	In the first instance, intervention effects between groups for all outcomes will be adjusted for the minimisation parameters listed in section 4.6. Centre will be included as a random effect and all other factors as fixed effects.  Bone age delay, bone health index, serum IGF-1, lipid profiles and peak stimulated GH will also be adjusted for baseline value. All height outcomes (FH SDS, the proportion of children reaching normal adult height, the proportion of children reaching mid-parental TH, the difference in TH minus FH, and the proportion of children reaching a FH of within the lower end of the TH range) will additionally be adjusted for baseline height SDS.
If covariate adjustment is not possible (e.g. the model does not converge), centre will be removed first. If this reduced model still fails to converge, unadjusted estimates will be produced and it will be made clear in the final report why this occurred (e.g. not possible due to low event rate/lack of model convergence).
For binary outcomes only, if the (full) adjusted log-binomial model fails to converge, a Poisson regression model with robust standard errors will be used to estimate the same parameters (23). If this also fails to converge, estimates will be produced from the log-binomial model (following rules for removal of variables as outlined above).  It will be made clear in the final report why this occurred (e.g. not possible due to low event rate/lack of model convergence).

	9.2. Distributional assumptions and outlying responses

	Distributional assumptions (e.g. normality for continuous outcomes) will be assessed visually prior to analysis or tabulation. For the primary outcome, in the first instance, the proposed primary method of estimation in this analysis plan will be followed. If responses are considered to be particularly skewed and/or distributional assumptions violated, the impact of this will be examined through sensitivity analysis; this will consist of transformation of responses prior to analysis (e.g. log transformation) in the first instance. For secondary continuous outcomes, if responses are considered to be particularly skewed, medians and interquartile ranges will be presented as opposed to means and standard deviations and non-parametric analysis techniques will be implemented.

	9.3. Handling missing data

	In the first instance, analysis will be completed on received data only with every effort made to follow-up participants to minimise any potential for bias. Participants with missing primary outcome data will not be included in the primary analysis in the first instance. To examine the possible impact of missing data on the results, and to make sure we are complying with the intention-to-treat principle, sensitivity analysis will be performed on the primary outcome measure (24).  See section 9.10 for further details regarding sensitivity analyses.

	9.4. Data manipulations

	See Appendix D.

	9.5.  Analysis methods – primary outcome

	The primary outcome measure is near FH SDS (calculated using the WHO Growth Charts (25)). Means and standard deviations will be reported alongside an adjusted mean difference (with a corresponding 95% confidence interval), estimated using a linear regression model. Non-inferiority will be concluded if the lower bound of the 95% confidence interval is above -0.55. A template for reporting the primary outcome is given in section 9 of the supplementary template report.
The CACE analysis will include all randomised participants but will provide an estimate of the treatment effect in only those who complied with treatment allocation. Treatment compliance will be treated as a binary variable, as defined in section 5.4. A linear regression model will be fitted using the Stata command ‘etregress’ to estimate the adjusted mean difference and 95% confidence interval for compliant participants. 
See section 9.1 for covariate adjustment and model convergence.

	9.6.  Analysis methods – secondary outcomes

	A template for reporting the secondary outcomes is given in section 10 of the supplementary template report.
For continuous secondary outcome measures (difference in TH minus FH, bone age delay, bone age acceleration, bone health index, serum IGF-1, lipid profiles, peak stimulated GH) which are normally distributed, means and standard deviations will be reported alongside adjusted mean differences (with 95% confidence intervals) estimated using a linear regression model. For continuous secondary outcome measures which are non-normally distributed, medians and interquartile ranges will be reported alongside unadjusted differences in medians using bootstrapping methods (repetition=1000, seed=123456).
Binary secondary outcome measures (the proportion of children reaching normal adult height, the proportion of children reaching mid-parental TH, adverse events) will be summarised using frequencies and percentages. A log-binomial model will be used to generate an adjusted relative risk (and 95% confidence interval). An adjusted risk difference (and 95% confidence interval) will also be presented.
The number of participants who experience an SAE will be reported alongside the number of SAEs reported.

	9.7.  Analysis methods – exploratory outcomes and analyses

	Any data that does not form a pre-specified outcome will be presented using simple summary statistics by intervention group (i.e. numbers and percentages for binary data and means (or medians) and standard deviations (or inter-quartile ranges) for continuous normal (or non-normal) data.

	9.8.  Safety data

	The number and percentage of participants experiencing any SAEs and SUSARs will be presented by intervention group alongside the number of events reported. A template for reporting this safety data is given in section 11 of the supplementary template report.

	9.9. Planned subgroup analyses

	Interpretation of subgroup analysis will be treated with caution (output will be treated as exploratory rather than definitive (26). Analysis will be limited to the primary outcome only and the following subgroups: 

· Gender (Male, Female)

· Tanner Stage (B2 (females) or 6-<9ml testicular volume (males), B3 (females) or 9-12ml testicular volume (males))

The effects of these subgroups will be examined by including treatment group by subgroup interaction parameters in the linear regression model. P-values from tests for statistical heterogeneity will be presented alongside the effect estimate and 95% confidence intervals within subgroups.  A template for reporting the subgroup analyses for the primary outcome is given in section 9.3 of the supplementary template report.

	9.10.  Sensitivity analyses

	Sensitivity analyses will be limited to the primary outcome and will consist of:

· Complier average causal effect (CACE) analysis (population described in section 5.4);
· An analysis to assess the effect of missing responses through a multiple imputation approach, using important variables: baseline height SDS, gender and baseline Tanner stage, to predict the FH SDS; 
· An analysis to assess the effect of missing responses through a last observation carried forward (LOCF) approach, assuming no change from the previous assessment;

· An analysis to assess the effect of any distributional assumptions (see section 9.2);

· An analysis which excludes any participants who had not met the definition for near FH by the end of follow-up.
A template for reporting the sensitivity analyses for the primary outcome is given in section 9.2 of the supplementary template report.

	10. Analysis of sub-randomisations

	Not applicable.

	11. Health economic analysis

	As indicated in the protocol there will also be an economic analysis. The details of this analysis are documented separately. 

	12. Statistical software

	Statistical analysis will be undertaken in the following statistical software packages: SAS software version 9.4 (or higher) and/or Stata version 16 (or higher).
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	Appendix A: Deviations from SAP

	This report below follows the statistical analysis plan dated <insert effective date of latest SAP> apart from following:

Section of report not following SAP
Reason
<insert section >
<insert, e.g. exploratory analyses request by TMG>



	Appendix B: Trial schema
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	Appendix C: Schedule of assessments

	Visit

Screening

Baseline (min 6 weeks after stopping GH)

Month 6 ± 14 days

Month 12 ± 14 days

Month 18 ± 14 days

Month 24 ± 14 days

Month 30

± 14 days

Month 36 ± 14 days

Pre-randomisation GH stimulation test

X

Pre-randomisation serum IGF-I

X

Eligibility check

X

Valid informed consent

X

Relevant medical history 

X

Randomisation to GH+ or GH-

X

Allocation of trial number

X

Prescription of GH (if GH+)
X

Height

X

X

X

X

X

X

X

Weight

X

X

X

X

X

X

X

Tanner stage

X

X

X

X

X

X

X

Serum IGF-1

X

X

X

X

GH stimulation test (if GH-)

X

Fasting lipids

X

X

Growth hormone compliance check

X

X

X

X

X

X

X

Concomitant medication

X

X

X

X

X

X

X

Adverse event reporting

X

X

X

X

X

X

Hand X-ray

X

X

GH stimulation test (a tnear FH)

X

CHU-9D questionnaire
X

X

X

X

X

X

X

Collection of Health Economics Data

X

X

X

X



	


	Appendix D: Data manipulations

	The Trial Statistician will derive all responses from the raw data recorded in the database.

Primary outcome
Near final height standard deviation score (FH SDS)

At each follow-up assessment (six-monthly), we firstly need to assess if a participant has reached near FH. Near FH is defined as a growth rate of <2cm/year and evidence of epiphyseal fusion indicating a bone age of 14 and 16 in females and males respectively, as given by the ‘Annualised growth velocity’ recorded in section 2 of the Follow Up Worksheet, and ‘Bone age’ recorded in section 3 of the Follow Up Worksheet. If a participant has reached near FH, then ‘Height (cm)’, at this assessment as recorded in section 2 of the Follow Up Worksheet should be used. If a participant has not reached near FH at the end of follow-up (follow-up six-monthly up to 36 months post-date last participant recruited) then ‘Height (cm)’, at the most recent assessment as recorded in section 2 of the Follow Up Worksheet should be used (and this assessment is considered as near FH assessment).
Using height as derived above, FH SDS will be calculated as: 

FH SDS= (height – μ) / σ

Where µ is the mean height (cm) in the population and σ is the standard deviation in the population. Population parameters will be obtained from the relevant WHO Growth Charts, for children of the corresponding age and gender to the participant (25).

Secondary outcomes
The proportion of children reaching normal adult height (- 2SD)
The lower bound of normal adult height will be defined as two standard deviations below the mean height of adults of the corresponding gender. The mean adult height in males and females will be obtained from the gender-specific WHO Growth Charts for individuals aged 19 years (25), since growth charts are not available for adult populations. Participants will be considered to have achieved normal adult height if their near FH, as defined for the primary outcome, lies above the lower bound of normal adult height. 
The proportion of children reaching mid-parental TH (- 2SD)

Mid-parental target height (TH) is recorded in section 3 on the Baseline Data Collection Worksheet. 

TH will be calculated by sites from parental height, using Tanner’s TH formula (27) and converted to a standard deviation score. The lower bound of TH will then be defined as two standard deviations below the TH SDS.Participants will be considered to have achieved their TH if their near FH, as defined for the primary outcome, lies above the lower bound of their TH. 
Difference in FH minus TH (in SDS and centimetres) 
The difference between the FH and the TH will be calculated for each participant using the FH and the TH, as derived for the primary outcome.  The difference will then be calculated as:

Difference in FH minus TH (cm)= FH – TH
Difference in FH minus TH (SDS)= (FH – TH)  / σ
Where σ is the standard deviation of this difference in the population. Population parameters will be obtained from the relevant WHO Growth Charts, for children of the corresponding age and gender to the participant (25).

Bone age delay at near FH
Near FH assessment will be calculated in the same manner as the primary outcome. Participant age (years) at near FH assessment will be calculated as follows:

(Date of x-ray at near FH- date of birth)/365.25
Estimated bone age (years) at near FH assessment is recorded in section 3 on the follow-up worksheet. Bone age delay at near FH will be calculated as: 

Bone age delay at near FH (years)=Estimated bone age at near FH-Participant age at near FH
Bone age acceleration between enrolment and FH
Bone age at enrolment is recorded in section 8 of the Baseline Data Collection Worksheet. Near FH assessment will be calculated in the same manner as the primary outcome. Estimated bone age (years) at near FH assessment is recorded in section 3 on the follow-up worksheet. Bone age acceleration between enrolment and FH will be calculated as:
Bone age acceleration/year=(Estimated bone age at near FH- Estimated bone age at enrolment)/A
Where A is follow-up time (years), calculated as:

A=(Date of x-ray at near FH-Date of baseline x-ray)/365.25

Bone health index at near FH
Near FH assessment will be calculated in the same manner as the primary outcome. Bone health index at near FH assessment is recorded in section 3 on the follow-up worksheet.
Serum IGF-1 and lipid profiles at FH
Near FH assessment will be calculated in the same manner as the primary outcome. Serum IGF-1 at near FH assessment is recorded in section 4 on the follow-up worksheet. Results will be converted to a standardised unit (assays give results in different units) and combined into a single analysis (where possible). 
Lipid profiles at near FH (fasting serum triglyceride and fasting total serum cholesterol) are recorded in section 3 on the Near FH worksheet. Results will be converted to a standardised unit (assays give results in different units) and combined into a single analysis (where possible). Total cholesterol, (HDL and LDL) levels measured in mmol/L can be converted to mg/dL by multiplying by 38.67, and triglyceride levels measured in mmol/L can be converted to mg/dL by multiplying by 88.57 (28). 
Peak stimulated GH at FH
Peak stimulated GH at near FH is recorded in section 2 on the Near FH worksheet. Data from the two accepted GH assays, Arginine and Insulin tolerance test cannot be combined and will be analysed separately. 
Adverse events 
Adverse events (Lipoatrophy, Headache, Idiopathic intracranial hypertension, Increased levels of fatigue, Increased levels of weight gain and Abnormal lipid profile) are recorded in section 6 on the follow-up worksheet at each follow-up assessment. If a participant ticks yes to presence of any of these sides effects at any follow-up assessment then they will be considered as having an adverse event. Participants who tick absent for each side effect at all follow-up assessments will considered as not having an adverse event.
Other measures

Age at randomisation (years)=(Date of randomisation-date of birth)/365.25
Body Mass Index (BMI)=weight (kg)/height(m)²
Baseline height SDS= (height at baseline - µ)/σ
Where µ is the mean height (cm) in the population and σ is the standard deviation in the population. Population parameters will be obtained from the relevant WHO Growth Charts, for children of the corresponding age and gender to the participant (25).

Bone age delay at enrolment
Participant age at enrolment (randomisation) will be derived as above. Estimated bone age (years) at enrolment is recorded in section 8 of the Baseline Data Collection Worksheet. Bone age delay at enrolment will be calculated as: 

Bone age delay at enrolment (years)=Estimated bone age at enrolment-Participant age at enrolment
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